January 23, 2002

Dan Dallas, District Ranger

Newport Ranger District

315 North Warren

Newport, Washington 99156

Re: Gardin-Taco Draft EIS

Dear Mr. Dallas,

Please accept this letter on behalf of the board and memberships of The Lands Council, The Ecology Center and the Upper Columbia River Chapter of the Sierra Club.  We are greatly concerned with the preferred alternative and the Gardin-Taco Ecosystem Restoration Project in general.  With 120,000 CCF and 54 miles of roadwork, the integrity of this watershed is at great risk.  Historical records indicate that logging and roadbuilding have been major elements of degradation in this area.  The Gardin-Taco proposal fails to provide any demonstratable proof that further logging and roadbuilding are warranted and/or appropriate ecologically.  We request that you withdraw the project as currently proposed and work to develop a true means at restoring the Gardin-Taco ecosystem. 

A brief review of the purpose and need for this project reveals intentions of reducing risk and damage from fires, insects, diseases, and invasive plants; providing ecological conditions to sustain viable populations of certain species; and improving and protecting watershed conditions.  A brief review of the preferred alternative however, reveals a significant amount of logging and road construction/reconstruction potentially leading to increased fire risk, increased insect and disease risk, increased risk of noxious weed spread, increased access for livestock to the watershed, increased sedimentation of poorly functioning stream systems and logging of wildlife habitat and travel corridors.  As you can see, it is difficult to connect the stated purpose and need with potentially very degrading consequences.  Our specific comments follow, detailing our concerns:

Historic Conditions:

A current trend within the FS is to propose large-scale logging as a method to mimic fire and return the watershed to historic conditions.  Arguably, this is an unproven and questionable method since logging and road building have historically played a major role in contributing to the degraded watershed conditions of current.  In addition, a more rigorous analysis of ‘historic conditions’ is warranted as the implications of modeling a watershed after a distinct moment in time is shortsighted.

In the Purpose & Need, the DEIS states that an objective of this project is to restore seral species and restore fire to its historic function.  The DEIS also indicates that a forest that is less susceptible to insects and disease is desirable and itself a historic condition.  In establishing a big picture view of historical conditions, the DEIS should have established the dominant processes that historically shaped the composition of forests in this area.  Some of the processes in this area are fire regime and return interval, annual precipitation, slope, aspect, elevation, and geographic location.  The DEIS failed to provide much detail on some of these processes in regards to current conditions and historic conditions. 

In addition, the existing condition, past activities and foreseeable activities on all surrounding non-federal (e.g. private, state, & county) lands are not analyzed or even mentioned except to say that a range of activities have taken place. 

The DEIS discusses how the Gardin-Taco area might have been under Pre-settlement conditions. How far back in time does the historic evidence span, 100 years or 2000 years?  We consider that 70 years, particularly after the human impacts, is a completely inadequate period of time to base historical conditions.
The DEIS states that John Lieberg’s study of the Priest River reserve could be used to describe the Gardin-Taco analysis area (pg 90). We find this ironic, since Lieberg describes a dense forest full of undergrowth and hundreds of trees per acre, while the proposed vegetative treatments would severely reduce basal area and leave crown closures as low as 10%, and tree density at 20-70 trees per acre in the regeneration units.  The section on stand treatments, TSI, thin, etc. is confusing and should be clarified for the public. We ask that a unit-by-unit chart of what the remaining crown cover and tree density under each alternative be provided. The information in the DEIS summary does not seem consistent with that in Chapter 3. 

According to the DEIS, 70% of the project area is of the moist forest habitat types (western red cedar/hemlock, pg. 91) found within fire group eight described for northern Idaho forest types (Smith & Fischer, 1997), which we assume to be similar to the Pend Oreille watershed (as acknowledged by the DEIS).    Knowing that 70% of the area is fire group 8 is important in that it allows us to generalize about the historical species composition of the project area.  The publication cited previously indicates that these areas would have the following characteristics:
· Floristically diverse with up to 10 species of conifers occurring during succession.

· Climax species include western hemlock and western red cedar.

· Seral species include western white pine, western larch, grand fir, Douglas fir, subalpine fir, Engelmann spruce, ponderosa pine, and lodgepole pine.

· Very productive, reflected in relatively heavy fuels.  Despite this, fire hazard remains low to moderate because understory humidity is usually high and understory vegetation usually remains green throughout the summer.

· Fuels in a stand opened by fire or other disturbance dry more quickly in subsequent years, so these stands may be subject to reburns with severe fire behavior.

· Timber harvesting increases woody fuel loadings.

· Western larch is the more common relict species, followed by Douglas fir, ponderosa pine, and western red cedar after a fire.

· Low and mixed-severity fires increase structural complexity within stands and heterogeneity across the landscape.

· Profuse, diverse regeneration of herbs and shrubs after fire is typical.

· The replacement of western white pine by Douglas fir and grand fir as seral species following disturbance accelerates succession to climax species.

· Fires occurring early in succession reduce the importance of western white pine.

· Continued fire exclusion slows the recycling of carbon and nitrogen.  Exclusion of low and mixed severity fire reduces vigor and crown volume of western larch and thus reduces fire resistance.  Loss of mixed-severity fire may lead to a coarser-grained landscape pattern and reduced ecological diversity (Brown and others, 1994)
The DEIS failed to account for the diversity of characteristics listed above in their attempts to revert forests to seral species and describe historical conditions.

In promoting this stand conversion, we argue that the FS is not managing the landscape on a sustainable, long-term basis. By promoting the values of shade intolerant, early seral species, the FS leads the public to believe that this project will maintain early seral species in this watershed, however that is impossible (naturally) due to the nature of forest succession and disturbance processes.  It also may not reflect the natural diversity of the landscape.  The DEIS completely ignores these considerations, which are critical to the cumulative analysis of this project.
The DEIS also fails to acknowledge the diversity inherent within forest succession and the establishment of seral species following disturbance.  The Gardin-Taco project proposes a narrowly focused approach that is not reflective of historical diversity.  For example, Smith and Fischer (1997) note that habitat types under fire group eight typically follow 3 generalized pathways of forest succession following disturbance.  These differ in part by which species are first to regenerate following disturbance.  In scenario 1, western white pine and western larch are the early seral species, in scenario 2, cedar and grand fir are major seral species, and in scenario 3, lodgepole pine dominates early succession.  As can be expected, the results of each pathway are distinctly different.  The DEIS fails to acknowledge the variety in seral species that could and should be present and instead promotes only the values of western white pine.

In addition, Smith & Fischer (1997) noted that species composition following disturbance depends on the site itself, the species present before the fire, the size and intensity of the burn, and postburn conditions.  In addition, development varies with seed source, presence and vigor of pathogens, and disturbance history.  These factors are not discussed in terms of effects or existing condition in the DEIS.

Through artificial stand conversion, this project may and is likely to affect numerous other components of the ecosystem that have evolved with a diversity of disturbance processes and a diversity of forest successional pathways, not with artificial restoration means.  All of these effects should have been disclosed in reference to artificial stand conversion and the species composition of a fixed point in time.
How does this artificial stand conversion affect the ecosystem components beyond forest structural stage both locally and across the landscape, both in the short- and long-term?  

What are the effects of stand conversion to wildlife habitat, hydrological processes, water temperature, riparian integrity, soil microorganisms, soil temperature, genetic diversity, bryophyte populations, ecological integrity, nutrient cycling processes, etc., both in the short- and long-term?

The DEIS also fails to adequately disclose the effects and long term effectiveness of using logging as a mechanism to replace fire.  The impacts on soils, fire dependent species, watershed function, native plants, fungi and nearly every forest attribute are different between fire and logging. And, the DEIS fails to discuss the fact that fire suppression will continue, which continues to eliminate a dominant force that shapes and maintains the health of these forests.  Thus leading the reader to the assumption that the FS plans to use logging as the dominant disturbance process in these watersheds for the indefinite future.  However, the DEIS fails to disclose this, to adequately disclose the long-term impacts of using logging as a means to mimic a natural disturbance process and fails to disclose the mean return interval that logging will occur on in order to maintain these “insect resistant” forests.  

By attempting to utilize logging as a “restoration mechanism”, the FS indirectly puts forth the notion that logging is the appropriate and accepted replacement for fire and the preferred displacement process for this watershed.  This indicates a decision already made and thus a bias on part of the decision maker.

The DEIS (pg 91) cites a study indicating that in the red cedar type the fire return interval for low to moderate severity fires is 50-100 years, and 150-500 years for a stand replacement fire. Hessburg states that fire return intervals are often more than 100 years. Despite this information the District assumes that the forest is overly dense, at risk from severe wildfire and in need of extensive thinning. The fire return interval history does not support this conclusion, there appears to be no reason to alter fuel loads or canopy cover in the project area.  In fact, the extensive removal of crown cover will likely dry out soils and cause changes in watershed function – which is not disclosed in the DEIS.

While the role of fire may have been altered by decades of logging, the FS is now justifying that action under the heading of “restoration”, which itself has not been adequately discussed and disclosed. The DEIS fails to analyze the long-term impacts associated with a shift in disturbance process from fire to logging. The DEIS fails to indicate how long additional logging would or would not be excluded from this watershed.  The DEIS also downplays Alternative B, which is the only alternative that would at least temporarily end the pattern of not allowing fire in the project area.

The DEIS fails to give adequate consideration to the fact that fuels and fuel accumulation are natural processes of forests, especially moist site, multiple species forests.  By such failure, the DEIS fails to provide necessary information about the benefits of dead wood, fuels, and dense forests to wildlife and soils and instead takes a minimalist approach towards this ecosystem component.
The DEIS fails to acknowledge that the replacement of western white pine by Douglas-fir and grand fir as seral species following disturbance accelerates succession to climax species (Smith & Fischer, 1997).   In an area lacking in old growth, this may be an important consideration for retaining stands of Douglas fir and grand fir. Relating to this, the DEIS fails to recognize that conditions other than historic may need to be maintained in order to provide essential habitat for at-risk wildlife or to protect downstream watersheds until such time as suitable habitat can be restored more broadly on the landscape (Wisdom et al., 2000; ICBEMP, 2000).

Purpose and Need:

The Purpose and Need section states that “Consistent with the National Fire Plan, this project emphasizes treatment in the interface along developed private lands”

According to draft documents from the project file,  42% of the “treatment” areas will be greater than two miles from private structures.   This raises several questions.  Is the Forest defining the wildland urban interface at two miles from private homes or property?  Why not ½ mile or 4 miles?   Why not choose the 200 feet that fire scientists know is the key area to create defensible space around houses.  Our observation from the map is that virtually none of this project area does any treatment along developed private lands, and therefore this project does not meet the defined purpose and need.

Since the project fails to be consistent with the National Fire Plan, is not in an area that is at imminent risk from wildfire (according to fire return intervals), prescribes an experimental silvicultural treatment that does not mimic natural processes, and will lose money to the U.S. Treasury, we ask that it be removed as an active project.  Projects such as the Parker Timber Sale, which heavily logged and replanted with white pine, should be studied as a long-term experiment, before further risks are taken with this watershed.
Insects and Disease:

The DEIS is vague about the need to log to reduce risks from insects and disease, indicating a need but not supplying detailed information about current insect population levels and or epidemics.  

The DEIS fails to give adequate consideration to the value and importance of insects and disease in forest ecosystem processes.  Alternate views to the FS put forth a number of values provided by insects and disease.  Insects act as a natural thinning mechanism, eliminating weaker trees and reducing competition among survivors (Schowalter and Withgott, 2001).  Insects can retard or advance forest succession depending on moisture levels.  In moist situations, where fire is rare and fire-intolerant species crowd pines, insects advance succession by killing pines and making room for shade-tolerant, fire-intolerant firs (Ibid.), which in some forest types are the climax species.  The same report suggests that landscape-level changes in canopy cover driven by insects may even influence regional climate.  Insect outbreaks produce large amounts of nutrient-rich materials, from insect bodies to plant debris, thereby stimulating decomposition and soil enrichment (Ibid.).  Such soil effects relate back to productivity of the site.

The DEIS fails to scientifically substantiate their implied bias against insects and disease and instead has created an objective of this project to create forests more resistant to insects and disease.  This implied bias is clearly not in line with an ecosystem approach, which values and accounts for all the processes and factors within an area.  By purporting a need to resist insects and disease, the FS falsely portrays insects and disease as an enemy that requires premeditated defensive action.  This is unacceptable in light of the role that the FS plays in educating the public about “ecosystems”, in providing holistic stewardship of public lands, and in providing objective information.  This is unacceptable in that it creates a biased document that does not meet the terms of NEPA for providing unbiased factual material for the public and decision maker.

The DEIS fails to adequately disclose that proposed logging methods could prolong Douglas-fir beetle outbreaks when stumps remain or when slash greater than 8-inch diameter remains.  In the book, Western Forest Insects, R.L. Furniss and V.M. Carolin (1980) note that in British Columbia stumps are a significant source of Douglas-fir beetles.
The DEIS fails to adequately disclose that logging methods could increase the incidence of root disease.  Douglas-fir beetles are known vectors of fungi known to be pathogenic to Douglas-fir (Harrington & others, 1981; Ross & Solheim, 1997). Certain fungi may be associated with successful mass attack of Douglas-fir (Lewinsohn & others, 1994).  Also, Douglas fir beetles and other insects may carry root disease pathogens that may be vectored to trees during maturation feeding or unsuccessful attack (James & Goheen, 1981).  Douglas-fir beetles and other insects may vector a particularly virulent plant pathogen known as black-stain root disease (Goheen & Cobb, 1978; Witcosky & others, 1986; Landis & Helburg, 1976).  Black-stain root disease may not be host-specific and, once established in a stand, may increase as a problem over the years (Smith & Graham, 1975).  Trees declining from black-stain root disease may harbor a succession of insect vectors (Witcosky & Hansen, 1985).  Certain logging practices and road construction are known to exacerbate conditions that favor black-stain root disease spread (Harrington & others, 1983; Hansen, 1978).  Harvest and mechanical thinning produce abundant food and breeding sites for several black-stain root disease insect vectors and possibly infection courts for plant pathogens (Harrington & others, 1985).  Also, logging stumps and tree wounds caused by logging operations may produce volatiles that are attractive to bark beetles and other potential plant disease vectors (Rudinsky, 1966).  
Soils:

The soil report (draft) discusses important issues such as geology, compaction, nutrient availability, and soil organisms in the Gardin Taco project area generally, and is a good start at understanding how the past impacts and alternatives affect the project area. We would like some additional information that shows the condition of the units that are proposed for logging.  We also wonder how the 26% of the area that was logged since 1950 overlays with the proposed units. How does this correlate with the two stands that were examined on the ground for detrimental soil conditions?  We would like to see a sit specific analysis of compaction and other detrimental soil conditions in any unit that has been previously logged, since logging prior to the 1990’s was likely to be less sensitive to soils than the two sales that are cited in the soil report.

In our watershed and geology section we have additional questions about soil types and nutrient availability so we will not discuss this further here.

Our observation of cut-to-length systems has been that slash is often not a foot deep, and we are quite concerned that compaction by this type of equipment will exceed the 20% in an activity unit.   What is the likelihood that the slash buffer referred to will be implemented over the project area?

The risk to soil from prescribed burning seems overstated.  What has research on the Colville or other places shown from recent prescribed burns?  The burning within logged units also has the potential to impact soils – and add to problems created by equipment driven on soils.  This impact should be analyzed and disclosed. How has fire suppression altered soil chemistry and microbiology?  What will the benefits of prescribed burning be to those soil components?

How has soil microbiology changed in this area from historic conditions – given that the area has been roaded, logged, grazed, and homesteaded for over a hundred years?

We are also concerned that monitoring and compliance with soil standards has not met the requirements of the Colville Forest Plan.  An assessment of Forest Plan monitoring item #27 (Changes in soil productivity) revealed that soil compaction is consistently the most significant factor affecting soil productivity.  Soil productivity on second entry units continues to be a concern.  Monitoring frequency is not being met (i.e., in 1997 three districts did not conduct any soil monitoring).   Since 1992, no annual Report has all 5 Districts reporting soil monitoring results.  In addition, when projects are monitored, only a handful of units are sampled, which makes the results questionable in terms of sample size and more importantly, fails to meet the Forest Plan monitoring frequency requirements.  Over the years, the number of units monitored has consistently declined.

The review of Forest Plan monitoring reports also revealed that units that are monitored continue to exceed Forest Plan Standards, usually for  compaction.  Apparently there is a lack of consistency for monitoring methods (reported in ’96, ‘95), and it is unclear if this has been resolved.

Within the Gardin Taco project area, how many second entry units are there?  Were these units monitored in the past?  How will monitoring for Gardin Taco units be accomplished?  With what frequency, methods and sample size? 

Finally, we are concerned that using harvester forwarders at 40 foot trails will violate the Forest Plan Soil standards.  If slash is used in sufficient depth to protect the underlying soils from compaction, detrimental effects will occur.  If there is insufficient slash, the compaction will exceed 20% of the sale units. In either case this will violate standards.

Fisheries:

It appears the Forest Service either is withholding information on historic and current fish population status or has not done the research to list the species that could be affected.

The fisheries section fails to evaluate effects from all road construction and reconstruction and instead only evaluates roadwork in RHCAs.  Given that sedimentation in streams can result from processes outside of RHCAs, such as rain-on-snow events, all roadwork should have been taken into consideration.

Major trout spices are declining in the west, mainly due to the increase of sedimentation and temperature, both of which are related to vegetation modification (Kessler et al, 2001). This project will have the potential to increase sedimentation, thus lowering the amount of livable fish habitat. 

Tacoma Creek was considered for Priority Watershed designation under the draft INFISH rules.  Given that the Pend Oreille River is occupied by bull trout and the Gardin Taco (GT) project feeds into the river, how will impacts such as changes in peak flows, sediment and temperature impact Tacoma and other creeks in the project area? Note that we have enclosed a paper (‘Reducing Fire Risks to Save Fish – A Question of Identifying Risk’) on this subject from the Lolo National Forest as part of our formal comments. We ask that a more extensive analysis of the cumulative impacts of the GT project on the Pend Oreille watershed be considered.

In addition, The Montana-based Alliance for the Wild Rockies and Friends of the Wild Swan conservation organizations have reached an agreement with the U.S. Fish and Wildlife Service settling a federal lawsuit seeking critical habitat designation for the bull trout. As a result of the settlement, the U.S. Fish & Wildlife Service will begin a comprehensive, range-wide analysis and designation of critical habitat for the imperiled bull trout.  We would not want any irreversible actions to take place in an area that may end up being designated critical habitat.

Please clarify the number of acres proposed for logging given in Table 70 on page 186.  Previous numbers in the EIS proposed 6,750 acres of logging, not 14,000.  

Sedimentation:

We are lead to assume that there was no sediment modeling done for the project, because it was not described within the EIS, nor did a cursory review of the draft soil reports in the project file (1/22/02) reveal any modeling.  Overall, the Geology section does not reflect the complexity of the area and is not user friendly.  

In the DEIS the Forest Service states that “with the natural variation in annual climatic events, the effect of vegetation manipulation is usually unnoticeable at this scale. The increased flows may come as elevated peak flows or as elevated flows over a longer period of time. Rock sources would be developed in connection with road construction. There would be no effect of these disturbances on the riparian or aquatic resources.” There are various ways to view average climate for an area, though climatic events are not wholly predictable, but good guesses can be made. Even with BMP’s there will be some new sediment yield in the project area, and there is no sediment yield model indicated in the DEIS.  Elevated peak flows are the leading cause of stream channel degradation. Elevated flows could increase the suspended load and saltation load, which would have an adverse affect on fish habitats. Further analysis is warranted so that the public and the decisionmaker has a better understanding of the potential increase of peak flow and over all stream flow.

Though there are no water bodies with in the project area with a 303d rating, Total Maximum Daily Load (TMDL) sediment yield modeling would give the public a better understanding of the amount of sediment that could enter the stream systems. The Forest Service needs to identify within the EIS the number of acres that will have vegetation modification and the number of miles roads to be built within each geologic region. This information is relevant because each rock type produces different sediment and becomes mobilized differently.  Further data compilation and modeling should include the use of the coefficients given by the EPA.

Page 11 of the EIS states that analyses were done on sedimentation caused by road building, though it was not listed as to what models were used and the result of the work. It is imperative that this information be shared with the public. 

More extensive modeling needs to be done on the proposed rock pits. The large amounts of loose rock can become mobile and enter stream systems. There is no discussion in the EIS as to what geologic region these pits will be built in and what the locations for pits are in relation to fluvial systems. 

Rain on snow:

Rain on snow is the leading cause of increased sedimentation in many watersheds. It is clear by the Forest Service’s statement that there was not extensive research on the potential for rain on snow events, “(t)he hydrologic regime is snowpack-dominated i.e. snowpack remains throughout the winter. Spring runoff is the main streamflow event of the year. Lower elevations are more subject to rain-on-snow weather events, but streamflows usually don’t respond to these events.” This project could increase the potential for rain on snow events and such blanket statements as those previous do not account for that potential or related effects.

Vegetation modification (i.e. logging) is the dominant factor leading to rain on snow events. Though this area has no real history of rain on snow, vegetation modification of 13,650 acres will undoubtedly enhance the possibility for a rain on snow events. 

Rain-on-snow events are common on mountain slopes within the transient-snow zone of the Pacific Northwest. These events make more water available for runoff than does precipitation alone by melting the snowpack and by adding a small amount of condensate to the snowpack. In forest openings (such as those resulting from clearcut logging), the amount of snow that accumulates and the turbulent- energy input to the snowpack are greater than below forest stands. Snowmelt simulated during three rain-on-snow events (measured in a previous study in a clearcut in the transient-snow zone of the H.J. Andrews Experimental Forest in Oregon) demonstrated that melt generation is most sensitive to turbulent- energy exchanges between the air and the snowpack surface. As a result, the most important climate variable that controls snowmelt is wind speed. (Marijke van Heeswijk et al, 1995). The Gardin-Taco project will have large-scale forest openings on down sloping hills; with rain and warmer winds on these exposed areas there could be increased chances for rain-on-snow events, which will cause large scale stream channel degradation.   

Geology:

The purpose of the EIS is to inform the general public how a project will affect publicly owned lands. The Geology section needs to have more user-friendly descriptions. An examples of what we would like to see might be,

Two-mica granite is: A coarse-grained, intrusive igneous rock (magma that cold with in the earths crust and then was brought to the surface) composed of quartz, orthoclase feldspar, sodic plagioclase feldspar, and micas. The Belt Super Group is 2500 to 570 million years old (Proterozoic) sedimentary rock that has been changed through pressure and temperature (metamorphosed) comprised of thin platy minerals (micas) that are aligned (schist). These rocks are highly erodable because of the platy nature of micas. Till is unconsolidated sediment containing all sizes of fragments from clay (smaller than 1/255 mm .0001 in.) to boulders (larger than 256 mm about 10.36 in.) deposited by glacial action, usually unbedded. Glacial valley: A valley occupied or formerly occupied by a glacier, typically with a U-shaped profile. The term block drop fault is somewhat antiquated. The preferred description for these structure is Normal fault: A dip-slip fault in which the block above the fault has moved downward relative to the block below, though based on newer evidence the Newport is far more complex than either description. 

We request that the Forest Service review and include as part of our formal comments the enclosed paper entitled “Geology of the Purcell Trench rift valley and Sandpoint Conglomerate: Eocene en echelon normal faulting and synrift sediment along the eastern flank of the Priest River metamorphic complex, north Idaho” written and compiled by P.T. Doughty of Eastern Washington University and R.A. Price from Queen’s University. This paper gives a detailed understanding of the geologic history of the region and offers a more up to date description of the project area.  

Many of the maps referenced for the EIS are antiquated and should be replaced with more current maps. 
Equivalent Clearcut Area (ECA):
One of the earliest cumulative watershed effects (CWE) analysis procedures was developed by the U.S. Forest Service (USFS) for use in northern Idaho and Montana (USDA 1974; Galbraith 1975). The primary impact of concern was channel disruption, and this was assumed to be caused primarily by increased peak flows from reduced transpiration due to logging. Channel disruption was assumed to be an index of impacts on many beneficial uses, so specific impacts were not considered. 

Application of the model first requires calibration for an area. The extent to which each management activity increases water yield is determined as a function of vegetation type, elevation, and age of the activity. Although these relationships could be defined for many land uses, only those related to timber management are usually included. Values for each land-type and land-use category are then compared to values for a clear-cut to calculate the area of clear-cut that would produce the same change, and this is used to calculate the equivalent clear-cut area (ECA) coefficients. The amount of monitoring data required for full calibration of model coefficients is usually prohibitive, so professional judgment is often used to define ECA coefficients.

Once the model is calibrated, application to particular sites requires measurement of the area of each land-use activity in each elevation zone and vegetation type. Areas are multiplied by ECA coefficients and summed to calculate total change in water yield, and altered water yield is assumed to be proportional to altered peak flows. Allowable thresholds for flow modifications are specified by law in northern Idaho, and calculated values are compared to the mandated thresholds. Allowable increases may be modified according to the perceived stability of channels in an area.

The ECA model is not presented as a complete CWE analysis method. Provisions are not made to evaluate the effects of other types of land use; other mechanisms of channel destabilization or peak-flow increase are not analyzed; other types of environmental changes are not considered; and specific impacts are not addressed. In effect, the estimated increase in water yield is used as an index of potential impact rather than as a predictor of impacts.
Roads and Road Management

Are unclassified roads considered in road density calculations and effects analysis?  

We object to the inclusion of roads 2615448 and 2615554 in the road closure action.  Because these roads will continue to be used in the winter by motorized transportation, they still have considerable effects (to noxious weed spread, wildlife habitat and seclusion, erosion, regeneration of closed areas, etc.) and should thus be considered open roads.  In addition, because people may become accustomed to accessing these areas in the winter, they may be more likely to illegally access them in the remainder of the year.  We would argue that familiarity with an area is one reason why people ignore gated road closures.

We also object to the inclusion of gated and bermed roads in the closed road density calculations for effects.  At the very least, the likelihood of illegal access to gated and bermed roads should have been factored into road density calculations to reflect the level of non-compliance expected.  If the District has fulfilled its obligations to monitor road closures, then the District must have numbers reflecting the effectiveness.  For example, if road-closure actions are only 50% effective, then this should be taken into consideration in the EIS and effects analysis for closed road calculations.  When roads continue to be used despite gating or berming, they continue to contribute to the degradation of the ecosystem and should not be considered “closed” roads in the context of ecosystem benefits.  This last statement is reinforced by recent Forest Plan monitoring reports which indicate that ineffective road closures continue to degrade deer and elk habitat and thus closure methods should be changed (more on this below and under wildlife).

The Colville NF Plan has a monitoring item (#28) labeled “Transportation System Management” whereby the Forest has committed to annual monitoring to “measure the effectiveness of closing new roads”.  Despite this, a review of recent Forest Plan monitoring reports showed no reporting of year around closure mileage.  Thus, there is no way to measure whether Forest Plan estimates are being met for closed roads.  We would specifically like to know how Gardin-Taco’s proposed road closures and monitoring methods would differ from the Forest’s problem illustrated above.  How will the District know and report how many roads are indeed closed and what the effectiveness of these closures is?  With what frequency will this be reported and how will this data be available to the public?

Also related to monitoring and road closures, recent Forest Plan monitoring reports for item #10 (Deer and Elk Winter Range) indicated that monitoring of road closure effectiveness needs to be increased and that road closure methods which are not effective should be changed.  How does the Gardin-Taco proposal improve monitoring methods and frequency for road closure effectiveness compared to past monitoring methods and frequencies?  How does the Gardin-Taco proposal utilize more effective road closure methods since the Forest appears to be well aware that a change in road closure methods is warranted?

We support the District’s proposal to close 68 miles of road.  It is a good first step towards restoring the integrity of this ecosystem, both in terms of aquatic integrity and habitat connectivity.  However, as expressed above, we believe that unless roads are obliterated and decommissioned, they will continued to be used and thus not contribute towards ecosystem restoration.  Furthermore, gated and bermed roads require continued maintenance on the part of the District in terms of closure effectiveness monitoring, noxious weed monitoring, culvert monitoring, etc.  If roads were fully obliterated and replanted with native species, the District could expect to phase out the costs associated with such ‘closed’ road maintenance.  In light of the 10 billion dollar backlog of needed road maintenance in our country's National Forest, the District should take this into consideration.

The DEIS is confusing with regards to road closures that would remain open to motorcycles and ATVs seasonally.  Page 137 states that roads within MA 6 and 8 would be able to be used by motorized recreational vehicles for part of the year. Page 169 states that all motorized vehicles use of closed roads will be prohibited.  Please clarify.

In the discussion of road impacts, there is discussion for Alternatives D and E about the impacts of new construction on noxious weeds and stream crossings.  These impacts are not disclosed for Alternative C, but should be.

How many administrative uses are expected in the closed roads area?  Have administrative uses ever exceeded the projected use and what was done to monitor closure effectiveness?

Noxious Weeds

The DEIS tiers to the CNF Integrated Noxious Weed EA (1998) for documented weed infestations.  Presumably the NEPA process for that EA could have started as early as 1997, so we are curious about documented weed infestations since then…where are they and where is the NEPA analysis for their management/treatment?

The DEIS is unclear as to whether weed treatment would occur as a result of activities proposed in the Gardin-Taco proposal.

Colville NF Plan monitoring reports indicate problems with the spread of noxious weeds on closed roads; attributed to illegal ORV use.  Given that illegal access and closed roads are issues relevant to Gardin-Taco, the EIS should have evaluated and included these effects.  

The DEIS fails to consider livestock grazing as a quantitative measure in evaluating spread of noxious weeds despite widespread acknowledgement of livestock effects on weeds.  

Domestic Livestock

We are concerned about impacts relating to the Forage-Regeneration-Fire treatment that we feel have not be adequately addressed.  The proposal includes seeding areas with non-native grass species and periodic fertilization to maintain these non-native species.  First of all, we fail to understand the Forest Service’s embracement of non-native grass species when they are attempting to manage the ecosystem to reduce noxious weeds.  The purposeful seeding of non-native grass species implies that the FS has the jurisdiction to say that some non-native species are acceptable and some are not.  We strongly disagree with this approach and question how it fits into an ecosystem management approach. 

Why aren’t native grass species being used to seed the area? How many acres are proposed for this non-native grass seeding and fertilization?  What is the cost of this seeding and periodic fertilization?  Are these costs being absorbed by the taxpayer or by the permittee of the livestock allotment?  What is the impact of seeding with non-native species on native plant communities in the area? 

Why does the DEIS fails to consider livestock grazing as a quantitative measure in evaluating the spread of noxious weeds?  Considering that noxious weeds are a key issue used to develop the alternatives in this project, we expect the FS to rigorously and completely evaluate the impacts contributing to noxious weed spread and infestation.  Livestock grazing is arguably a key vector for the spread of noxious weeds as they are known to consume certain weed species. 

The FEIS fails to adequately consider the cumulative effects of the effects of this project on livestock grazing.  Through this project, a considerable amount of additional “range” will be created through logging and road building.  This greatly facilitates the use of this area by domestic livestock and thereby increases the potential for the spread of noxious weeds, increases the likelihood of livestock access to water bodies which can negatively effect water quality and stream bank stability, and increases the risk of fire.  The FEIS fails to give adequate consideration to these effects, both directly, indirectly, and cumulatively.  What is the method used to predict a result of 98 transitory acres from 6,750 acres of commercial logging?  

In addition, the FEIS fails to discuss and disclose the interrelationships between domestic livestock grazing and forest health concerns.  The Integrated Scientific Assessment for Ecosystem Management in the Interior Columbia Basin  (PNW-GTR-382) notes:

The primary causative factors behind fire regime changes are effective fire prevention and suppression strategies, selection and regeneration cutting, domestic livestock grazing, and the introduction of exotic plants.

Livestock grazing effects on sedimentation, riparian areas and water quality were not adequately discussed in the DEIS.  Please include attachment A, enclosed with this letter, as part of our comments and respond to the issues in attachment A in the FEIS.

We are very supportive of the proposal to permanently remove the CalTac allotment from the grazing program on the Forest.  These are the types of steps needed to restore public land watersheds to greater aquatic integrity and health.

Wildlife

Deer and Elk:

Recent Forest Plan monitoring reports for item #10 (Deer and Elk Winter Range) indicated that closed roads which do not effectively “work” (closure methods are ineffective) continue to degrade deer and elk winter range.  How is this problem being addressed in the Gardin-Taco project area?  How are the closure methods proposed (52 miles of gates/barriers and 16 miles decommissioning or obliteration) going to improve effectiveness to resolve this ongoing issue of habitat degradation?

The DEIS fails to discuss the distances between cover units and distance of cover from forage in the Gardin-Taco project area. Do distances currently meet Forest Plan standards?  Will distances following implementation of any of the proposed alternatives meet Forest Plan standards?

The preferred alternative (C) fails to meet Forest Plan standards for open road density.  Forest plan standards instruct the Agency to minimized roads open for public use “not to exceed 1.5 miles of open roads per square mile on deer winter range” (pg. 4-108).  Even with seasonal closures, this project as currently proposed fails to meet Forest Plan directives. 

For how many years has this area failed to meet open road density Forest Plan standards for deer and elk habitat?

We support your proposal to prohibit all motorized vehicle use of closed roads within MA 6 and 8, but question why it is a seasonal closure?  Furthermore, are the closed roads which will continue to allow motorcycles and ATV use in April through November factored into the open road density numbers?  If so, please justify this based on the fact that any motorized vehicle use impacts seclusion habitat.   If any motorized vehicle use is allowed, closed roads should not be excluded from open road density numbers.  

Furthermore, the Colville Forest Plan states that the density of active roads can cancel or negate positive effects of habitat manipulation (Appendix B, pg. 103).  How does the seasonal allowance of active vehicular traffic on roads in MAs 6 and 8 cancel or negate the effects of increased forage resulting from activities in the Gardin-Taco project?

Protection of Winter Range - The DEIS at 46 discusses at some roads will be used between December 1 and March 31.  Which roads will remain open in winter range, where is the travel corridor that will be impacted and what about the cumulative effects of private lands logging?

Old growth indicator species:

Travel corridors between MA 1 areas appear to not be very effective currently from viewing the map provided by the District of Alternative C.   Furthermore, commercial logging activities are proposed in various travel corridors further exacerbating the ineffectiveness of the corridors.  Please provide current conditions for all designated travel corridors in the project area and show how they meet Forest Plan requirements.  How long have current travel corridors been mapped in the areas they currently are mapped in?  Are there two travel corridors for each core habitat area in the project area?  

The DEIS states that 3,028 acres of existing structural stage 6 stands (old growth) occur in the project area (pg. 137) and then later states that no old growth stands exist in the project area (pg. 141). Please clarify. Also, please include with your clarification a description of old-growth stands that Alternative C proposes to log in, including acreage, location and unit number.

The DEIS fails to disclose the impacts to pine marten, barred owls and pileated woodpeckers from the decrease in habitat as a result of logging in structural stage 5 stands.  Specifically, the DEIS fails to provide current population conditions and projected population changes as a result of this logging.  The DEIS begs the question, are current conditions providing suitable habitat for viable populations?  How does the District know the answer to this question?  What are current population numbers for each species in the project area and how do these numbers compare to peer-reviewed scientific estimates of sustainable population sizes for each species?

The project area continues to fail to meet Forest Plan standards for marten by not mapping core habitat areas.  Without mapping these areas, the District is unable to provide proof that they have met Forest Plan direction to provide 160 acres of mature or old growth forest every 2 to 2 ½ miles.  Despite the fact that project activities are not proposed for these areas, we question how the District can evaluate current conditions and effects when core habitat areas are remaining to be mapped.  How do you know where effective travel corridors are?  How do you provide analysis of effects to marten habitat where project activities are occurring within or adjacent?  How can you provide proof that these unmapped core habitat areas meet Forest Plan directions for crown cover, size, distribution, snags and downed trees?

The above concerns are the same for pileated woodpecker habitat.

Road reconstruction is proposed for MA 1 at T 35N, R 43E, S 1.  The DEIS failed to evaluate the effects of this road reconstruction on the MA1 and the species dependent on it.

Numerous road reconstruction, new road construction and logging is being proposed in travel corridors, especially near PMP core areas.  The DEIS failed to evaluate the effects to the corridors, the wildlife species dependent on them and the ability of the core areas to continue to provide habitat given connectivity effects.   If road construction or logging was proposed in a core area, its effects would have to be evaluated site-specifically.  The effects to individual travel corridors should have been evaluated with the same amount of rigorous analysis.

The DEIS fails to analyze the impacts of logging to the unroaded areas in the project area.  This is especially relevant to the analysis of MA1 species since the MA1 areas are in close proximity or within the unroaded areas.  The DEIS should have evaluated the effects of logging in these areas to MA1 species and other species using MA1 areas since it is likely that these species utilize the unroaded areas in some capacity.

Gray Wolf:

The road density numbers used in the effects determination for gray wolf are misleading.  Because the Forest has a policy of allowed motorized recreation vehicle use on closed roads for seasonal time periods, the total road density number should be used when discussing wildlife habitat seclusion requirements.  For this project area, the DEIS states that the total road density is 3.8 miles per square mile; compared to the recommended 1 mile per square mile for gray wolf habitat, the District is not doing a very good job of providing seclusion habitat for large mammals.  

Lynx:

The DEIS claims that 5% of the LAU provides “good potential denning habitat” (pg. 174).  Please provide the quantitative and qualitative measures used by the District to define denning habitat and the methods use to obtain such data, e.g., was denning habitat estimated from aerial photos?  How is denning habitat distributed across the LAU?

The DEIS fails to discuss how foraging blocks are interconnected.

Furthermore, it appears that the LAU is not in compliance with the LCAS which require at least 10% denning habitat be maintained.  The DEIS fails to disclose how this timber sale would improve or delay achievement of denning habitat across the LAU to meet LCAS. Please discuss this further.

The DEIS also states that 42% of the LAU is currently unsuitable habitat, which also is not in compliance with the LCAS which requires no more than 30% unsuitable habitat (pg. 174).  Furthermore, the DEIS fails to disclose how this project will increase unsuitable habitat or how it will improve unsuitable habitat.

The DEIS fails to provide total road density within lynx range, thereby leaving the effects analysis for road access and seclusion questionable.  Given the ineffectiveness of road closure methods and the Forest’s policy of allowing motorized recreational vehicles on closed roads, the total road density number (3.8 miles per square mile) should have been used to describe current condition.

The DEIS failed to disclose how many miles of ungroomed snowmobile use occurs within lynx range and annual visitor use of snowmobiles in lynx range.  The DEIS also failed to disclose the frequency and effects of road closure violations within lynx range to lynx habitat.

The DEIS maintains that certain roads would be closed year-round, which is confusing when compared to statements made on page 137.  Please clarify which roads would be closed year-round and which roads would be closed (but allow motorized recreational vehicle use).  Please provide mileage numbers for both as well.  

The DEIS states that 15 acres of the LAU would be commercially thinned under the preferred alternative. However, the DEIS does not adequately discuss the effects of this thinning on lynx or snowshoe hare and simply shrugs off any effects by claiming that the area is neither denning or forage habitat.  We feel that this is unacceptable because the 15 acres occur within the LAU which itself is to be managed for lynx and snowshoe hare.   Considering that the LAU does not meeting denning habitat requirements and exceeds unsuitable habitat requirements, further effects analysis is warranted.

How many trees per acre will be left after thinning in the LAU area affected?

In an unpublished report, the Washington Department of Wildlife (1993) recommended that logging roads be obliterated following use to protect lynx habitat.  Please discuss why this proposal does not call for more road obliteration.

We request further information regarding Forest Service standards (LCAS) to map and monitor the location and intensity of snow-compacting activities, such as snowmobiling.  Please provide results of this type of monitoring for the LAU in this project area.  If not available, please discuss why and provide results of this type of monitoring for elsewhere on the Forest that may indicate some level of compliance with these programmatic standards.

The DEIS fails to mention how key linkages for lynx habitat are being identified and protected in light of expected cumulative effects from logging on private lands within the LAU.  

The DEIS fails to discuss how current livestock grazing in the project area affects lynx habitat and also, how thinning within the LAU may increase transitory range and thereby affect lynx further.

The DEIS failed to provide a map disclosing the boundaries of the LAU.  The DEIS fails to disclose whether the LAU includes or is adjacent or close proximity to any of the unroaded areas in the project area.  Logging effects to the unroaded areas should have been evaluated in terms of effects to wildlife.

We request that all of the following concerns be addressed prior to formal consultation with U.S. Fish & Wildlife regarding lynx effects.

Economic Analysis:

The DEIS and Economic Analysis states that 1443 jobs will be created, but provides no supporting information for this claim, except to say it came from TSPIRS.  What is this based upon? The DEIS and Economic Analysis provide no information about the assumptions used in this model, such as salary, period of employment, jobs per million board feet, jobs per type of logging equipment or where those jobs will take place. We are concerned that by putting out this expectation of over 1400 jobs, divisiveness in rural communities, particularly Pend Oreille County, will follow.  

The DEIS on page 75 cites a 14 year old Forest Plan saying that the Colville provides about one fifth of the total timber supply.  This may have been true in 1987, but is now substantiallyless and declining in importance. According to Duane Vaagen (pvt conversation), their mill operated two days from federal timber in 2000. The declining importance of federal timber harvest in NE Washington, and increasing importance of non-commodity values for the Pend Oreille valley should be explained in the FEIS.
Since this is a 62 million board foot sale, one estimate might be that 9 workers per million board feet (page 69, Professor Thomas Power, Washington’s Roadless NF’s Report) would be utilized, or 558 worker equivalents for the life of the project, which would likely be 3-6 months.  We believe the number would even be less, given the mechanized felling equipment proposed for use – but this information was not disclosed in the DEIS.

NEPA requires a thorough comparison of the alternatives, yet Alternative B does not show any job creation, only that $463,581 will be spent on reforestation and Table 1 shows a cost of over 3 million dollars. Certainly the prescribed burning, road closures, etc will require labor.  By only considering one component of job creation, the DEIS fails to disclose the actual social and economic impacts of the project.

How do the alternatives maximize net public benefits, as required by the Multiple Use Sustained Yield Act? Benefits are said to accrue from logging, and that other values such as impacting wildfire intensity, wildlife, etc. are not measurable. The analysis should also quantify the effects of decreasing the quality of secure habitat, decreasing visual attributes by creating new roads, increased sedimentation from logging, road construction and hauling, untreated slash piles and  stumps are a cost.  We note that the negative impacts of logging, burning, etc. are mentioned, our point is that these are significant impacts that could create negative economic impacts far larger than the benefits accrued to the sale of logs.

People continue to move into Pend Oreille County, despite the declining base of extraction from natural resource jobs. Reports indicate this is partly because of the natural landscape and recreation opportunities that the National Forest provides. What are the impacts of this project, which involves noise, dust, logging traffic, unsightly stumps, noxious weeds and decreased quality of hunting and fishing opportunities in the Tacoma Creek watershed?  Our personal observation is that this area is heavily used by dispersed campers, hikers, hunters and trail riders – all of whom will be impacted by this project. 

Recreation created jobs were found by the ICBEMP analysis to be much higher than timber jobs – 14.7 times in the Spokane economic area (which includes NE Washington).

From WA DNR Crone and Haynes 1999, Table 17, so any impact on recreation use in this area will likely impact the businesses of Newport, Usk, and Cusick.  What are those impacts?

Payments to states and counties should be clarified.  With changes in the 25% fund (Payments to Counties) we are concerned that the numbers in the Federal Treasury Returns chart are not accurate.

Other:

Please provide a more detailed description of your proposed monitoring plan, including monitoring frequency and measures to be monitored.

Referring to the draft document 2001_06_kaney_implementation_vs_planning.doc (received on 1/22/02) from the project files, we request an explanation of items on page 2.  It appears that the District has compiled an average number for acres implemented based on past timber sales.  It then appears that the District has used this average implementation number to compare each alternative from the Gardin-Taco DEIS.  Please explain this.

The DEIS makes no attempt to analyze effects to the two unroaded areas in the project area.  Logging effects should have been evaluated as they impact unroaded qualities associated with native plant communities, wildlife habitat, wildlife seclusion, recreation, etc.

The DEIS fails to consider the impacts of logging to increased fire risk and increased levels of insects and or disease. Consider that McKelvey et al. (1996) state:

"Logging on Forest Service and private lands has been primarily of the large overstory trees--accelerating growth in the dense understory and increasing landscape-level homogeneity of slash, ... increase the vulnerability of stands to damage from wildfires."  

Skinner and Chang (1996) state:

"Current management strategies and those of the immediate past have contributed to forest conditions that encourage high-severity fires."

The Fish Bate Timber Sale analysis file from the Lolo National Forest (pg. 152) notes: 

Repeated intermediate harvests, partial harvesting, or uneven-age management, such as economic selection cutting or sanitation/salvage cutting could increase both the frequency and severity of root diseases in stands.  Even one harvest entry in stands has been found to greatly increase the frequency of root disease compared with stands that have not had tree harvest entries.  Studies have shown a doubling of root disease frequency in stands on the Lolo National Forest in Montana with at least one harvest entry compared to those with no history of tree harvest.
The DEIS states that 5 new rock pits will be created.  This is an irretrievable commitment of resources and should be stated as such.

The DEIS at 43 states that 8 green trees per acre will be left on site, and that existing snags will remain.  What is the current snag density, per unit?  If units are below snag requirements how will the 8 green trees turn into the required number of snags?

Mitigation #74 allows Survival School to remove hazard trees. What are the guidelines for this activity and what happens to the trees?  How many hazard trees have been removed in the past by the Survival School?

The discussion of Heritage areas indicates 79 heritage sites will be protected by avoidance or mitigation measures.  What are the buffers for these areas?  How will equipment operators be able to identify these sites since they are not trained in this area?  We ask that all sites be surveyed and marked before any potentially adverse activities take place.

Monitoring may not take place in accordance with the Colville LRMP (DEIS at 49). This indicates that needed mitigation may also not take place, since monitoring may not reveal where mitigation is needed.  The DEIS should state specifically which monitoring will be done, when, and what the likelihood of mitigation will be.  For example the verification of pool/riffle ratios to support the modeling may not be done. If this is the case how does the public know that mitigation efforts are effective? 

Which specific roads will be open to snowmobiles (DEIS page 85) and what steps will be taken when road closures will be violated?  Has the District considered the use of remote cameras at violated road closures?

The DEIS has many examples of jargon that the public is unlikely to know.  For example “basal area” is not a term the general public is familiar with, please define these terms.

Lastly, the FEIS fails to consider ecological integrity of the area as a whole, and instead focuses its discussions and goals on singular aspects, such as forest health and insect and disease potential.  Ecological integrity would imply a hard look and evaluation of the projects effects on biological diversity, soil fertility, genetic diversity conservation, genetic dispersal, and evolution of future biological diversity (SAF, 1993; Perry, 1998).

We would appreciate a response to all of our comments in conjunction with the release of the Final EIS.  Please keep us informed of your decisions.

Sincerely,

Mike Petersen

Conservation Director

The Lands Council

517 S. Division

Spokane, WA 99202

509.838.4912

mpetersen@televar.com
And on behalf of:

Jeff Juel
The Ecology Center Inc.
801 Sherwood St. Suite B
Missoula, MT 59802
406.7285733 - jeffjeul@wildrockies.org


Hal Rowe/Chase Davis 
Upper Columbia River Chapter of the Sierra Club
2421 W. Mission
Spokane, WA 99201
509.747.1663 - hrowe@kettlerange.org
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Background of livestock grazing impacts and preferences.

Grazing animals impact the landscape by three mechanisms: consumption of forage, trampling, and deposition of excreta (Smeins 1975).

The terrain and diet that cattle prefer and other behavioral characteristics influence the magnitude of their impacts on water quality.  Cattle prefer flat or gently sloping terrain (Mueggler 1965, Stevens 1966, Mclean and Williams 1982). In a study in north-central Montana, Allen (1968) reported that cattle utilized bottomlands in all seasons.

Cattle primarily graze on graminoid species when available (Hansen and Reid 1975, Hubbard and Hansen 1976). Shrub species are also important in cattle diets (Hubert et al. 1992). As the palatability of herbaceous species decreases through the season, use of shrub species increases (Roath and Krueger 1982). 

In general, cattle prefer riparian areas because of the topography, variety of forage, and availability of shade, water, and thermal cover (Ames 1977, Gillen et al. 1985). The combination of cattle preference for riparian areas and the importance of these areas for maintaining water quality accentuates the problems caused to water quality (Hubert et al. 1992).

The affinity of cattle for flat or gently sloping terrain corresponds to their disproportional occupation of riparian zones (Severson and Boldt 1978, Platts and Nelson 1985b). Gary et al. (1983) determined that cattle spent 65% of their time within 100 m of the stream in a study in the Front Range of Colorado. Roath and Krueger (1982) noted that cattle utilized the riparian zone rather than slopes through the grazing season even though forage became progressively reduced. 

Cattle prefer riparian vegetation to upland vegetation (Ames 1977, Dwyer et al. 1984). Riparian zones have greater plant biomass and species diversity (Bedell 1984). Also, the vegetation stays green longer and has a higher water content, making it more palatable for a greater period of time (Ames 1977, Schmidly and Ditton 1978, Bedell 1984). Platts and Nelson (1985b) found that (92 % of observations) streamside vegetation use by cattle was twice as heavy as that of the adjacent range.

Cattle usage of riparian zones differs by season (Kinch 1989, Clary and Webster 1989). The summer growing season is the time of greatest use of the riparian zone because forage palatability and variety are at their peak (Goodman et al. 1989). Shade and water are most critical to cattle during the warmest part of the season. In southwestern Montana, Marlow and Pogacnik (1985, 1986) found that riparian zone use by cattle increased over upland use from late June to August with the last half of the season being equal between the two areas.

Cool season grass species in the uplands are more palatable in the fall, thus, cattle may shift usage to the upland in this season (Kinch 1989). Also shade and water are less important in the fall than in the summer. In a study in southwestern New Mexico, Goodman et al. (1989) determined that cattle moved from the riparian zone after the vegetation became dormant and the only green vegetation was upland evergreen species.

Parameters that dictate cattle usage of the riparian zone are their need for water and shade, and their general lack of dispersal behavior (Bryant 1982). This causes cattle to congregate in riparian zones, increasing the likelihood of impacting water quality (Hubert et al. 1992).

The major nonpoint source pollutants that result from livestock grazing and the subsequent impacts of these pollutants on water quality directly, indirectly and cumulatively:

The major nonpoint source pollutants that result from grazing are sediment, bacteria and nutrients.

Sediment 

Sedimentation is most detrimental in terms of associated biological and economic problems (Chesters and Schierow 1985, Crosson 1987, Robinson 1988).  Sediment is detrimental to water quality and streams for many reasons (Lynch et al. 1977). Increased sediment loads cause changes in physical properties of the water, impacting habitat for stream flora and fauna (Hubert et al. 1992). Increased sediment loads also alter stream morphology (Ibid.). Sediment functions as a reservoir for bacteria, nutrients, and chemicals and interferes with human uses of water (Ibid.).

Sediment affects stream organisms while it is in the water column as suspended solids (turbidity), and after it has settled to the bottom (Lynch et al. 1977). Excessive levels of sediment can change species densities, species diversity, and community structure of a stream (Hubert et al. 1992).

Groups of organisms in the food chain are affected by suspended solids (Cordone and Kelley 1961). Suspended solids decrease light penetration, effectively reducing photosynthetic rates of phytoplankton and periphyton, thus reducing the numbers of these primary producers. Decreased numbers of primary producers influences the populations of secondary consumers, ultimately changing the community structure of the stream (Windell 1983). 

Suspended solids also influence the thermocycles of the water column (Hubert et al. 1992). Ellis (1936) found that as suspended sediments settle they interfere with the heat transmission of the water. The metabolic rates of aquatic organisms may be affected by change in these cycles. Suspended solids have direct and indirect impacts on fish (Hubert et al. 1992). Physiologically, the function of the gills is inhibited by the amounts of suspended solids in the water column. Vision is impaired by turbidity, thus affecting a fish's ability to capture prey items. Suspended solids also affects the drift behavior of macroinvertebrates (Gammon 1970) which are prey for fish.

Once sediments have settled, they cause different impacts on stream organisms than suspended solids (Hubert et al. 1992). Sediment changes the complexion of the substrate as interstitial spaces become imbedded with fine sediment material (Cordone and Kelley 1961). Sediment covers gravel substrates, rendering these areas unsuitable as fish spawning habitat (Hubert et al. 1992). When sediment covers redds the amount of gas exchange for the eggs is impaired, decreasing egg survival (Armour 1977). Duff (1977) found survival of chinook salmon and steelhead eggs was reduced when gravel interstices were filled with fines. Cover used by young of the year fish is reduced causing a decrease in the total population (Alexander and Hansen 1986). Imbeddedness also alters macroinvertebrate community structure because the habitat required for some species is lost (Nuttall and Bielby 1973, Alexander and Hansen 1983).

Sediment, in association with discharge and gradient, is a major component influencing stream morphology (Miller 1987). Although streams have the ability to adjust for changes in flow regimes and sediment loads, excessive sediment loads can damage a stream's ability to maintain its state of dynamic equilibrium (Apmann and Otis 1965). Changes in stream morphological characteristics, including channel width and bed form can result from excessive sediment loads (Hubert et al. 1992).

Scour and deposition processes alter streams banks, thus altering stream width. In alluvial rivers the bank material, which is primarily wash load (fines transported with the same velocity as that of the water), is constantly being scoured and deposited (Einstein 1972). A stream channel is in equilibrium relative to sediment level when scour and deposition rates are equal. A stream not in equilibrium with its wash load will scour sediment from the banks if the wash load is low, and deposit sediments when the flow is insufficient to carry the load (Apmann and Otis 1965). Channel width change through scour and deposition is dependent on flow rates. When flow rates are low relative to stream width, aggradation at the banks results and the stream becomes narrower (Andrews 1982). Bank encroachment results in greater habitat uniformity (Hubert et al. 1992).  Restriction of flow to a narrower channel causes many habitat features such as undercut banks to be lost (Ibid.).

Stream bed form is also altered by excessive sediment When sediment loads are in excess of the water velocity's ability to flush the stream system, deposition results (Foster and Meyer 1977). Sediment deposited along the bottom alters the contour of the bed form by filling in pools and backwaters. This process creates a more physically uniform stream and reduces habitat diversity.

Another detrimental characteristic of sediment is it acts as a reservoir of bacteria, nutrients and organic matter (Windell 1983). Sediment is derived from run-off and land erosion. Because of its source, sediment is high in organic material, and in areas that are grazed, bacteria and organic wastes contained in animal feces will enter the stream (Cole et al. 1986).

Kittrel and Furfari (1963) found that coliform organisms tend to adhere to suspended sediments and settle to the bottom. Acting as a sink for bacteria sediment may cause prolonged and heightened levels of bacteria in streams. Bacteria levels within the water column may diminish rapidly. But a storm event can causes re-suspension of bottom sediment triggering increased bacteria levels (Stephenson and Rychert 1982).

Sediment may act as a sink for organic matter and nutrients (phosphorous and nitrogen). Fredriksen (1972) found that a significant portion of nutrients entering streams are attached to eroded soil particles. Animal wastes are washed into streams as in run-off and may settle out of the water into sediments. Presence of these components accelerate the eutrophication process.

Sediment loads in streams also act as sinks for chemical substances (Ellis 1936, Auer and Auer 1990). The interface between the water column and the substrate is important for biochemical processes that take place in the stream ecosystem. At this interface, chemicals are often harmful because they can impact oxygen levels. Unsaturated chemicals result in oxygen depletion (Ellis 1936). Decomposition of organic matter at the water column substrate interface depletes oxygen causing toxic reduced chemical species to be produced including ammonia and hydrogen sulfide. Fish embryos in contact with contaminated sediments may have reduced viability (Auer and Auer 1990). Sediment in streams is costly to humans both economically and socially (Crosson 1987). Both problems motivate the development of best management practices.

The economic problems created by excessive sediment loads include decreased water storage and reduction of sport fishing and recreation opportunities. Sediment loads inhibit water storage by filling in reservoirs, lakes, and irrigation ditches (Holochek 1980). Building sediment storage areas into reservoirs and sediment dredging processes are costs incurred from excessive sediment delivery. Revenues generated by sport fishing and associated economic benefits of tourism decrease when fishing opportunities are reduced by the destruction of fish habitat (Tiner 1984). Other recreational opportunities are lost when sedimentation from high water turbidity renders waters undesirable for body contact watersports (Fanning 1986).

Bacteria 

Grazing animals increase levels of bacteria in streams from feces delivery (Tiedemann et al.1988, Gary et al. 1983, Milne 1976). Bacteria do not broadly impact stream ecology as sedimentation does. But they are detrimental to water quality. The major problem with high levels of bacteria are the dangers posed to human health. The presence of excessive levels of pathogenic bacteria renders water unsuitable to human consumption or contact (Hammer and MacKichan 1981).

The mobilization of bacteria and nutrients from animal excreta is also due to run-off (Cole et al. 1986). Fecal material is eroded by precipitation and mobilized by run-off. The amount of mobilization depends on whether feces were deposited in a location where it would be susceptible to erosion (Cole et al. 1986). Also bacteria and nutrients associated with the soil will be eroded along with the soil. Thus the same factors that influence sediment delivery will also influence bacteria and nutrient loads. Omernik et al. (1981) states that many nutrients may eventually reach the stream by subsurface flow.

Proximity of cattle to the stream determines the level of impacts to water quality. Cattle grazing adjacent to streams causes greater impacts to water quality (Buckhouse and Gifford 1976, Milne 1976). Unless animals are defecating directly into the stream or adjacent to the streambed, bacterial contamination is unlikely (Buckhouse and Gifford 1976). 

Run-off affects delivery of animal wastes to streams (Jawson et al. 1982). In a study by Saxton et al. (1983), fecal coliform and fecal streptococcal bacteria increased from a cattle grazed area with run-off levels in the spring after animals were removed. In Big Creek, Utah, Duff (1977) noted that bacteria levels from grazed stream reaches were generally low except during a period of heavy rains which increased run-off levels.

Nutrients 

As with bacteria levels, nutrient loading in streams results from inputs of ungulate excreta (Doran et al.1981, Schepers and Francis 1982). Nutrient loading does not have the far reaching impact on the stream ecosystem as sedimentation does (Johnson et al. 1978, Smeins 1975). The more significant impact of nutrient enrichment from grazing is the downstream cumulative impacts of eutrophication (Likens and Bormann 1974, Cole et al. 1986). 

Nutrients (primarily phosphorous and nitrogen) from animal excreta entering the stream may pass through the stream system with little impact, but provide increased nutrients to downstream bodies of water. Excess nutrient loading provided to aquatic vegetation results in increased photosynthetic rates followed by will diminish light transmission through the water. Decreasing light decreases photosynthetic rates, causing plants to consume oxygen for respiration, leading to oxygen depletion of the water (U. S. Environmental Protection Agency 1979). Decomposition of increased plant biomass also requires greater amounts of oxygen. oxygen depletion from eutrophication impacts the ecological balance of the body of water (U. S. Environmental Protection Agency 1979).

The degree of degradation by sediment, bacteria and nutrients to water quality is dependent upon delivery processes, primarily erosion and run-off (White et al. 1983, Cole et al. 1986). Coupled with the mobilization of nonpoint source pollutants are the actions of grazing animals that alter landscape features, thus, enhancing the delivery of pollutants to the stream (Marcuson 1977a). Before mobilization and the influence of grazing animals on nonpoint source pollution can be properly understood, the importance of the riparian zone to maintenance of water quality must be reviewed.

The role of riparian areas in maintaining water quality, which is critical to the discussion of livestock grazing impacts because of the impacts of grazing on riparian zones, and thus water quality. 

By virtue of the riparian zone's proximity to the aquatic and the upland area it has the ability to directly influence stream water quality and to buffer streams from upland impacts (Meehan et al. 1977, Odum 1978).  Many authors state that over-utilization of riparian zones by cattle results in damage to the riparian habitat and to water quality (Platts 1981a, Platts and Nelson 1985a, Mizell and Skinner 1986, Thomas 1986). 

Riparian zones directly influence instream water quality by their function in water storage, stabilizing banks, and sediment removal (Hansen 1988). Riparian areas store water during periods of increased flow and help to maintain water flow during low water periods. The bank storage function decreases the magnitude of flooding reducing the likelihood of excessive bank erosion. Riparian vegetation binds bank soils, enhancing bank stability and reducing bank erosion (Hubert et al. 1992). When riparian vegetation is inundated by high stream flows it will trap sediment, increasing riparian soil and improving water quality (Clifton 1989). Also greater channel roughness is achieved helping to control water velocity. The slowing of water velocity by riparian vegetation hanging within the stream channel allows for deposition and helps to reduce erosion of the stream channel (Lowrance et al. 1985, Clifton 1989).

Sediment movement is regulated by riparian vegetation. Eroded materials contained in run-off from upland areas are effectively filtered by the riparian vegetation before entering the stream (Meehan et al. 1977). Riparian areas also act as sinks for 24 nutrients from the uplands (Lowrance et al. 1985).

Riparian areas are of disproportionate importance to both wildlife and livestock (Thomas et al. 1979). Livestock preference for riparian areas over upland areas has been noted by many authors (Ames 1977, Kennedy 1977, Hansen 1988). 

The impacts of livestock grazing to stream ecosystems, riparian areas and fish species.  

Some impacts to water quality and stream ecosystems are unique to grazing impacts on the riparian zone (Skovlin 1984). Riparian zones are defined as having a high water table and distinct vegetation and soils (Kauffman and Krueger 1984, Hansen 1988). They form transitional zones between the terrestrial and aquatic ecosystems (Ewel 1978). Because of their unique position as an ecotone between the two systems they are particularly important to the maintenance of water quality (Odum 1978). Animals grazing in riparian zones remove and trample vegetation (Severson and Boldt 1978). 

These activities promote the following three types of changes to water quality and the stream ecosystem: changes in water temperature, alteration of allochthonous inputs, and changes to the physical features of the channel (Hubert et al. 1992) as well as changes to riparian vegetation and changes to fish habitat.  

Changes in water temperature
Shading provided by riparian vegetation is important for regulating solar energy inputs to streams (Miller 1987). Removal or damage to vegetation overhanging the stream reduces shading, thus increasing water temperature (Meehan et al. 1977). Warmer water temperatures can reduce habitat for sensitive organisms such as salmonid species. Overhanging vegetation also provides cover to fish (Boussu 1954). Loss of this type of cover is equivalent to loss of fish habitat (Wesche et al. 1987).

A study by Duff (1977) described riparian vegetation as almost completely eliminated by cattle along Big Creek, Utah. No instream shade or cover was provided and bank stability was poor.

Alteration of allochthonous inputs

Streamside vegetation is an important source of allochthonous detrital inputs to the stream, particularly in heterotrophic headwater streams (Knight and Bottorff 1984). Allochthonous inputs provide nutrition for fungi, bacteria and macroinvertebrates and are important for the energy flows within stream. Loss of these materials results in changes to the community structure of macroinvertebrates which are an important food source for fish (Armour 1977). Also, streamside vegetation supports many terrestrial insects that are important food sources to fish once they fall into streams (Armour 1977). These populations are impacted when streamside vegetation is altered by grazing (Hubert et al. 1992).

Changes to physical features of stream ecosystems

Impacts to stream channels and streambanks can result from cattle grazing in the riparian zones (Kauffman et al. 1983b, Marlow et al. 1987). In a comparison study in Rock Creek, Montana, Marcuson (1977a) reported 80% more stream channel instability in an area grazed by cattle at 0.27 acres/AUM than an ungrazed area. The general channel morphology of the ungrazed area was unchanged, while the grazed area was unstable and constantly shifting.

Duff (1977) reported alteration of stream width, stream depth, and pool depth due to cattle and sheep grazing in Big Creek, northeastern Utah. While average stream depth within the areas exclosed to cattle and sheep decreased, the stream width within the grazed area increased in each year of the 2 yr study. The exclosed area had mean a depth of 33 cm in the four years of the study as compared to 8 cm in the grazed areas. Likewise, pools within exclosed area had decreased depth because of channel movement and siltation caused by livestock grazing and trampling.

Van Velson (1979) reported the results of a recovery study in which changes to the stream were noted after cattle were removed from Otter Creek, Nebraska. Decreases in stream width were noted as well as increased velocity which helped to flush accumulated sediment from spawning gravel. The stream channel became more variable with more riffle/pool sequences. Similar results were reported by Smith (1982).

In a study by Platts et al. (1983), differences between cattle grazed and ungrazed stream sections in western Nevada were compared. In the ungrazed areas the channel width was narrower and the water depth was greater than in the grazed area. Also bank undercuts were more abundant in the ungrazed areas, indicating a greater degree of bank stabilization. Similar results were noted in a study on Big Creek, Utah (Platts and Nelson 1985c).

Changes to riparian vegetation

Riparian vegetation is important as a buffer strip between the upland areas and the stream ecosystem (Meehan et al. 1977, Odum 1978, Miller 1987). It decreases the levels of sediment that reach the stream and is also a sink for nutrients (Omernik et al. 1981). Loss of riparian vegetation allows for greater delivery of sediment to the stream. The riparian zone functions in denitrification processes and in phosphorous demobilization (Green and Kauffman 1989). Water quality is influenced by these biogeochemical functions of the riparian ecosystem (Hubert et al. 1992).

Cattle also impact riparian vegetation, reducing its effectiveness in maintaining water quality. In a study of western streams, Platts and Nelson (1985c) found that cattle consistently used forage in the riparian areas more than the upland and that this use was frequently heavy (76 to 100% forage removal). Although sheep were also present in the study area, cattle were the primary users of the riparian zone. Similar results were reported by Platts et al. (1983) in Tabor Creek, Nevada.

In a Colorado riparian willow community, cattle were observed to find shade under the willows causing breakage of lower branches (Knopf and Cannon 1982). Lower branches are also removed by grazing. Rickard and Cushing (1982) noted negative grazing impacts on the riparian willows in south central Washington from cattle, sheep and horses. Young willow shoots were persistently grazed, leading to a generally sparse and discontinuous vegetation in the riparian corridor.

In another Big Creek study, Platts and Nelson (1985a) indicated that bank stability and riparian vegetation and overhanging vegetation were rated significantly higher in the ungrazed area than the grazed section. Others have reported improvements to riparian vegetation after cattle have been removed (Van Velson 1979, Rinne 1988). Cattle grazing alters stream habitat characteristics including width, depth, pools, and substrate size (Hubert et al. 1985).

Streamside vegetation removal and trampling alters bank stability, instream vegetation, and quantity of large woody debris that influence the physical features of the stream. Loss of streamside vegetation weakens bank structure because the binding of root systems no longer provides bank stability (Groeneveld and Griepentrog 1985). When vegetation is lost, banks are more susceptible to breakdown from animal movements and from erosional forces of the stream flow. Destablization of streambanks can result in breaking and sloughing of bank material into the stream (Marcuson 1969, Groeneveld and Griepentrog 1985). Stream morphology is changed by the resulting stream width increase and stream sediment contribution (Platts et al. 1985).

Changes to fish habitat

Another feature of riparian zones are overhanging banks. Overhanging banks provide cover for fish and influences stream morphological processes. In a study of eight small streams in southeast Wyoming, Wesche et al. (1987) found that overhanging banks were the most important cover type for trout. Also, vegetation on overhanging banks slows water flow and promotes deposition (Clifton 1989). Thus loss of overhanging banks from breaking and sloughing not only reduces an important component of fish habitat but also influences factors of stream morphological processes.

A study of Rock Creek, Montana showed that a grazed area had an inferior fishery compared to an ungrazed area (Marcuson 1977b). In estimates of trout biomass, the ungrazed area yielded 317% the trout biomass per acre than the grazed area. The grazed areas actually supported greater numbers and more biomass because of the large numbers of whitefish and suckers present.

Prior to exclusion of cattle, rough fish composed 88% of the fish population of Otter Creek, Nebraska (Van Velson 1979). After exclusion, rainbow trout composed 97% of the population. Similarly, ratios of brown trout to rough fish steadily improved by the removal of grazing animals and streambank improvements in Blue Creek, Montana (Marcuson 1969).

Impacts to stream habitat from cattle grazing will ultimately impact fish populations. Keller and Burnham (1982) reported trout species preferred the habitat in ungrazed areas compared to grazed areas in all habitat types sampled.

Dissolved oxygen levels can be impacted from grazing because of nutrients contributing to the process of eutrophication (Hubert et al. 1992). The Department of Environmental Quality has designated specific standards for dissolved oxygen levels for fisheries based on dissolved oxygen levels necessary for viability of different life stages. The standard deems that human activities may not introduce wastes harmful to aquatic organisms into waters.

The impacts from livestock grazing to soils and soil movement.  

The primary mechanism by which sediment is delivered to streams is overland flow of precipitation (Foster and Meyer 1977, Meehan et al. 1977). This run-off mobilizes eroded soil particles and carries them into streams. Subsurface flow can deliver sediment but because velocities are low, this process is of little consequence (Statham 1977).

Many factors influence the quantities of soil that will erode and be mobilized by run-off, including climate, topography, ground cover, and soil (Foster and Meyer 1977). The activities of large ungulates alters the functions of ground cover in protecting water quality and also changes soil properties (Hubert et al. 1992).

Vegetation influences hydrological processes including infiltration, interception of surface run-off erosion and deposition of soil components (Smeins 1975). Ground cover acts to protect the soil from the erosional forces of rainfall (Branson and Owen 1970, Buckhouse 1984a). Vegetation protects the soil by either preventing precipitation from reaching the soil or by buffering the impact of the rain drops. Upland vegetation can trap sediment mobilized by run-off. Bare soil not bound by vegetation nor protected from rainsplash by vegetation or litter, is more susceptible to erosion. The impact of rainsplash is higher on soils that are not protected by vegetation (Barrett 1984). The velocity of run-off is slowed by vegetation allowing more time for absorption. Vegetation also increases soil permeability allowing more water to penetrate (Statham 1977).

Soil properties also determine its erodibility. Moisture content, bulk density, and soil infiltration rates affect how efficiently precipitation will be absorbed rather than becoming surface run-off (Buckhouse 1984a). Trampling by large grazing ungulates compacts the soil, increasing bulk density of soil. The resulting lowered infiltration rates cause increased run-off and erosion.


Consumption and trampling by large ungulates reduces plant vigor and vegetative production (Winegar 1977). Decreasing vegetation negates the functions that vegetation preforms in preventing soil loss (Packer 1953). The ability of vegetation to binding soil, reduce rainsplash, and trap sediment is reduced by large ungulates.

The riparian zone impacts from grazing activities are more profound than in the uplands because it is the last terrestrial area that run-off crosses before entering the stream (Bohn and Buckhouse 1985a). Trampling and vegetation consumption reduces the effectiveness of the riparian vegetation's ability to trap sediment from upland runoff.

When activities of ungulates make soil available for transport in the riparian zone, the soil particles have a shorter physical distance before they reach the stream, thus they are more likely to enter the stream (Hubert et al. 1992). As in the upland, trampling in the riparian zone compacts soil, reducing infiltration rates. But because riparian soils tend to be moister due to the high water table, flatness of the floodplain, and water received from the upland, they are more prone to compaction (Bohn and Buckhouse 1985b). 

Soil compaction can interfere with the water storage function of riparian zones (Lowrance et al. 1985).

As with sediment delivery, dung deposition in the riparian zones means a short physical distance that it must be mobilized (Hubert et al. 1992). Thus increasing the likelihood that it will contribute to bacteria and nutrient levels of the stream. During periods of high run-off, streams that have exceeded bank full conditions wash dung from the riparian zone, increasing the amount of bacteria (Skinner et al. 1984) and nutrients delivered to the stream.

Soil structure is changed by trampling of large ungulates (Bohn and Buckhouse 1985b). The weight of ungulates causes soil compaction which increases the bulk density of the soil and reduces infiltration rates (Rauzi and Hanson 1966). Run-off rates are altered by these changes to soil. The combination of trampling and vegetation removal by grazing ungulates changes the amount of bare soil exposed to precipitation (Packer 1953). This can result in increased amounts of soil loss to erosion (Toy and Hadley 1987).

Livestock grazing is related to run-off, erosion, and sediment (Packer 1953, Van Haveren et al. 1985, Platts and Meehan 1977). The parameters that influence run-off, including soil bulk density, infiltration rates, and ground cover are also affected by cattle grazing and trampling (Rauzi and Hanson 1966). In a northern Colorado riparian zone, Leininger and Trlica (1986) found that bulk densities averaged 21% higher in areas grazed by livestock versus protected areas. Buckhouse et al. (1977) and Sartz and Tolsted (1974) noted improved infiltration rates.

A study by Rauzi and Hanson (1966) evaluated the influences of grazing levels and vegetation cover on water run-off in mixed prairie in South Dakota. They found that water intake rate decreased as grazing intensity increased and that annual run-off was greatest from heavily grazed watersheds and least from lightly grazed watersheds. Differences in soil bulk density and soil pore space between the grazing levels were significant. The authors concluded that heavy grazing can change soil properties including decreasing the pore spaces and increasing bulk density.

In the Badger Wash Basin of western Colorado, Lusby (1970) found that run-off was directly related to the amount of bare soil. Grazed watersheds were compared to watersheds where cattle and sheep were removed. After 2 years, the grazed watersheds averaged 30% more run-off than the ungrazed. Also the ungrazed watersheds yielded 45% less sediment. The greatest differences in sediment were noted after 3 yr of cattle exclusion, with the grazed watersheds averaging 51% more run-off than the ungrazed watersheds (Lusby et al. 1971). In a southwestern Wisconsin study, Sartz and Tolsted (1974) also reported reduced run-off levels following 3 years of cattle exclosure. In a canyon section of Buffalo Creek, Wyoming, Rockett (1974) observed that the number of silt bars increased, and silt covered riffle gravel and filled in pools, in an area grazed by cattle. 

The impacts from livestock grazing to wildlife and available wildlife habitat.  

As with dietary overlap, it is likely that behavioral interactions between livestock and wildlife modify the use of the landscape by wildlife (Hubert et al. 1992). This is important because the use of riparian zones by wildlife could be influenced by livestock (Ibid.).

Behavioral interaction between livestock and elk could influence the degree of impacts on riparian zones (Hubert et al. 1992). Several studies have found that elk avoid livestock and human activities. Lyon and Ward (1982) noted that elk will avoid sheep herds, especially if a herder is present. Stevens (1966) also noted the avoidance of sheep by elk. A study by Knowles and Campbell (1982) found that elk avoid pastures being grazed by large concentrations of cattle. Even after cattle were removed the elk avoided the heavily grazed pastures.

In the Pole Mountain area, Wyoming, Ward (1973) and Ward et al. (1973) found that elk and cattle appeared to be compatible when forage was adequate. Elk were observed grazing in close proximity to cattle and using the same salt licks. Most other studies show that elk are repelled by cattle.

Interspecific competition between mule deer and livestock may influence the degree of impacts that mule deer have on riparian zones (Hubert et al. 1992). Mule deer diets overlap very little with either cattle or sheep (MacCracken and Hansen 1981). At Douglas Mountain, Colorado, Hansen et al. (1977) found that cattle dietary overlap with mule deer was very low (4%). Hubbard and Hansen (1976) noted a dietary overlap of < 11% in the Piceance Basin, Colorado.

Besides the use of different forage, mule deer and livestock also differ spatially. McLean and Williams (1982) stated that mule deer preferred the steeper terrain than cattle. Allen (1968) stated that competition with mule deer would be insignificant because mule deer use uplands while cattle prefer bottomlands. Berg and Hudson (1982) reported similar results.

Mule deer appear to be repulsed by the presence of cattle and prefer to forage in areas not grazed by cattle (Austin et al. 1983, Austin and Urness 1986). McIntosh and Kraussman (1982) reported that mule deer observations decreased when cattle were introduced. Dusek (1975) noted the avoidance of cattle by mule deer in areas of duel usage. Cattle may limit deer usage of an area by removing needed cover (Crouch 1982, Bowyer and Bleich 1984).

Allen (1968) found that dietary overlap of white-tail deer and cattle was high, particularly in the winter. Because both animals have a strong affinity for bottomlands the possibility for competition for habit is high.

Behaviorally, white-tail deer avoid cattle. In an study of white-tail deer and cattle, deer avoided encounters with cattle at a watering facility (Prasad and Guthery 1986). Deer may avoid riparian areas where cattle have reduced the amount of cover for deer, by trampling and breaking of vegetation (Loft et al. 1987).
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