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EXECUTIVE SUMMARY 
 

This document is a companion to the Conceptual Framework and Protocols for Conducting 
Multiple Scale Aquatic, Riparian, and Wetland, Ecological Assessments (Winters et al. 2004).  It is  
part of the Species Conservation Project for the USDA Forest Service Rocky Mountain Region 
(Region 2).  This project was initiated with support and funding from the Regional Leadership Team 
to address species viability and ecological sustainability in a defensible and consistent manner 
throughout Region 2.  While this process is meant to be adaptive to new and improved scientific 
information, the goal is to provide consistency on a multiple scale basis.  The aquatic, riparian, and 
wetland assessments can be successful if all administrative levels of the USDA Forest Service strive 
to meet this goal cooperatively both internally and with external peers. 
 

Anthropogenic influences are a critical part of evaluating aquatic, riparian, and wetland 
ecosystems.  Administrative boundaries such as National Forest boundaries may not illustrate the 
range of conditions and influences that need to be addressed across the Region.  Therefore, this 
document identifies and describes how to consistently measure anthropogenic influences at multiple 
scales and how to address these influences across National Forest boundaries.  This information will 
provide valuable data for management decisions at the Forest plan and project level. 
 

In order to conduct a thorough assessment of aquatic, riparian, and wetland ecological condition, 
quantification of the influence of Euro-American settlers is important.  However, the full extent 
(both spatially and temporally) of the impacts has rarely been quantified.   Therefore, this document 
provides a comprehensive list of land-management activities that have influenced aquatic, riparian, 
and wetland ecosystems.  Some of these activities occurred primarily before the establishment of the 
U.S. Forest Service, such as beaver trapping and logging tie drives, while others are contemporary 
such as extensive development of ski resorts and off-highway vehicle recreation within the Forest 
Service boundaries.  All these activities have influenced the land, and therefore need to be identified 
and understood if we are going to fully assess the valuable aquatic, riparian, and wetland resources 
within Region 2 of the U.S. Forest Service. 
 

This document provides a consistent way of analyzing and presenting results that are both 
defensible and understandable.  The intent is to present analyses that can be utilized by National 
Forests and Grasslands as a means to understand the relative importance of an activity across the 
landscape.  By using metrics that are comparable (e.g., road miles/stream mile/watershed), variables 
such as different size hydrologic unit boundaries (HUBs) become unimportant.  This information 
should be valuable at all levels of planning and for proactive program development for Forest and 
District specialists. 
 

In addition to individual activity analysis, two techniques are defined to address additive 
influences.  The first technique uses the agglomerative cluster analysis approach, which provides a 
statistically valid grouping of combinations of activities for each small watershed or HUB.  The 
second approach, which is not statistically rigorous, provides a visual representation of “cumulative 
rankings” of appropriate groups of activities.  This approach provides a valuable tool to use in forest 
planning and project level discussions and identifies 6th level HUBs that should be evaluated further 
at the reach/site scale. 
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CHAPTER 1 
Introduction 

 
The purpose of this document is to provide 

an understanding of the types of management 
influences, and spatial and temporal scales of 
activities that should be considered in an 
ecological assessment. In addition, 
measurements are identified that we 
recommend to help analyze the primary 
management and/or anthropogenic activities 
in the Rocky Mountain Region (Region 2) of 
the U.S. Forest Service that influence aquatic, 
riparian, and wetland resources.  
     The goal of this document is to identify 
management activities that have influenced 
aquatic, riparian, and wetland resources 
throughout most of Region 2 and address their 
influence in a consistent manner. Consistency 
is important for this effort because we are 
addressing influences that can be quantified 
and compared throughout the Rocky 
Mountain Region of the Forest Service.  
Historically, individual administrative units 
(e.g., National Forests) have conducted their 
own analysis, often in deference to adjacent 
units.  These inconsistent analyses are often 
inadequate to address ecosystem 
sustainability and population viability, 
because they are not conducted at appropriate 
scales.  For example, if a native cutthroat 
trout inhabits a river basin that three 
National Forests are located in, each Forest 
may address limiting factors such as stream 
fragmentation independently of the other 
units.  Their results may not accurately 
describe fragmentation throughout the 
cutthroat trout’s range.   

We chose not to include isolated activities 
that should be addressed at a fine or 
reach/site scale.   However, the scales we are 
addressing should help prioritize reach/site 
level analysis as well as provide valuable 
information for management decisions at 
other scales.  Therefore, all potential 
anthropogenic activities that have or will 
affect aquatic, riparian, and wetland resources 
are not addressed in this document.   

This document is a companion document 
to the Conceptual Framework and Protocols 

for Conducting Multiple Scale Aquatic, 
Riparian and Wetland, Ecological 
Assessments (Winters et al. 2004) and part of 
the Species Conservation Project for the Rocky 
Mountain Region (Region 2). 

We believe that the 24 management 
activities, defined in seven different use 
categories, encompass the majority of 
influences found in the Rocky Mountain 
Region of the Forest Service (table 1.1). These 
activities will be addressed individually, and 
at the appropriate scales in this report.  The 
history, positive and negative influences, and 
measurement criteria will also be 
documented.  The seven different use 
categories were identified to start a process of 
“linking” activities with similar influences on 
aquatic, riparian, and wetland resources.  
This is the first step in addressing the 
additive influences of multiple activities on a 
particular resource.  If other activities are 
identified at a specific location, they certainly 
should be evaluated in the context of the 
multiple-scale assessment process.  We expect 
that in the future we will learn more about 
addressing the measurements of these 
activities at different scales.  Therefore the 
protocol is a living document and will be 
modified to include these future observations.  
It is with this understanding that we see this 
assessment as a dynamic process. 

The effects of anthropogenic activities on 
aquatic, riparian, and wetland resources have 
been identified for several categories of 
important attributes of aquatic, riparian, and 
wetland ecosystems (fig. 1.1).  One example of 
a specific effect is how railroads influence 
riparian and wetland function.  Development 
of railroad prisms within the valley bottom 
could have a pronounced effect on soil 
movement, subsurface water flow, and 
vegetation.  For each category of effects, the 
potential influence of that particular 
anthropogenic activity will be explained.    
The effects analysis in each chapter discusses 
effects whether they are arguably direct or 
indirect. 
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Table 1.1.  Twenty-four anthropogenic activities and seven use categories identified for analysis of the aquatic, 
riparian, and wetland ecosystem assessments. 

 
USE CATEGORY* ACTIVITY** USFS 

JURISDICTION*** 
TEMPORAL 

CONTEXT**** 
    

Water Use Stream Diversions Yes H/C/F 
Water Use Reservoirs Yes H/C/F 
Water Use Ditches Yes H/C/F 
Water Use Transbasin Diversions Yes H/C/F 
Water Use Spring Development Yes H/C/F 

    
Transportation Roads Yes H/C/F 
Transportation Trails Yes H/C/F 
Transportation Railroads Yes H/C/F 
Transportation Off Road Vehicle Use Yes C/F 

    
Recreation Developed Recreation Yes H/C/F 
Recreation  Dispersed Recreation Yes H/C/F 
Recreation Ski Area Development Yes H/C/F 

    
Biological  Invasive Species Yes H/C/F 
Biological Beaver Removal Yes H/C/F 
Biological Pesticide Yes H/C/F 

    
Mineral Extraction Hardrock & Placer Mining Yes H/C/F 
Mineral Extraction Energy Development Yes H/C/F 

    
Vegetation 

Management Livestock Grazing Yes H/C/F 

Vegetation 
Management Large Wild Ungulates Yes H/C/F 

Vegetation 
Management 

Commercial  
Timber Harvest 

Yes H/C/F 

Vegetation 
Management Natural & Prescribed Fire Limited H/C/F 

Vegetation 
Management Tie Drives Yes H 

    
Urbanization Transmission Corridors Yes H/C/F 
Urbanization Urbanization Limited H/C/F 

*        Resource use category related to aquatic, riparian, and wetland resources. 
**      Management activity to be addressed. 
***    Does the U.S. Forest Service have the ability to influence the activity with current mandates? 
****  Historic activities having current effects on aquatic, riparian, and wetland resources (H/C); current activities 
affecting aquatic, riparian and wetland resources (C/C); current activities that will have ongoing effects to aquatic, 
riparian, and wetland resources (C/F). 
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Anthropogenic influences are addressed at 
the same scales as the ecological driver 
analysis (Winters et al. 2004, fig. 1.1).  In 
order to analyze comparisons between 
ecological driver sensitivity, risk and 
abundance, and the individual or additive 
influences of anthropogenic activities, it is 
imperative that we examine each at the same 
scales.  For this reason, we have included 
tables of evaluation criteria for each 
anthropogenic activity.  The tables are divided 
into the three scales (basin, landscape, and 
management) with identified measurements 
to be analyzed in the assessments.  In 
addition, we have provided guidance on 
considerations that should be taken when 
“stepping down” to the reach/site scale.  This 
process provides a logical sequence for 
analysis necessary at all scales.  For the basin, 
landscape, and management scales, specific 
measurements have been identified for 
measuring the influence of the particular 
activity.  We have chosen measurements 
based on several characteristics, including the 
ability: 

 
1) To quantify them appropriately at each 

scale. 
2) To be consistent between Forest Service 

units. 
3) To be defensible when considering the 

influence that the appropriate activity has 
on aquatic, riparian, and wetland 
resources. 

 
Ultimately, the relationship between 

ecological drivers, anthropogenic influences, 
and species or ecosystem needs will help the 
USDA Forest Service develop strategic 
management direction for aquatic, riparian, 
and wetland resources (fig. 1.2).  This process 
is done through a synthesis that is conducted 

in conjunction with a panel of external experts 
that participates in the assessment.  By using 
USFS specialists and the external team 
members, more useful information on the 
accuracy, precision, and expected outcome is 
thoroughly addressed. This process is 
discussed in more detail in Winters et al. 
(2004). 

While this process is meant to be dynamic 
in nature, an overriding principal is that we 
address these influences at different scales 
than the administrative boundaries.  
Therefore, consistency throughout Region 2 is 
important for the success of this project.  This 
consistency should provide specialists and 
managers with a much larger data set than 
would be possible if addressing the same 
topics at a District or Forest level.  This 
process will have major implications when 
developing ‘reference conditions’ as well as 
‘ranges of effects’ on a particular unit.   

Specific pathways and data used for the 
geographic information system (GIS) portion 
of this process are presented in an appendix 
by Staley (2003).  This appendix was prepared 
in order to facilitate a consistent approach to 
data use and analysis.   

Lastly, defensibility must be maintained 
throughout this process, both at the forest 
planning, project planning, and 
implementation levels.  While there will be 
data gaps and uncertainty in this process, it is 
up to resource specialists implementing this 
protocol to ensure that we are meeting the 
scientific rigor necessary to manage aquatic, 
riparian, and wetland ecosystems.  A close 
working relationship between individual 
National Forests and the Regional Office staff 
is critical in maintaining the consistency and 
defensibility, while maintaining an adaptive 
philosophy that will ensure the success of this 
project. 
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Figure 1.1.  Flowchart of the anthropogenic activity assessment. 
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Figure 1.2.  Pathway of analysis for identifying watersheds, which meet Species A, needs for residual pool 
depths.
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CHAPTER 2 
Water Use Category  

 
Stream Diversions  
 
Introduction 
 

Stream diversions are physical structures 
or stream channel modifications designed to 
transport water out of a natural stream 
channel.  Early settlers built stream 
diversions for a variety of purposes.  Stream 
diversions were probably built soon after 
Euro-American settlers came to the western 
United States (Wohl 2001).  The primary 
usage for diverted water in the 1800s was for 
mining and agricultural related activities.  
Irrigated water was necessary to water crops 
in the region’s arid climate, and diverted 
water was used for sluicing and other mining 
applications.  As the population in the Rocky 
Mountains increased dramatically in the late 
1800s and early 1900s, additional diversions 
were built for other uses including; grain 
mills, hydroelectric power, fish hatcheries, 
water supplies, wastewater treatment 
facilities, and the transportation of logs to 
mills (tie drives).  By 1883, the Poudre River 
Valley in eastern Colorado was described as 
being “one vast network of irrigating canals” 
(Wohl 2001).   

Increasing municipal and recreational 
demands (e.g., snowmaking) in the Rocky 
Mountains have begun to strain water 
supplies.  For example in 1970, nineteen times 
the actual annual water yield of the South 
Platte River system in Colorado was 
appropriated for human use, with more than 
half of this used for agricultural purposes 
(Wohl 2001).  Municipal uses have comprised 
a higher percentage of the actual water use in 
many areas of the Rocky Mountains as the 
population continues to grow dramatically.  

Although individual diversions can be 
quite small, the cumulative nature of 
numerous diversion withdrawals can be 
dramatic.  These cumulative changes are often 
quite evident in the lower reaches of a river 
system. For example, in the South Platte 
River in Colorado, the stream reaches 
downstream of the City of Denver exhibit 

channels that are now one-fourth to one-
twentieth as wide as they were in the 1800s 
(Wohl 2001).  Upstream water use has also 
affected the Platte River system in Nebraska 
by dramatically changing channel geometry, 
channel dimensions, and riparian vegetation. 

 

 
 
Photo 2.1.  A stream diversion structure (Photo 
courtesy of Pete Gallagher). 
 

Stream diversions can severely affect 
aquatic, riparian, and wetland resources.  For 
example, stream-spanning structures that 
divert water can produce migration barriers 
for aquatic biota. Although natural barriers 
are frequently present in river systems, they 
are often ephemeral or not abundant enough 
to cause species to decline.  In contrast, 
addition of artificial barriers (e.g., diversion 
structures) can fragment native fish 
populations, potentially reducing their genetic 
viability.   

The life histories of riparian and aquatic 
organisms are often closely linked to natural 
seasonal variation in hydrologic conditions.  
Diversions can decouple life history timing 
from the prevailing environmental conditions  
(Poff 1997; Richter et al. 1997).  In addition, 
organic debris and sediment can be trapped or 
diverted by diversions, impeding nutrient 
transport to organisms downstream and 
energy dynamics within the system.  Stream 
systems can be viewed as a “continuum” from 
the headwaters downstream, with upstream 
impacts influencing downstream processes 
(Vannote et al. 1980; Ward and Stanford 
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1982).  Diversions on Forest Service lands in 
the Rocky Mountains are typically located in 
headwater streams.  Suitable habitat is often 
limited in these streams, and is further 
restricted during the late fall, winter, and 
early spring months when flows are generally 
at their lowest and ice cover is present.  
Stream diversions can seriously reduce 
instream habitat for aquatic biota (Poff et al. 
1997).  Diversions during natural low flow 
periods can completely dewater streams, 
which directly affects the distribution and 
abundance of aquatic macroinvertebrates and 
fishes. 

Indirectly, stream diversions can influence 
channel geometry downstream.  Peak flows 
during the annual snowmelt runoff maintain 
stream channel, by moving sediment and 
scouring the streambed (Wohl 2000).  
Reduction of peak flows in low gradient, 
sinuous stream channels can cause channel 
narrowing, reduced channel capacity, and less 
overall instream habitat.  A classic example of 
flow modification and altered stream channel 
capacity is the Platte River in Nebraska.  
Once a wide, braided river with numerous 
sandbars shaped by high snowmelt runoff 
from the mountain areas to the west, the 
Platte has narrowed considerably since Euro-
American settlement so that it now has many 
single channel areas and abundant riparian 
vegetation (Wohl 2001). Physical changes 
resulting from diversion of high flows also 
affect the organisms that evolved under the 
historical conditions. 
 
Effects Analysis 
 

Potential effects of stream diversions on 
aquatic, riparian, and wetland resources 
include the following: 
 
Hydrology 
 
Effects 
1) Short and long term changes in the 

quantity and timing of stream discharge. 
 

Water Quality 
 
Effects 
1) Modification in nutrient and sediment 

transfer downstream. 
2) Increased erosion associated with 

structures. 
3) Increased erosion from modification of 

flow regime downstream. 
4) Increased water temperature as flows are 

reduced. 
5) Decreased dilution potential of other point 

and non-point pollutants. 
6) Changes in pH and other physico-chemical 

parameters, primarily in warm water 
streams. 

 
Riparian and Wetland Condition 
 
Effects 
1) Reduction in wetland communities 

downstream if dependent on instream 
flows. 

2) Conversion of riparian vegetation to 
upland vegetation, in streamflow 
dependant reaches. 

3) Soil moisture and associated community 
change of organisms. 

4) Encroachments of riparian vegetation as 
sediments accumulate near stream banks. 

 
Channel Condition 
 
Effects 
1) Imbalances of sediment regime as 

sediments are trapped upstream of 
diversion structures, resulting in 
downstream erosion. 

2) Lack of channel-maintenance flows can 
result in channel “narrowing” in 
depositional, low gradient reaches. 

3) Bank instability and erosion if release 
flows are erratic and not in balance with 
channel morphology. 

4) Pools and low velocity areas of the channel 
can be filled in with sediments if they are 
not scoured, resulting in more 
homogenous stream channels.   
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Biotic Condition 
 
Effects 
1) Inability for stream organisms to migrate 

up and downstream (habitat 
fragmentation). 

2) Competition of native fish with less 
desirable non-native fish species (e.g., 
native cutthroat trout with exotic brook 

trout) as conditions change in the stream 
channel. 

3) Direct loss of habitat of one or more life 
stages of aquatic organisms as flows are 
modified. 

4) Loss of habitat from sediment 
accumulation in low velocity areas. 

5) Entrainment of fish and other aquatic 
biota into ditches. 

 
Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin • Historical perspective on water use in basin as it relates to the area 

encompassing the National Forest/Grasslands boundary.* 
 
 
Landscape  
(4th level HUB) 

• Comparison of the total number of diversions within and outside of the 
National Forest/Grasslands boundary and within each 4th level HUB.* 

• Comparison of diversion density (# diversions/stream mile/4th level HUB on the 
administrative unit).* 

• Seasonality of use.* 
• Historical construction dates.* 

 
 
Management 
(6th level HUB) 

• Total number of diversions/stream mile/6th level HUB.** 
• Season of use/6th level HUB.* 
• Amount of water appropriated/total water yield/ 6th level HUB.** 
• Percent of diversion reach downstream of diversion (stream length in miles 

from point of diversion to first permanent stream input/total permanent 
stream miles / 6th level HUB).** 

 
 
 
 
Reach/site 

• Daily, monthly or seasonal deviation from natural hydrograph. 
• Species-specific life history analysis (e.g., Instream Flow Incremental 

Methodology, etc.). 
• Channel, wetland and riparian maintenance needs based on channel 

morphology. 
• Analysis of terrestrial plants and animals dependant on instream, wetland, 

and riparian flow needs. 
• Water quality related measurements identifying changes to natural conditions 

(e.g., water temperature). 
• Channel morphology changes downstream of existing diversion structures, and 

potential changes associated with proposed projects.  
*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 

Management Implications 
Diversions are a management activity 

that can be either very detrimental to a 
variety of aquatic, riparian, and wetland 
resources, have a minimal impact, or a 
positive effect if located and constructed 
correctly.  Planning for water diversion 
construction and placement may have 
incorporated little ecological thought in the 
past, but today we have the ability to ensure 
ecological sustainability while meeting human 
demands.  New designs for diversion 
structures that allow migration of aquatic 
biota, methods to determine instream flow 
needs of aquatic, riparian, and wetland 

resources, and site location all can lead to a 
balance between human and resource water 
needs.  Evaluation of existing structures 
(some in place for decades) could result in 
benefits to aquatic, riparian, and wetland 
resources while having minimal influences on 
existing human uses.  While the size of a 
diversion structure may be relatively small on 
the landscape, the influence to aquatic, 
riparian, and wetland resources may be very 
large if the appropriate issues are not 
addressed.  
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Reservoirs 
 
Introduction 
 

Reservoirs have been constructed in the 
Rocky Mountains for recreation, power 
production, snow making, and flood control 
but the predominant use for reservoirs has 
been for agriculture and municipal 
consumption (Wohl 2000).  Reservoirs were 
constructed as early as the mid-1800s to help 
facilitate the timing of downstream flows to 
coordinate with the agricultural growing 
season.   

Much of the surface water in the Rocky 
Mountains comes from annual snowmelt 
runoff from mountain areas.  Consequently, 
large volumes of water are produced in the 
late spring and summer months, whereas 
flows are minimal (e.g., baseflow) during the 
remainder of the year (Wohl 2000).  Thus, 
there is a relatively short period of time that 
‘excess’ water is available in the stream 
system, while demand for this water extends 
throughout the year.  The construction of 
reservoirs and subsequent water storage 
allows for a more “controlled environment”, 
where water can be stored to meet the 
demands of downstream users.   Reservoir 
construction has increased in concert with 
population growth along the Rocky Mountain 
Front Range. For example, by 1977, there 
were 183 reservoirs in the South Platte River 
Basin.  Reservoirs were constructed west of 
the Continental Divide to meet local 
municipal and agricultural needs, but many 
reservoirs have been built to store water that 
is subsequently shipped east of the Divide via 
transbasin diversion structures.   
 

 
 
Photo 2.2. A reservoir in the Rocky Mountains. 
 

Reservoirs can have both beneficial and 
detrimental effects on aquatic, riparian, and 
wetland resources.  Dams clearly have an 
immediate influence on local conditions, and 
can influence resources many miles in either 
direction.  The most noticeable influence of 
dams is the water that is accumulated behind 
its dam.  This standing water displaces the 
stream’s riparian or wetland areas and 
creates a totally different environment.  As 
the dam fills, riparian vegetation and plant 
diversity is reduced.  Animal diversity can be 
increased or decreased, depending on the 
system.  For example, stream aquatic 
invertebrate and algae communities are 
replaced with lake benthos, zooplankton, and 
phytoplankton.  While many salmonids can 
exist in reservoirs, some fish species like 
darters (Percidae) and sculpins (Cottidae) 
cannot tolerate the conditions found in 
standing water (Baxter and Stone 1995). 

While some native species of plants and 
animals may not be able to tolerate the 
conditions created by reservoirs, some non-
native species may thrive under those 
conditions, resulting in competition and/or 
replacement of native species.  Many 
reservoirs in the Rocky Mountains are now 
dominated by non-native species of fish.  
While many of these species were planted to 
increase recreational opportunities, several, 
including the common carp (Cyprinus carpio) 
are undesirable in many areas (Baxter and 
Stone 1995).  The influence of other non-
native species, such as crayfish (Decapoda), 
mollusks (Mollusca), and bullfrogs (Rana 
catesbeiana) may also be significant. 

Dams create barriers to migration of 
aquatic organisms (Ward and Stanford 1982).  
Populations of fish and other aquatic biota can 
be isolated upstream of reservoirs, limiting 
gene flow and potentially affecting population 
viability. In addition, the inability of fish to 
migrate upstream of a dam can limit their 
ability to reach critical spawning habitat.  
Overall, dams can severely fragment 
populations of mobile aquatic organisms, 
effectively creating a series of isolated 
communities. 

The negative effects of reservoirs on 
downstream water quality are well 
documented (Wohl 2001; Allen 1995; Ward 
and Stanford 1982; Hynes 1970).  In addition, 
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the disruption of the nutrient, sediment, and 
woody debris transport can influence 
conditions downstream. For example, 
reservoirs act as nutrient and sediment 
‘sinks’, limiting the downstream transport of 
these materials (Ward and Stanford 1982). 
When sediment is sequestered in reservoirs, 
downstream stream reaches may begin to 
erode their banks and scour their channels.  
Reservoirs also trap large woody debris, which 
keeps them from reaching downstream stream 
segments where they would normally 
influence channel and riparian form and 
function (Maser and Sedell 1994).   

Dam structure and operating practices 
also affect downstream processes. The 
temperature and nutrient content of water 
exiting reservoirs may depend on whether 
water is released from the bottom or top of the 
dam.  These effects can be dramatic, and 
algae, benthic macroinvertebrate, and fish 
communities can be altered significantly 
(Maser and Sedell 1994).  Bottom release 
reservoirs can increase trout production in 
reaches downsteam from reservoir dams 
because temperature fluctuations are 
stabilized and food supply increases.  
However, erratic flows, gas supersaturation, 
and reduced spawning success due to low 
water temperatures can sometimes counteract 
the positive influences. 
 
Effects Analysis 
 

The effects analysis for reservoirs will only 
include inundation and barriers to movement.  
Water quality effects downstream of the 
reservoir are highly variable and should be 
addressed at the reach/site scale.  Upstream 
population viability concerns will have to be 
addressed on a species-specific case due to 
population size criteria for individual species.  
Invasive species issues will be addressed in 
another section. 
 
Hydrology 
 
Effects 
1) Modification of hydrology downstream of 

the dam, including change of timing and 
quantity of flows if diversion is involved. 

2) Altering the stream segment upstream of 
the dam to a lentic environment. 

3) Change in groundwater adjacent to dam 
and reservoir as pressure from 
impoundment increases. 
 

Water Quality 
 
Effects 
1) Summer warming and winter cooling of 

water temperatures from surface-release 
reservoirs. 

2) Fairly constant, but generally summer 
cooling and winter warming from bottom-
release reservoirs. 

3) Change in nutrients and organic material 
downstream of dam. 

4) Elimination of large woody debris 
recruitment from upstream watershed. 

5) Reservoir can act as “sink” for pollutants 
such as heavy metals from upstream 
mining activities. 

6) Suspended sediment dramatically reduced 
downstream of reservoir. 

 
Riparian and Wetland Condition 
 
Effects 
1) Loss of riparian and wetland vegetation 

and soils (e.g., channel widening) and loss 
of reproduction potential (e.g., loss of seed 
beds) in inundated section upstream. 

2) Loss of vegetation regeneration (e.g., 
cottonwood trees) if flooding is excluded 
downstream. 

3) Loss of riparian vegetation downstream if 
channel widens or downcuts. 

4) Creation of wetlands associated with 
flooding upstream of dam and seepage 
downstream from dam. 

 
Channel Condition 
 
Effects 
1) Channel adjustment (e.g., increased 

width/depth ratio, reduced sinuosity, 
increased gradient), substrate size 
modification, bank erosion, channel 
incision, and downcutting downstream of 
dam. 

2) Reduced habitat for aquatic, riparian, and 
wetland biota as woody debris is removed 
and width-depth ration increases 
downstream of dam. 

3) Loss of stream channel upstream of dam. 
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Biotic Condition 
 
Effects 
1) Increased habitat for non-endemic species 

associated with reservoir.  

2) Modified algae, benthic macro-
invertebrates, and fish populations 
downstream of dam. 

3) Increased or decreased biomass of algae, 
benthic macroinvertebrates, and fish 
populations downstream of dam. 

 
 
Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin • Descriptive, historical context, including construction dates.* 
 
Landscape 
(4th level HUB) 

• Ratio of dams per stream mile within and outside National Forest boundary 
for each 4th level HUB.** 

• Comparison of dam density between 4th level HUBs within Forest 
boundary.** 

 
 
Management 
(6th level HUB) 

• Miles of stream inundated /total stream miles/6th level HUB. ** 
• Number of dams /total stream miles/6th level HUB. ** 
• Density of stream miles influences downstream (miles influenced to outside 

boundary of management scale /stream mile/6th level HUB). ** 
• Density of wetlands inundated (acres inundated/total wetland acres/6th level 

HUB). * 
 
 
 
Reach/site 

• Quantitative analysis of sediment transport dynamics downstream. 
• Deviation of dam discharge from historic hydrologic regimes. 
• Changes in groundwater hydrology influencing riparian and wetland 

ecosystems. 
• Changes in biotic community. 
• Changes in instream habitat. 
• Changes in water quality. 
• Changes in wetland and riparian habitat both upstream and downstream. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
 
 
Management Implications 
 

Reservoirs have been a valuable tool for 
managing the quantity of water needed for 
downstream use.  As the population increases 
along the Front Range of the Rocky 
Mountains, more interest is going to be shown 
for developing water within the National 
Forest boundaries. 

Because reservoirs can influence a wide 
variety of aquatic, riparian, and wetland 
resources, both at the reservoir site and 

upstream and downstream, special attention 
is made when addressing future reservoir 
construction.  While building new reservoirs is 
expensive, there is some interest in increasing 
the size of existing structures, in order to 
facilitate flow modifications throughout the 
year.  In order to assess the effects of new or 
modified reservoir construction, a full 
knowledge of the implications to aquatic, 
riparian, and wetland resources in and 
outside of the project area should be 
conducted.
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Water Transmission Ditches  
 
Introduction 

 
Water transmission ditches are used 

primarily for the transport of water from one 
stream system to another, for the transport of 
water to some form of impoundment for later 
use, or for transport directly to the area where 
it is to be used.  These ditches have been 
important components of the infrastructure 
that permitted Euro-American settlers to 
mine, ranch, and farm in the National Forests 
and Grasslands of the western United States 
(Wohl 2001).  In some areas of the region, 
particularly the areas of southern Colorado, 
Native Americans practiced some forms of 
limited irrigation using water transmission 
ditches they constructed.  

Water transmission is directly dependent 
on the user holding water rights issued under 
state law (Wohl 2001).  Many of these water 
rights, and in fact many of the ditches, 
predate the formation of the National Forests.  
There are few, if any, new water transmission 
ditches being developed on National Forest 
Service lands although there are occasionally 
changes in the point of diversion, re-alignment 
of ditches, and re-construction of either the 
ditches or ditch structures. 

Water transmission ditches have the 
potential to significantly affect aquatic, 
riparian, and wetland resources.  Ditches can 
change hydrology through water removals, 
which can range from minor to complete 
dewatering.  The ditches themselves are 
designed to follow generally along contours 
with a small gradient drop.  These ditches cut 
across slopes, intercepting overland and 
subsurface runoff, and disrupting natural 
runoff patterns.  The ditches disrupt sediment 
dynamics by transporting sediment from one 
system to another (Wohl 2001).  They may 
also be the vector for transport of invasive 
species or diseases.  Perhaps the greatest 
potential impacts result from ditch wall 
failures and/or improperly designed 
structures, which can produce erosion, 
increased sediment production, and reduced 
water quality.  While most ditches are not 
located directly in riparian or wetland areas, 
they frequently start and/or terminate in 

these areas, and they frequently run parallel 
to these habitats. 

  
 

 
 
Photo 2.3. A diversion ditch (Photo courtesy of 
Pete Gallagher). 
 
Effects Analysis 
 

The potential effects of water transmission 
ditches on aquatic, riparian, and wetland 
resources, taken primarily from Wohl (2001), 
include: 
 
Hydrology 
 
Effects 
1) Ditches intercept runoff (both surface and 

subsurface) and transmit that water out of 
the system, effecting flow regimes. 

 
Water Quality 
 
Effects 
1) Transport of sediment from one system to 

another effects natural sediment regimes. 
2) Ditch failures, landslides associated with 

leaks, or improperly designed structures 
may increase erosion and sediment 
production. 

 
Riparian and Wetland Condition 
 
Effects 
1) Ditches can cause changes in plant 

communities including the creation of 
riparian communities along the ditches. 
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2) Ditches can transport seed and seed 
propagules from one system to another, 
including the transport of invasive plants. 

 
Channel Condition  
 
Effects  
1) Landslides or debris flows associated with 

ditch leakage or failures can move directly 
into stream channels below ditches, 
resulting in a large sediment pulse, 
localized channel constriction, and 
potential downstream aggradation. 

2) Affected channels may exhibit changes in 
substrate composition due to sediment 

being captured and transmitted between 
stream systems. 

 
Biotic Condition 
 
Effects  
1) Transport of biotic organisms from one 

system to another (including disease). 
2) Death of aquatic organisms living in the 

ditch when flow is ceased. 
3) Changes in plant communities can cause 

alterations in avian or other animal 
populations. 

 

 
 
 
Measurement of Effects Table 
 
 

SCALE Evaluation Criteria 
 
Basin 

• Narrative description of historical and current water transmission ditches 
uses.* 

• Generalized information regarding extent and spatial distribution of water 
transmission ditches.*  

 
 
Landscape  
(4th level HUB) 

• Narrative description of historical and current water transmission ditches 
use/effects within and outside of the National Forest/Grassland boundary but 
within the associated 4th level HUB.** 

• Ratio of transmission ditches (miles/stream mile/4th level HUB) within and 
outside of administrative unit boundary.* 

• Ratio of transmission ditches (miles/stream mile/4th level HUB) between 4th 
level HUBs within National Forest boundary. * 

Management  
(6th level HUB) 

• Miles of ditches /stream mile /6th level HUB.** 

 
 
Reach/site 

• Inventory of ditch locations, sizes, water transmission amounts and timing. 
• Inventory of problem areas (ditch failures, runoff interception, stream 

crossings, improper drop structures). 
• Invasive species inventory associated with ditch location and function. 
• Water quality effects on receiving streams (also associated with ditch failures). 
• Draining and/or influence on adjacent wetlands and riparian areas.  

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
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Management Implications 
 

The maintenance status of water 
transmission ditches is an important factor 
when considering aquatic, riparian, and 
wetland resources. Abandoned ditches are 
frequently a cause of landslides, erosion, and 
serious impacts to aquatic, riparian, and 
wetland ecosystems.  Frequently, the 
responsible party has not been identified and 
the status of the ditch is unknown.  Even for 
active ditches, the maintenance practices are 
critical in ensuring that effects are minimized 
by providing for prevention of ditch failures, 
proper management of sediment, and where 
feasible, ensuring that captured overland or 
subsurface flow is returned to the natural 
drainage patterns.  Intakes to ditches could be 
screened to prevent entrainment of fish. 
 
 
Transbasin Diversions 
 
Introduction 

 
Transbasin diversions have been built in 

the Rocky Mountains since the mid-1800s, 
and are an important and efficient way to 
transport water from one basin or river 
system to an adjacent one (Wohl 2001).  As the 
region’s population increased and agriculture 
expanded, water projects were built to 
transport water from west to east of the 
Continental Divide.  Transbasin diversions 
typically move water through tunnels under 
the basin divide or through ditches 
intercepting tributaries on one side of the 
divide and transporting it around mountain 
peaks into another. As of 1992, water users on 
the east side of the continental divide had 
constructed 37 transmountain diversions in 
the South Platte River Basin alone (Wohl 
2001).  These diversions collectively remove 
and transport more than 650,000 acre-feet of 
water from rivers west of the divide and 
transport it to rivers east of the divide.  
Although this example is probably extreme for 
the entire Rocky Mountain Region, 

transmountain diversions are prevalent 
throughout the region. 

Transbasin diversions can have impacts 
similar to other diversion structures and 
transmission ditches.  In addition, they add 
‘new water’ to the receiving basin. Transbasin 
diversions can facilitate the invasion of non-
native fish and other non-desirable species of 
plants and animals can enter a system where 
they can replace native species.  Behnke 
(1979) found that several sub-species of 
cutthroat trout have been transported into 
other river basins where they would not 
normally occur.  These introduced cutthroat 
trout subsequently hybridized with the native 
sub-species of cutthroat trout, leading to a loss 
of genetic diversity in native populations. 

The diversion and transport of water from 
one watershed to another can result in 
physical, chemical, and biological changes to 
the receiving water body.  For example, these 
activities can cause channel erosion, increased 
sediment transport, and deposition in 
reservoirs and channels.  When the natural 
flow pattern of the receiving stream is altered, 
the ability to move stream channel material 
also changes (Wohl 2000).  Relatively steep, 
step-pool streams with large substrate may 
not be significantly affected by increased 
discharge, but lower gradient streams with 
smaller substrate can experience dramatic 
changes in channel geometry (Wohl 2001).  
Affected streams often exhibit elevated bank 
erosion, increased width-depth ratios, 
downcutting, and a dramatic loss in instream 
habitat for aquatic organisms.  Since these 
low gradient stream reaches tend to be the 
most productive reaches for aquatic organisms 
in Rocky Mountain streams, water 
augmentation from transbasin diversions can 
have a dramatic effect on stream biota.  
Moreover, chemical and microbiological 
contamination can result from transbasin 
water transport. 

Other elements of transbasin diversions 
effects are specifically addressed in the Water 
Use section under Stream Diversions and 
Water Transmission Ditches. 
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Photo 2.4.  Downstream of a transbasin diversion 
on the North Fork Lake Creek (Photo courtesy of 
Pete Gallagher). 

 

 
 
Photo 2.5.  Upstream of a transbasin diversion on 
the North Fork Lake Creek (Photo courtesy of Pete 
Gallagher). 
 
Effects Analysis 
 

Potential effects of transbasin diversions 
on aquatic, riparian, and wetland resources 
include the following: 
 
Hydrology 
 
Effects 
1) Increased water yield and stream flow 

during at least part of the year in the 
receiving basin (alteration of hydrograph). 

2) Decreased water yield and stream flow in 
the removal stream. 

 

Water Quality 
 
Effects 
1) Water quality is “transferred” from 

transferring basin (e.g., dissolved solids, 
pH) to the receiving basin. 

2)  Dilution or change of existing water 
quality characteristics (e.g., temperature, 
dissolved oxygen). 

3) Erosion from channel adjustments can 
increase sediment in receiving streams. 

4) Loss of nutrient retention from leaf litter 
being flushed out of the system due to 
increased stream power. 

 
Riparian and Wetland Condition 
 
Effects 
1) Loss of riparian and wetland vegetation 

and soils due to channel widening. 
 
Channel Condition 
 
Effects 
1) Channel adjustment (e.g., width/depth 

ratio, reduced sinuosity, increased 
gradient), substrate size modification, 
bank erosion, channel incision, and 
downcutting can occur in receiving 
stream. 

2) These channel adjustments can lead to 
general habitat simplification for aquatic 
species. 

 
Biotic Condition 
 
Effects 
1) Biota may be transferred across drainages 

(including disease such as whirling 
disease).  

2) Habitat simplification can lead to reduced 
standing stock and production of aquatic 
biota. 

3) Flow changes may be asynchronous with 
native species life-history changes. 
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Measurement of Effects Table
 

SCALE Evaluation Criteria 
Basin • Descriptive and historical information on construction dates and locations. * 

• Importance of transbasin diversions on Forest Service lands in relationship to 
river basin.* 

 
Landscape 
(4th level HUB) 

• Percent of 6th level HUBs with transmission loss and gain/4th level HUB within 
and outside of the Forest boundary. * 

• Miles of stream influenced (downstream)/total stream miles/4th level HUB 
within and outside of the administrative unit boundary. * 

 
 
Management 
(6th level HUB) 

• Miles of stream influenced/total stream miles/6th level HUB for receiving and 
removal watersheds. ** 

• Ratio of low gradient stream miles influenced (mile of low gradient 
influenced/mile of low gradient present/6th level HUB). ** 

• Change in seasonal water yield for both receiving and removal 6th level HUBs. * 
 
Reach/site 

• Quantitative analysis of sediment transport changes, deviation from historic 
hydrologic regimes, changes in groundwater hydrology influencing riparian 
and wetland ecosystems, temperature, vegetative species composition, change 
in instream habitat and complexity, and channel morphology. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 

 
 

Management Implications  
 

Transbasin diversions can have significant 
influences on both the depletion and receiving 
drainages.  New proposals for these activities 
on National Forest lands should be evaluated 
to ensure that the aquatic, riparian, and 
wetland resource values in the associated 
project areas are considered.  Analysis of 
potential impacts should include long and 
short-term effects both upstream and 
downstream of the immediate project area.  In 
addition, recreational and aesthetic impacts 
should be considered during evaluation.  Once 
transbasin diversions are constructed and 
function, it is very difficult to mitigate the 
effects on stream channel integrity, and 
riparian and wetland ecosystems.  The 
influence of water quality changes and the 
possible importation of non-native species are 
also of high concern. 
 
 
Spring Developments 
 
Introduction 
 

Across the Rocky Mountain landscape 
(both in the plains and mountains) ground- 
water fed springs and associated wetlands are 
scattered in isolated locations (Winter et al. 

1998).  The Rocky Mountains and associated 
grasslands are located in an arid to semi-arid 
landscape, with low total annual rainfall and 
high annual rainfall variability (Wohl 2001), 
resulting in few conditions conducive to spring 
development.  As the number of settlers and 
domestic cattle increased in the 1800s and 
1900s, the capturing of water associated with 
springs became common, especially since 
many of these water sources were a 
considerable distance from the streams.  The 
water coming from springs often was and still 
is concentrated through pipes to watering 
tanks, or ponded for watering sources for 
livestock.  Early settlers also capitalized on 
this relatively constant water source for 
drinking water.  

Springs and associated wetlands provide 
unique and dramatic habitats on a relatively 
arid landscape in the Rocky Mountain region.  
The biodiversity in these specialized habitats 
is very high, as a result of the hydrologic, soil, 
and microclimatic conditions associated with 
them (Cooper 1986).  The vegetation of springs 
may be dominated by mosses, herbaceous 
plants, woody plants, combinations of all of 
these groups, and likely the variability from 
site to site is extremely high.  Most plants 
that occur at springs are highly sensitive to 
water chemistry, seasonality of water flow, 
and disturbance at the spring.  Many forms of 
invertebrates and amphibians also inhabit 
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these environments because of the constant 
water temperatures, abundant food supplies 
and general lack of predators (Hammerson 
1986).  

The direct impacts to springs and 
associated wetlands from development are 
primarily due to altering the hydrologic 
regime that formed the spring discharge, and 
also the habitat affected by the flowing water.  
Once the springs are developed, they lose 
their unique characteristics, and may revert 
to upland conditions.  Even when ponded, the 
hydrology and nutrient cycling capabilities of 
the system are altered dramatically, resulting 
in habitat no longer supportive of the 
communities that evolved there.  Indirectly, 
the concentration of domestic livestock at 
these watering places can alter the biological 
communities there by intensive grazing 
activity, soil compaction, and the addition of 
nutrients. 
 
Effects Analysis 

 
Potential effects of spring developments 

on aquatic, riparian, and wetland resources 
are the following: 
 
Hydrology 
 
Effects 
1) Altered flow regime from capture in 

pipelines. 
2) Altered flow regime through ponding, by 

dike construction or excavation. 
3) Altered flow regime from soil compaction. 
 

Water Quality 
 
Effects 
1) Increased sedimentation and soil 

compaction from domestic livestock. 
2) Increased nutrient levels from domestic 

livestock. 
 
Riparian and Wetland Condition 
 
Effects 
1) Direct removal of vegetation from grazing. 
2) Vegetation species replacement as 

hydrologic regime and soil moisture 
characteristics change. 

3) Soil compaction from domestic livestock 
hoof action. 

  
Channel Condition 
 

Stream channels are often not associated 
with spring developments because they are 
often relatively small, and in many cases form 
a wetland downstream immediately from the 
spring.  However, if the spring is large enough 
to form an actual channel the following 
impacts can be realized: 
 
Effects 
1) Stream bank instability from concentrated 

domestic livestock concentration. 
2) Encroachment of channel banks as flow is 

captured at the spring source. 
3) Vegetation encroachment in channel as 

flow is captured at the spring source. 
 
Biotic Condition 
 
Effects 
1) Loss of biodiversity. 
2) Invasion of non-native plants and 

animals.
 
 



Version 1.0 

11/8/2004 25

Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin • Historical perspective on human settlement and spring development. 

Landscape 
(4th level HUB) 

• Difficult to analyze at this scale.  However, if possible the relationship between 
known springs and known developments within and outside of the National 
Forest System would be valuable.* 

Management  
(6th level HUB) 

• Total density of springs per HUB (number of springs per acre/6th level HUB).** 
• Total number of spring developments/known total of springs/6th level HUB.** 

Reach/site 

• Direct measurement of impact of water loss to associated wetlands. 
• Measurement of riparian vegetation and channel encroachment.   
• Vegetation composition changes as a result of changes in hydrology. 
• Non-native species invasion analysis. 
• Soil compaction (e.g. hummock development). 

*   Suggested measurements for addressing aquatic, riparian, and wetland resource values.  
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
 
 

 
Management Implications 
 

Historically springs have commonly been 
used for watering of domestic livestock and 
human consumption.  However, the 
consequences to biodiversity and species 
viability are only now being realized.  
Although opportunities in the past have been 
limited to procure water from other sources, 
we now have the ability to weigh the 
consequences and balance the need for 

development and maintain the viability of 
these rare ecosystems.  Alternative water 
sources such as wells or slightly changing 
grazing strategies can restore spring and 
wetland function.  However, in wetlands that 
have taken thousands of years to develop, 
such as fens, irreparable damage may have 
already been done.  Identification of new 
water sources and protecting existing spring 
environments are imperative if certain species 
of flora and fauna are to be protected.   
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CHAPTER 3 
Transportation Category 

 
Roads 
 
Introduction 
 

Interstate and intrastate road networks 
(state and federal ownership, etc.) throughout 
the United States are a fairly recent 
phenomenon because motorized vehicles (cars 
and trucks) are a relatively new technology 
compared to horse-drawn wagons, trains, etc.  
In 1919, Lt. Colonel Dwight D. Eisenhower 
(later to become President Eisenhower) 
volunteered to join the U.S. Army’s first 
transcontinental motor convoy from coast to 
coast (Weingroff 1996).  The convoy originated 
in Washington, D.C., and after 62 days in 
transit, arrived in San Francisco on 5 
September 1919.  Many of the unrelenting and 
hazardous trials of the journey (mud, dust, ice, 
mechanical failures, etc.) can be directly 
attributed to the poor road conditions (extant 
wagon roads or pioneered roads) that were 
encountered during what must have been, two 
exhausting months of travel.   

Statistics published by the Federal 
Highway Administration (Highway Statistics 
2000; Public Road Length 1999) indicate that 
the nation’s transportation network has 
expanded dramatically since the initial mass 
production of the Model T.  In 1919, there was 
no national transportation network, with the 
exception of the railways.  Eighty years later, 
the nation had constructed more than three 
million miles of rural road (this number does 
not include urban road miles).  For example, 
by 1999, the state of Colorado had constructed 
70,948 miles of rural roads, 51,875 miles of 
which were county roads.  By comparison, the 
miles of rural roads under federal jurisdiction 
in Colorado in 1999 totaled 7,299.  Now, the 
nation’s road networks, both rural and urban, 
serve as conduits to transport a vast number 
of people, goods, and services.  Clearly, 
expansion of the nation’s road networks has 
had profound impacts on ecosystems and 
biotic communities. 
 
 
 

 
 

 
 
Photo 3.1.  Road along the Poudre River, Colorado 
(Photo courtesy of Ellen Wold). 
 

Beneficial and detrimental effects of roads 
on environmental conditions (aquatic and 
wetland) have been debated among the public, 
natural resource scientists, natural resource 
land managers, and civil engineers.  On one 
hand, the presence of roads has provided 
direct access to once remote locations so that 
natural resource managers are able to collect 
data and to implement restorative projects to 
protect, maintain, and enhance populations 
and habitats of aquatic and wetland biota.  On 
the other hand, roads can profoundly 
contribute to the diminution and degradation 
of native aquatic and wetland ecosystems by 
altering natural drainage patterns, promoting 
ground-disturbing processes (e.g., mass 
wasting), and by providing convenient 
conduits for advertent and inadvertent 
introductions of exotic biota and pathogens. 

In addition, roads have facilitated the 
consumptive use and in some cases, 
extirpation, of indigenous plants and animals 
by human beings.  The degree to which a road 
or road system will negatively effect 
environmental conditions is strongly 
associated with several critical factors such as 
road design, road placement, road-
construction practices, road use, and road 
maintenance. Ironically, it is often difficult to 
reconcile the necessities of roads with their 
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potential and actual negative impacts on 
aquatic and wetland ecosystems. 

  

 
 
Photo 3.2.  An unpaved road stream crossing.  
(Photo courtesy of Dave Winters). 
 
 
Effects Analysis 
 

Potential effects of roads on aquatic, 
riparian, and wetland resources include the 
following: 
 
Hydrology 
 
Effects 
According to many investigators road 
construction, road use, and road maintenance 
can directly affect watershed hydrology 
(Furniss et al. 1991; Waters 1995).  Also, 
roads can affect watershed hydrology in 
indirect ways (Elliot et al. 1999). 
 
1) Watershed drainage patterns are altered 

and extended due to road networks and 
road-drainage features.  Examples of 
altered, natural drainage patterns are the 
inclusion of road-drainage ditches and 
other drainage features (e.g., culverts, 
dips, etc.) in road design. 

2) Road-building and road-use activities can 
alter natural processes associated with 
watershed hydrology by: increasing 
surface runoff due to soil compaction; 
decreasing interception and infiltration 
due to vegetation removal and soil 
compaction, respectively; altering 
watershed drainage patterns; and altering 
snow pack storage and snowmelt 
infiltration and runoff. 

Water Quality 
 

Changes to water quality can be directly 
attributable to road use, road construction, 
and road maintenance.  Sedimentation due to 
road-surface erosion and mass wasting, 
chemical contamination, and compacted soils 
are the primary causes of water quality 
degradation due to road construction, road 
use, and road maintenance  (Morrison et al. 
1995; Waters 1995; Elliot and Hall 1997; 
Elliot 2000; Elliot et al. 1996). 
 
Effects 
1) Sediment enters aquatic and wetland 

ecosystems from road surfaces and road 
cut/fill features leading to: 
• Increased turbidity due to sediment 

loading that can result in increased 
water temperature. 

• Inputs of sediment and organic 
material into aquatic and wetland 
environments from road-drainage 
features can result in decreased 
dissolved oxygen concentrations in 
aquatic and wetland ecosystems. 

2) Chemical contaminants can enter aquatic 
and wetland ecosystems that are 
proximate to roads.  Degradation of 
aquatic and wetland ecosystems due to 
chemical contaminants associated with 
roads (e.g., motor and hydraulic oil, 
grease, fuel, and antifreeze) include: 
• Alteration of water chemistry 

parameters such as conductivity, 
acidity and alkalinity. 

• Road dust and road-surface sediment 
can transport cations, hydrocarbons, 
and heavy metals to aquatic and 
wetland ecosystems, sometimes with 
beneficial results. 

3) Contaminants associated with dust 
abatement treatments and road deicing 
(including salts and sand) can enter 
adjacent aquatic and wetland ecosystems. 

 
Riparian and Wetland Condition 
 

Often, the most obvious deleterious 
impacts to riparian and wetland ecosystems 
due to roads are direct impacts to vegetation.  
However, there are numerous other influences 
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to these ecosystems, including the following 
effects: 
 
Effects 
1) Direct disturbance through road 

construction, road use, and road 
maintenance can remove, displace, and 
destroy riparian and wetland vegetation 
(Waters 1995). 

2) Compaction of riparian soils and 
displacement of riparian characteristics 
due to heavy equipment and other vehicle 
traffic can alter the characteristics 
(permeability, structure, etc.) of riparian 
and wetland soils (Mortensen 1989). 

3) Chemical contamination of soils and 
groundwater due to vehicle and 
equipment spills can negatively affect 
plant physiology (Ibarra and Zipperer 
2001). 

4) Blockage and rerouting of surface and 
subsurface flow can alter the composition 
and abundance of plant communities in 
riparian areas and in wetlands. 

5) Road construction and road-use activities 
can reduce rates of primary production by 
algae, phytoplankton, and riparian and 
wetland plants. 

 
Channel Condition 
 

Road use, road construction, and road 
maintenance can negatively impact channel 
form and channel integrity, particularly at 
stream crossings (Waters 1995; Hagans et al. 
1986; Heede 1980).   
 
Effects 
1) Road crossings can have a variety of 

impacts to stream channels, including: 
• Altering channel geometry at the 

intersections. 
• Altering substrate armoring at stream 

crossings due to substrate compaction. 
• Changing substrate size distribution 

at road features (e.g., round-pipe 
culverts) and low-water fords (Waters 
1995). 

2) The amount of substrate embeddedness 
and bed aggradation can increase due to 
sediment input from road-surface erosion 
and from cut and fill mass movements. 

3) Decreased average pool depth and loss of 
pool abundance can occur in channels due 
to sediment loading from roads. 

4) Changes in channel longitudinal profile 
are often the result of altering channels in 
order to accommodate roads. 

5) Road-sediment input can result in a 
reduction or loss of preferred (by trout and 
other fish) spawning substrate-size 
classes. 

 
 Biotic Condition 
 

Most of the harmful impacts to aquatic 
biota due to road use, road construction, and 
road maintenance are indirect impacts, 
excepting direct mortality to aquatic plants 
and animals during road use (stream 
crossings) and road construction.  The effects 
of roads on aquatic biota can affect many of 
the life-history stages of aquatic animals by 
degrading or eliminating their associated 
habitats (Furniss et al. 1991; Waters 1995).  
 
Effects 
1) Chemical contamination due to spills or 

road-treatment products (such as dust 
abatement chemicals) can cause direct 
mortality or decreased fitness (e.g., 
immune system depression) of aquatic 
plant and animal species. 

2) Sediment inputs to aquatic and wetland 
ecosystems associated with roads and road 
activities can decrease spawning success 
for fish, especially salmonids, and cause 
decreases and/or alterations of 
macroinvertebrate communities. 

3) During road construction, road use, and 
road maintenance, individual organisms 
and local biotic communities (especially 
plants and early-development stage 
amphibians) of aquatic biota can be 
crushed. 

4) Roads can facilitate introductions of exotic 
species (plant and animal) into aquatic 
systems. 

5) Road networks can facilitate the spread of 
pathogens and disease (e.g., whirling 
disease and bacterial kidney disease) in 
aquatic and wetland ecosystems. 

6) Road networks can contribute to the 
reduction in distribution and abundance of 
aquatic and wetland biota because of 
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exploitation (recreational fishing pressure) 
and field collections (scientific and casual). 

7) Road drainage features such as culverts 
can fragment aquatic habitats by creating 
barriers to all or some species life stages. 

 
 
Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin  • Historical perspective on road construction. * 

• Changes in road corridors over time. * 
 
Landscape  
(4th level HUB) 

• Ratio of paved and unpaved roads within Forest/Grassland boundary 
compared to total 4th level HUB (miles /acre). * 

• Ratio of stream crossings inside and outside Forest/Grassland boundary 
(crossings/stream mile/4th level HUB). * 

• Percent of 4th level HUB in roadless and wilderness designation. * 
 
 
Management  
(6th level HUB) 

• Ratio (miles/stream mile/6th level HUB) of paved and unpaved road 
densities within and outside of valley bottoms by 6th level HUB. ** 

• Ratio of stream crossing density by 6th level HUB number of crossings 
/stream mile/6th level HUB. 

• Percent of area for each 6th level HUB in roadless and wilderness areas. ** 
• Ratio of road miles intersecting wetlands (miles intersecting 

wetlands/total mile of road/ 6th level HUB). ** 
 
 
 
Reach/site 

• Channel form and channel integrity. 
• Areas of active erosion. 
• Proximity of road corridors to streams, riparian areas, and wetlands. 
• Instream habitat conditions related to sedimentation from roads. 
• Physico-chemical effects from road proximity, including temperature, 

petroleum products. 
• Noxious weed relationships with disturbed surfaces and importation from 

vehicles.  
*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 

 



Version 1.0 

11/8/2004 31

Management Implications 
 

Roads are widespread and permanent 
features of National Forest lands.  Roads and 
road networks under Forest Service 
jurisdiction can be managed to reduce or 
eliminate (in some cases) negative impacts to 
aquatic, riparian, and wetland ecosystems.  
The benefits that accrue to aquatic and 
wetland ecosystems by correctly designing, 
constructing, and maintaining roads in the 
National Forests are many. Properly designed, 
constructed, and maintained roads offer the 
following benefits to streams, riparian areas, 
and wetlands: reduction in soil erosion and 
sedimentation; reduction in soil compaction; 
reduction in chemical contaminations of soil 
and water; maintain water quality conditions 
conducive to supporting aquatic life; maintain 
nutrient cycling in lotic and lentic 
environments; support the abundance of 
riparian and wetland plant communities; and 
promoting many additional benefits to stream, 
riparian, and wetland environments.  As the 
population in the United States ages and 
increases, there will be an increased demand 
by some Forest users for additional roads to 
access the National Forests.  In addition, 
there will always be unwanted, illegal, user-
created roads that must be managed or 
removed.  Considering the likely future 
increase in demand for roads and the finite 
amount of the National Forest land, the 
probability of incurring additional resource 
damage and destruction to aquatic, riparian, 
and wetland ecosystems is relatively high.  
Appropriate road and travel management will 
be necessary, and include restricting the 
growth in motorized use and removing any 
class of unwanted road. 
 
 
Trails:  Non-Motorized  
 
Introduction 
 

The history of recreational trails (non-
motorized) in America is about 110 years old.  
Prior to 1891, essentially all of the known 
trails throughout the United States comprised 
Indian trails, old hunting trails, stock 
driveways, and game trails.  However, with 
the creation of the United States Forest 

Service, the miles of trails constructed for 
recreational use would substantially expand 
the nations trails network.  

In 1905, the U.S. Forest Service was 
created to manage Forest Reserves and since 
then the number of miles of trails in National 
Forests exceeds 133,000 miles (Williams 
2000).  Ironically, the total miles of trails in 
the National Forest system is less now than it 
was several decades ago (Williams 2000).  
Although the total trail miles in National 
Forests now is less than in the past, the 
popularity of backpacking, camping, hiking, 
horseback riding, and mountain biking 
strongly suggests that trail use is greater now 
than it has ever been.  Because recreational 
trails can have a multiplicity of impacts on the 
land and on ecosystems, several organizations 
have been formed to promote “light on the 
land” techniques to minimize the impacts of 
trail use. 

Trails can be considered as miniature 
roads, though clearly, there are obvious 
dissimilarities, impacting aquatic habitats 
and riparian areas in similar ways, though 
generally of lesser magnitude. Leung and 
Marion and Cole (1996) found that the rates of 
soil erosion for trails used by cyclists, hikers, 
backpackers, and horse riders were similar to 
those for roads.  Elliot (2000) suggests, 
however, that the total amount of sediment 
originating from trails is generally less than 
that originating from roads because of the 
differences in the total surface disturbed 
between the two designs. 
 
Effects Analysis 
 

Potential effects of non-motorized trails on 
aquatic, riparian, and wetland resources 
include the following: 
 
Hydrology 
 
Effects 
According to some investigators (Cole, 2000; 
Leung and Marion 1996; Shelby et al. 1992), 
trails can directly affect watershed integrity 
and watershed function in ways similar to the 
impacts from roads, though the magnitudes of 
the impacts are characteristically less than 
the impacts from roads.  Generally, trail 
construction, trail use, and trail maintenance 
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do not directly or indirectly impact watershed 
hydrology to a material degree.   
 
1) Trail networks may alter surface drainage 

patterns in watersheds by capturing and 
rerouting water along their paths. 

 
Water Quality 
 

Changes to water quality can be directly 
associated with trail construction, trail use, 
and trail maintenance.  Trail location is an 
important factor in its potential impacts to 
water quality (Helgath 1975); those trails 
situated proximate to streams and lakes are 
most likely to contribute sediment to those 
waters due to erosion and sedimentation.  
Erosion and sedimentation due to trail use 
(foot and hoof), mass wasting, and compacted 
soils are the primary factors that determine 
the duration and magnitude of water quality 
degradation in adjacent waters (Leung and 
Marion 1996; Cole 2000). 
 
Effects 
1) Erosion and sediment transport into 

adjacent streams, lakes, and wetlands due 
to trail construction, trail use, and trail 
maintenance is not uncommon. 

2) Contamination of natural waters by 
bacterial and viral agents due to improper 
disposal of human waste. 

3) Wildlife often use constructed trails as 
routes of trail, and their feces can harbor 
and spread pathogenic agents (e.g., 
Giardia lamblia). 
 

Riparian and Wetland Condition 
 

Erosion and sedimentation in riparian 
areas and in wetlands due to trail 
construction, trail use, and trail maintenance 
can negatively impact the structure and 
function of riparian and wetland plant 
communities (Clark and Gibbons 1991; 
Waters 1995).  In addition, trail construction, 
trail use, and trail maintenance in riparian 
areas and wetlands can destroy (crushing and 
displacing) vegetation and compact soils (Cole 
1996). 
 

Effects 
1) Modification of riparian and wetland 

vegetation due to trail construction, trail 
use, and trail maintenance. 

2) Soil compaction can be expected in 
riparian areas and wetlands due to trail 
use by humans and animals. 

3) Trail use may contribute to changes in 
surface and subsurface drainage and 
infiltration patterns and storage capacity 
due to soil compaction. 

 
Channel Condition 
 

Trail construction, trail use, and trail 
maintenance can result in local and direct 
impacts to channel conditions (e.g., channel 
geometry), when stream crossings are 
incorporated into trail designs (Clark and 
Gibbons 1991; Waters 1995).  Otherwise, trail 
construction, trail use, and trail maintenance 
tend to result in minor or no direct impacts to 
stream channels. 

 
Effects 
1) Stream channels at trail crossings may be 

widened and stream-bank angles altered if 
mitigating structures such as footbridges 
have not been used in lieu of undeveloped 
crossings. 

2) Changes in substrate-size distribution at 
trail crossings due to trail soil-surface 
erosion and transport. 

3) Increased embeddedness due to 
sedimentation from trail-surface erosion 
and due to trail drainage features and 
undeveloped crossings. 

4) Degradation and loss of spawning habitats 
due to increased rates of sedimentation 
and embeddedness. 
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Biotic Condition 
 

Most effects to aquatic biota due to trails 
and their use are associated with local and 
acute changes to water quality, removal of 
biota, and introduction of non-native species.    
 

Effects 
1) Trail networks can facilitate the spread of 

invasive species outside their native and 
historical ranges.  

2) Removal of biota, such as fish, 
amphibians, and plants 

 
 
 
 
Measurement of Effects Table 
 

SCALE Evaluation Criteria 
 
Basin  

• Trail densities are difficult to quantify at this scale.  Discussion of historical 
trails to predict how some invasive species may have been translocated out of 
their native range would be useful.* 

• Major historic routes used by early settlers and explorers may be useful.* 

Landscape  
(4th level HUB) 

• Ratio of trails within administrative boundaries per 4th level HUB (miles/stream 
mile/4th level HUB).* 

 
 
Management  
(6th level HUB) 

• Ratio of trails within and outside of valley bottom per 6th level HUB 
(miles/stream mile/4th level HUB).** 

• Ratio of stream crossings (number of stream crossings/stream mile/6th level 
HUB).** 

• Ratio of trails intersecting wetlands (miles of trail intersecting wetlands/total 
trail miles/6th level HUB).** 

 
Reach/site 

• Determine soil erosion, soil compaction, vegetation loss, channel geometry, and 
water quality characteristics and impacts. 

• Potential and realized introduction of invasive species, including whirling disease 
and noxious weeds. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
Management Implications 
 

There are benefits that accrue to aquatic, 
riparian, and wetland ecosystems if land 
managers properly design and maintain (e.g., 
best management practices) trail systems.  
The primary benefit to aquatic ecosystems is: 
reduced local degradation to these ecosystems 
due to trail construction, trail use, and trail 
maintenance and due to the increased 
difficulty of introducing invasive species.  
Riparian and wetland vegetation is effective 
in reducing erosion and sedimentation in 
streams and in retaining soil moisture.  Plant-
root networks provide soil stability and soil 
cohesion.   

Appropriate trail management can also 
benefit native biota. Because trail networks 
can be used as conduits to disseminate non-
native plants and animals into aquatic, 
riparian, and wetland ecosystems, improved 
trail management can reduce the probability 
that non-native species introductions will 
occur.  Often, the “bucket brigade” seeks 
surreptitious avenues to ply their trade of 
introducing exotic species into new 
environments.  By eliminating unwanted, 
user-created trails, exotic species 
introductions may be prevented, or at least, 
made more difficult to accomplish.  Public 
education is also an important part of 
restricting the spread of invasive species. 
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Railroads 
 
Introduction 
 

Railroads were an integral part of the 
development of the Rocky Mountain region.  
The mountains contained great stores of coal 
like those in Pennsylvania, huge supplies of 
timber, and rich deposits of precious and 
useful minerals (Ormes 1963).  Many of the 
early railroads were built to carry coal, metal 
ore, and timber from various mountain 
locations that otherwise would not be 
economical to extract.  As the population of 
the country grew and expanded to new areas, 
trains were used to transport people and 
goods around the country. 

Although railroad development began in 
the early 1800s in eastern United States, by 
1855 there were only 8 miles total for the 
entire eleven western states (Robertson 1991).  
However, by 1900 there were over 26,000 
miles of rail in the same states, a direct result 
of the increasing western population and need 
to carry people and goods across the country.  
Robertson (1991) documented a direct 
relationship between the miles of rail in 
Wyoming and Colorado and population 
growth.  As the population reached one 
million in Colorado in approximately 1905, 
there were 5,500 miles of rail.  During the 
same time period in Wyoming, the population 
was approximately 100,000, with only 1,400 
miles of rail.  At its peak in 1914, there was 
an estimated 5,933 miles of railroad track in 
Colorado (Wilkins 1974).  As the 20th century 
progressed, decreases in mining activity, more 
efficient modes of transportation, and high 
maintenance and operation costs reduced the 
total miles of track to less than 3,500 miles.  
Because of the excavation involved in building 
railroad track beds, many abandoned and 
decommissioned tracks have been converted 
into roads, trails, and bicycle paths.  

 

 
 
Photo 3.3.  Railroad track in a river canyon (Photo 
courtesy of David Cooper). 
 

Railroad construction in the Rocky 
Mountains was an arduous task, while 
construction in the Great Plains was 
relatively easy (Ormes 1963).  The large size 
and weight of even the earliest trains required 
a relatively flat surface to lay tracks on.  The 
steepest grades rarely exceeded 4-7% slope, 
and were often found in river valleys 
(LeMassena 1984).   Turning a train is a 
difficult process, requiring gradual changes in 
the curvature of the tracks.  Although there 
were exceptions, such as early trains 
negotiating “switch-backs” by maneuvering 
backwards and forwards, generally railroad 
tracks were made as straight and level as 
possible in the mountainous terrain. 

The best place to build railroad tracks in 
the mountainous areas were in larger river 
valleys, taking advantage of the relative 
constant grade and relief.  However, these 
valleys also proved difficult in areas, as steep 
valley sides were sometimes excavated to 
accommodate the track corridor.  Tunnels 
were built when the river turned too abruptly 
and the river itself may have been narrowed 
or moved laterally to accommodate the track 
“prism”.  Some river systems like the 
Arkansas and Crystal Rivers in Colorado 
actually had “parallel” tracks on each side of 
the river.  Railroads built on or directly above 
the river valley bottom have been periodically 
washed away with high flood events (Ormes 
1963).  Tracks in these areas were often 
heavily “rip-rapped” in an effort to withstand 
flood events. 
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The impacts to aquatic resources from 
railroad track construction and train 
operation are similar to roads and other 
vehicles (Furniss et al. 1991).  The 
construction and presence of railroad base and 
tracks in a valley floor could displace riparian 
vegetation and soils and intercept runoff from 
the side slopes.  In narrow canyons, the 
stream channel could be narrowed, resulting 
in increased velocities and erosion 
downstream.  Sedimentation from cut and fill 
slopes in the track prism entered waterways 
and wetlands.  Although there is little 
information to cite, wetlands were probably 
filled to accommodate tracks, as it was 
probably more efficient to go through them 
than to negotiate around.  Historically, 
chemical contamination from derailments was 
probably an occasional occurrence, but today 
is extremely rare.  Soil and water 
contamination from petroleum fluid spillage 
from maintenance machinery and creosote 
from railroad ties are probably the main 
chemical concerns. 
 
Effects Analysis 
 

The potential effects of railroads on 
aquatic, riparian, and wetland resources 
include the following: 
 
Hydrology 
 
Effects 
1) Elevated track prisms can concentrate 

surface runoff along track ditches and 
eventually through culverts, leading to 
erosion and stream sedimentation. 

2) Wetland hydrology can be intercepted, 
potentially creating new wetlands and 
abandoning historic sites. 

 

Water Quality 
 
Effects 
1) Increased erosion and sedimentation from 

cut and fill slopes, stream crossings, and 
increased velocities caused by constricted 
channels.  

2) Ground and surface water contamination 
from petroleum and chemical spills, 
equipment used for maintenance, and 
creosote impregnated railroad ties. 

3) Catastrophic contamination from 
derailment. 

 
Riparian and Wetland Condition 
 
Effects 
1) Direct vegetation and soil loss from track 

prism construction and presence. 
2) Alteration of wetland function from 

ground and surface water interception. 
 

Channel Condition 
 
Effects 
1) Constricted channels from track prism 

impingement.  
2) Decreased instream habitat and 

complexity from sedimentation in slower 
velocity areas. 

3) Changes in woody material delivery from 
presence of track prism and interception 
from upland recruitment. 

4) Streambank instability from changes in 
channel form from impingement. 

 
Biotic Condition 
 
Effects 
1) Decreased biomass due to loss of habitat 

and habitat complexity associated with 
the channel changes listed above. 

2) Habitat for invasive plants on disturbed 
soils. 

3) Transport of invasive species seeds. 
4) Stream crossings can create barriers to 

movement of aquatic species. 
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Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin • Historical account of railroad activity, relationships with population trends.* 
Landscape 
(4th level HUB) 

• Total density (miles/stream mile) of current railroad tracks (miles) within and 
outside of National Forest/Grasslands boundaries for 4th level HUBs. * 

 
Management  
(6th level HUB) 

• Track Ratio - Total miles of track in valley bottom (miles of track in valley bottom 
/stream mile/6th level HUB) **. 

• Ratio of track in 6th level HUB (miles of track/stream mile/6th level HUB). ** 
• Ratio of crossings to stream miles. ** 
• Stream crossings/stream mile/6th level HUB. 

 
 
Reach/site 

• Culvert effectiveness, in terms of sediment transport and biotic passage. 
• Direct measurement of erosion from cut and fill slopes, bank instability, stream 

crossings. 
• Measurement of soil and water contamination. 
• Identification and measurement of channel constriction and modification. 
• Measurement of riparian and wetland loss from track prism. 
• Analysis of invasive plant populations. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 

 
Management Implications 

 
Railroads are part of a rich western 

heritage and provide a valuable service today.  
Although many of the impacts to aquatic 
resources occurred historically when rail 
corridors were developed, there are 
management actions that can be taken to 
ensure that ongoing impacts are minimized or 
eliminated.  Erosion, barriers to aquatic 
species movement, invasive species, and 
contamination from fuels and other 
substances can be easily controlled or 
remedied.  The effects of historic track 
construction and their effects are more 
difficult.  Railroad tracks continue to be 
decommissioned (Wilkins 1974).  By restoring 
wetlands, riparian areas, and stream channel 
integrity, as part of the removal of railroad 
track prisms, we can restore some of the losses 
from historic construction.  In relation to other 
transportation issues such as roads, train 
impacts are less severe because they are less 
extensive.  However, by working cooperatively 
with the railroad industry to reduce impacts 
to aquatic resources, positive changes can be 
realized. 
 

Off-Road Vehicles 
 
Introduction 
 

In the United States, off-road or off-
highway vehicles (OHVs) are extremely 
popular among many recreational users and 
therefore has increased rates of associated 
environmental impacts on Forest Service 
lands.  OHVs are a class of commercially 
available recreational vehicles that include 
all-terrain vehicles (ATV), dirt bikes, 
snowmobiles, dune buggies, 4x4 sport utility 
vehicles (SUVs), and 4x4 trucks.  OHVs and 
their impacts to aquatic, riparian, and 
wetland ecosystems are only a relatively 
recent phenomenon (ATV History/Honda 
website; and International Snowmobile 
Manufacturers Association website).  
     Snowmobiles, ATVs, and dirt bikes became 
popular in the 1960s and in the early 1970s. 
Honda introduced the ATV into U.S. markets 
in 1970 (Online: ATV History 2000).  Today, 
there are millions of OHVs in use in the 
United States, and their popularity has 
become problematic for some environmental 
groups and for some land management 
agencies.  By 1985, ATV owners were using 
their ATVs for work and for play; Honda sold 
370,000 ATVs in 1984, the year it introduced 
the first four-wheel ATV to U.S. markets.  
Today, Honda is the leading manufacture for 
ATV sales in the United States.   
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Although snowmobiles and ATVs are 
probably the most popular OHVs, except for 
SUVs and trucks, there is a demand for other 
OHVs, too.  Dirt bikes have been popular since 
the late 1960s, and now, there seems to be a 
growing demand for personal, motorized 
watercraft such as jet skis.  The growth in 
motorized recreational vehicle use poses a 
complex set of management problems for 
federal and state land and resource 
management agencies. 
 
 

 
Photo 3.4.  Snowmobiles are popular in the winter 
on Forest Service lands. 

 
Effects Analysis 
 

The potential effects of off-road vehicles to 
aquatic, riparian, and wetland resources 
include the following: 
 
Hydrology 
 

Off highway vehicle (OHV) use can 
negatively impact a variety of aquatic, 
riparian, and wetland ecosystem features. The 
extent that intensive OHV use can effect 
hydrologic conditions depends on several 
variables, most noticeably watershed size.  
Watershed hydrographs (magnitude, duration, 
and timing of peak flows) must be perturbed 
to a substantial degree before a change in the 
hydrograph is measurable and attributable to 
anthropogenic disturbance; otherwise changes 
in the hydrograph are likely due to natural 
variation in flows because of changes in 
annual precipitation and other variables.  

Effects attributable to roads and trails used by 
OHVs are covered in other sections. 
 
Water Quality 
 

Changes to water quality can be closely 
associated with OHV use (Dissmeyer 2000).  
Dry and wet deposition of fuel-emission 
products and heavy metal contaminants from 
engine exhaust and catalytic converters can 
result in degraded water quality (Ibarra and 
Zipperer 2001).  Additionally, about one 
quarter of the fuel used in two-cycle engines is 
emitted, unburned, directly into the 
environment along with engine exhaust gases, 
a condition which can add to water-quality 
degradation (Ingersoll et al. 1997). 
 
Effects 
1) OHV use can result in degradation to 

water quality in aquatic and wetland 
environments due to precipitation of 
exhaust emissions and heavy metals 
discharged from catalytic converters. 

2) OHVs can introduce toxic substances into 
water bodies by leaking fuel, oil, hydraulic 
fluid, and antifreeze. 

3) OHV fluid leaks and exhaust emissions 
can change pH and alkalinity in aquatic 
environments. 

4) OHV use can cause soil erosion and 
sedimentation that can increase turbidity 
in lotic and lentic environments. 

5) Sedimentation due to OHV use can 
increase water temperatures and decrease 
dissolved oxygen (decomposition of organic 
material in sediments) content in lotic and 
lentic environments. 

 
Riparian and Wetland Condition 
 

Erosion and sedimentation in riparian 
areas and in wetlands due to OHV traffic can 
negatively impact the structure and function 
of these ecosystems (Natural Trails and Water 
Coalition 2001).  In addition, OHV traffic in 
riparian areas and in wetlands can destroy 
vegetation (by crushing) and compact and 
contaminate soils (Ibarra and Zipperer 2001; 
Natural Trails and Waters Coalition 2001; 
Shaver and O’Leary 1988). 
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Effects 
1) OHV exhaust emissions can affect plant 

photosynthesis and primary productivity 
in riparian areas and in wetlands. 

2) OHV use can compact riparian and 
wetland soils. 

3) Tire ruts due to OHV use can alter surface 
and sub-surface flows and drainage 
patterns in riparian areas and in 
wetlands. 

4) OHV use can destroy riparian and 
wetland vegetation by crushing and 
ripping them from soils. 

5) OHV use can alter soil structure and 
decrease soil porosity and infiltration. 

 
Channel Condition 
 

OHV traffic can severely alter channel 
geometry and stream substrate composition, 
especially at undeveloped stream crossings 
(Natural Trails and Water Coalition 2001; 
Clark and Gibbons 1991).  Though site 
specific, many of the impacts to stream 
channels in lotic environments due to OHV 
use are persistent in the environment. 
 
Effects 
1) OHV use can alter channel cross-section 

geometry at stream crossings and degrade 
the quality of instream habitat units in 
the channel at and near the crossing. 

2) Erosion and sedimentation due to OHV 
use can increase substrate embeddedness. 

3) OHV use can degrade and diminish 
spawning habitats due to erosion and 
sedimentation. 

 

Biotic Condition 
 

Most of the negative impacts to aquatic 
biota due to OHV corridors and OHV traffic 
are due to erosion, sedimentation, and 
chemical contamination, excepting direct 
mortality (by crushing) to aquatic, riparian, 
and wetland biotic communities.  The most 
pervasive, effects to aquatic, riparian, and 
wetland biota due to OHV use are associated 
with water quality degradation that result in 
unsuitable conditions to support various life-
history stages (especially aquatic insect 
nymphs and amphibian eggs and larvae) of 
aquatic plants and aquatic animals (Ibarra 
and Zipperer 2001; Rawlins 1993; Hagan and 
Langeland 1973).   
 
Effects 
1) OHV use can cause direct mortality to 

aquatic and wetland biota by crushing. 
2) OHV use can facilitate introductions of 

exotic species (plant and animal) into 
aquatic systems by providing easily 
accessible corridors to these environments 
and by inadvertently transporting the 
seeds of noxious and alien weeds. 

3) OHV use can facilitate the spread of 
infectious agents and disease (e.g., 
whirling disease and bacterial kidney 
disease in sediments in tire treads) in 
aquatic environments. 

4) OHV use can facilitate increased 
exploitation (recreational fishing harvest) 
by providing easy access to once remote 
areas. 
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Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin  • Trends in state OHV registration. 
Landscape  
(4th level HUB) 

• Comparison of OHV use within and outside of Forest Grassland boundary 
within each 4th level HUB (percentage of scale available for public OHV use).* 

 
 
Management  
(6th level HUB) 

• Ratio of OHV trails within and outside of valley bottom (miles/stream mile/6th 
level HUB). ** 

• Percentage of 6th level HUB open to ‘cross country’ OHV use. ** 
• Ratio of stream crossings from OHV trails in each 6th level HUB (number of 

crossings/stream mile/6th level HUB). 
• Ratio of wetlands intersected by OHV trails (miles of trail intersecting wetlands 

/total miles of OHV trails/6th level HUB). ** 
 
 
Reach/site 

• Magnitude and distribution of damage to soils, vegetation, channels, water 
quality, and biota due to OHV use. 

• Water quality considerations, including petroleum introduction. 
• Invasive species introductions. 
• Sediment transport dynamics as a result of OHV use. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
Management Implications 
 

A variety of benefits may accrue to 
aquatic, riparian, and wetland ecosystems if 
proper and effective management strategies to 
mitigate the impacts of OHV traffic are 
implemented.  The primary expected benefit 
to aquatic resources is that these ecosystems 
will be allowed to function properly and 
persist in the environment.  If protected from 
inappropriate OHV use, riparian and wetland 
vegetation will be effective in reducing 
sedimentation in streams and retaining 
important soil characteristics such as soil 
moisture.  Plant-root networks provide soil 
stability and soil cohesion.  Additionally, if 
sedimentation in streams is reduced, habitats 
for aquatic biota will be robust and provide 
aquatic organisms with the conditions that 
they require at every life stage.  Areas of 
active erosion will be reduced; therefore, 
reduced sediment transport (by water) will 
occur. 

OHV traffic, both desired and undesired, 
should be monitored for a variety of 
environmental impacts.  The density of OHV 
networks can provide important information 
about where OHV use is most concentrated.  
This information can direct managers to 
unauthorized roads and other corridors that 

should be reclaimed and to trails requiring 
more periodic maintenance than others.  In 
addition, water quality monitoring can be 
prioritized based on those areas that 
experience concentrated use.  As a result, 
legitimate OHV corridors can be better 
managed, therefore resulting in fewer 
environmental impacts due to unauthorized 
and inappropriate OHV use.  Finally, 
undesired, user-created OHV corridors can be 
obliterated and reclaimed, therefore reducing 
OHV corridor density and associated 
environmental impacts, especially in riparian 
areas and wetlands.   

Appropriate OHV travel management can 
also benefit native biota. Because OHV 
networks can be used as conduits to 
disseminate non-native plants and animals 
into aquatic, riparian, and wetland 
ecosystems, improved OHV travel 
management can reduce the probability that 
non-native species introduction will occur.  
Often, the “bucket brigade” seeks 
surreptitious avenues to ply their trade of 
introducing exotic species into new 
environments.  By eliminating unwanted, 
user-created OHV corridors and OHV traffic, 
exotic species introductions may be prevented, 
or at least, made more difficult to occur. 
 



Version 1.0 

11/8/2004 40



Version 1.0 

11/8/2004 41

CHAPTER 4 
Recreation Category 

 
Developed and Dispersed 
Recreation 
 
Introduction 

 
Recreational use is a key management 

activity for the National Forest Service.  Many 
forests are located in close proximity to urban 
areas, facilitating the use of these public lands 
by visitors for a variety of uses. However, it is 
becoming increasingly difficult to balance the 
needs of increasing public demand for 
relatively natural settings of National Forests 
and Grasslands, while maintaining the 
resource values they are intended to provide.  
By understanding the extent and trends of 
recreational use and the influence it has on 
aquatic, riparian, and wetland resources, we 
can better balance public recreational needs 
with needs of the resources. 

Recreational uses vary seasonally, but 
their influences on aquatic, riparian, and 
wetland resources can persist year round.  
The influences of increased vehicular traffic 
and concentrated water recreation may be 
more apparent on surface water quality, 
whereas the influences of concentrated winter 
recreation (covered separately under Ski 
Areas and OHVs) may be more apparent in 
groundwater. Two general types of 
recreational patterns; developed recreation 
and dispersed recreation, are identified in this 
assessment based on the degree of associated 
infrastructure and user concentration or 
density.  Developed recreation tends to 
concentrate human activities in localized 
areas and generally requires infrastructure 
such as parking lots, restrooms, and shower 
facilities.  Examples of developed recreation 
include camping or picnicking in established 
campgrounds, downhill ski areas or resorts, or 
interpretive centers.  In contrast, dispersed 
recreation requires little or no infrastructure 
and tends to decentralize or spread the 
activity across the landscape.  Backcountry 
hiking and camping, cross-country skiing, and 
hunting are examples of dispersed recreation.   

Recreational activities can have a direct 
effect on aquatic biota. For example, the 

abundance of the larval caddisfly Dicosmoecus 
gilvipes was reduced by extensive recreational 
activity, but effects were spatially and 
temporally localized (Wright and Li 1998).  In 
contrast, the biomass of epilithic algae was 
not correlated with such activity.  This study 
demonstrates the potential for multiple 
recreational activities to affect stream food 
webs and the need for further detailed studies.  
In addition, indirect effects may be produced 
from upland disturbance that affects 
hydrology and sediment yield.  For example, 
disturbed soils associated with campsites can 
have insufficient nitrogen for rapid plant 
regeneration (Zabinski et al. 2002).  Overall, 
research has shown that the greatest amount 
of damage to riparian vegetation occurs from 
initial periods of use even if uses seem 
relatively light (Clark and Gibbons 1991).  
Subsequent disturbance may add little 
additional effects to riparian vegetation (Cole 
1979, 1987; Marion and Cole 1996). Other 
influences of recreational use on riparian and 
wetlands appear to be similar in type, but 
with less magnitude, to the effects of livestock 
grazing (Clark and Gibbons 1991).  Any 
recreational use of upland and riparian areas 
will have some effects, but they are likely to 
be minor compared to the influence of roads, 
logging, livestock grazing, and mining (Clark 
and Gibbons 1991). 

Influences also vary depending on 
whether the recreation is developed or 
dispersed. The lack of infrastructure may 
reduce the localized effects of dispersed 
recreation, because pollution or potential 
pollution sources are not as concentrated.  
Although dispersed recreation may not 
disturb significant portions of a particular 
watershed, site impacts can be considerable.  
For example, it has been found that <0.5% of a 
heavily used portion of the Eagle Cap 
Wilderness in Oregon was directly affected by 
trails and camping (Cole 1989, 2000).  Most of 
the disturbed area was located far enough 
from streams so that the effect was negligible.  
Resistance and resilience of vegetation to 
recreational trampling varies by plant species 
and trampling intensity (Cole and Trull 1992; 
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Marion and Cole 1996).  Pronounced changes 
to soil and vegetation can occur at even low 
recreational intensity (Marion and Cole 1996).  
Forbs in closed canopy forested areas were 
most sensitive to camping effects (Marion and 
Cole 1996).  Results suggested that total 
campsite impact would be less on a small 
number of high-use campgrounds, than on a 
greater number of dispersed, but lesser used, 
campgrounds (Marion and Cole 1996; Marion 
and Farrell 2002). 

Recreational activities can exert strong 
influences on fishery resources.  Although the 
types of recreational activities encompassed in 
this report are numerous, for example ranging 
from hiking to skiing to rafting, any type of 
human activity that potentially alters habitat 
conditions can indirectly affect fish 
populations.  Although the magnitude of the 
effects may vary, recreational activities may 
have influences similar to those of forest and 
rangeland management practices such as 
timber harvest, grazing, mining, or road 
construction, (Meehan 1991).  For example, 
activities that degrade stream banks, whether 
it is cattle frequenting streamside areas or 
heavily used hiking trails and stream 
crossings, may change channel morphology 
and influence thermal regime and have 
consequences for resident fish populations 
(Clark and Gibbons 1991; Meehan 1991). 

Recreational angling may exert a direct 
influence on fish populations and 
communities, particular in freshwater 
systems, and may produce unfavorable 
outcomes where the goal is management and 
preservation of native fishes.  Hooking 
mortality is variable among species targeted 
for sport fishing, but can be significant in 
some cases (Muoneke and Childress 1994).  
For salmonids, recreational angling can affect 
resident freshwater populations (Clark and 
Gibbons 1991; McDonald and Hershey 1989), 
and even migratory, sea-run populations 
(Palmisano 1993).  Where native and 
nonnative sport-fish coexist, differences in 
angling susceptibility may complicate 
management.  For example, native cutthroat 
trout (Oncorhynchus clarki) inhabit only a 
small fraction of their historic ranges, and 
interaction with nonnative salmonids (e.g., 
brook trout and rainbow trout) is cited as a 
key factor producing this pattern and affecting 

the persistence of existing populations 
(Fausch 1988; Behnke 1992).  Unfortunately, 
cutthroat trout tend to be more vulnerable to 
angling than brook trout (MacPhee 1966; Paul 
et al. 2003), so recreational fishing may 
disproportionately affect native trout where 
they coexist with popular nonnative 
salmonids.  Subsequently, management 
strategies that aim to suppress nonnative 
salmonids through increased angler pressure 
have the potential to actually prevent recovery 
or induce further declines in native trout 
(Paul et al. 2003).  Thus, recreational fishing 
policies must be carefully considered, even in 
catch-and-release fisheries, where sensitive, 
threatened, or endangered native fish species 
are present. 
 
 

 
 
Photo 4.1. Hiking is a popular form of dispersed 
recreation on Forest Service lands.  
 
Effects Analysis 
 
Hydrology 
 
Effects 
1) Improvement and expansion of parking 

lots and roads increase peak runoff and 
non-point source pollution from 
impervious surfaces.   

 
Water Quality 
 
Effects 
1) Localized scouring and erosion may occur 

during high precipitation events over 
compacted surfaces associated with both 
concentrated and dispersed recreation 
sites.  The increased sedimentation could 
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lead to increased turbidity and instream 
deposition of fines. 

2) Developed campgrounds require 
infrastructure, including parking lots, 
restrooms, and shower facilities.  This 
infrastructure may lead to the 
contamination of surface and ground 
water supplies.  Common contaminates 
associated with developed recreation sites 
include:  fecal material, household 
cleaners and detergents, garbage and 
other floatable objects, cooking grease and 
oil, and petroleum products. 

3) Increased runoff associated with parking 
lots and roads may be contaminated with 
salt, heavy metals, petroleum residues, or 
landscaping chemicals that can degrade 
surface water and ground water quality. 

4) Because of their remote locations, 
campgrounds may also be targets of illegal 
dumping.   

5) Riparian vegetation shade streams from 
solar heating and therefore influences 
water temperatures.  Streams that have 
lost their riparian vegetation or have 
riparian vegetation that no longer shades 
the stream are subject to higher summer 
water temperatures and lower winter 
temperatures. 

 
Riparian and Wetland Condition 
 
Effects 
1) The riparian zone tends to be more 

important from a recreation standpoint 
than are other areas.  People are drawn to 
water and consequently, may engage in 
activities there that can adversely effect 
the riparian and wetland resources such 
as: 
• Vegetation trampling 
• Stream bank shearing 
• Soil compaction 
• Root exposure 
• Reduction in organic matter 
• Decreased soil moisture 

2) The size of the riparian or wetland area 
may affect the magnitude of potential 
effects on the resource.  For example, 
recreation will have less of an impact on a 
riparian area that is 50 m wide versus a 
riparian area that is 2 m wide.  In general, 
the greatest disturbance is likely to occur 

within 5 m of the edge of the stream 
(Clark and Gibbons 1991). 

 
Channel Condition 
 
Effects 
1) When human activity is concentrated 

along stream banks, trampling and 
stream bank collapse may occur. 

2) The highest stress on the banks occurs on 
the outside of meander bends.  
Concentrated recreation use near stream 
banks can reduce plant vigor and reduce 
bank stability resulting in undercutting 
and bank failure along the meander 
bends. 

3) In general, the effects of concentrated use 
(livestock or recreation) along stream 
channels are (Platts 1991): 
• Alteration of channel substrate 
• Disruption of the relation of pools to 

riffles 
• Channel widening 

4) Concentrated recreational use near 
streams could lead stream bank 
destabilization and further erosion and 
sedimentation.   

5) The proximity of campgrounds and picnic 
areas to water increases the chance of 
stream bank erosion and destabilization 
as people use the water for swimming, 
bathing, and cleaning cooking and eating 
utensils. 

 
Biotic Condition 
 
Effects 
1) Any fish population or its habitat may be 

effected by recreation if the usage is 
intensive enough.  The intensity threshold 
varies with fish species, size, and specific 
characteristics of the water body, the 
number and timing of recreationists, the 
type of recreation activity, and the degree 
to which use is concentrated in time and 
space. 

2) Recreational use can effect salmonid 
habitats in the following ways (Clark and 
Gibbons 1991): 
• Upland changes in soils and 

vegetation that may effect runoff and 
erosion 
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• Riparian changes that influence 
erosion, cover, food sources, and water 
quality 

• Instream changes that effect stream 
morphology, water quality, 
streamflow, substrate, and debris 

3) There is general agreement that activities 
resulting in degraded riparian areas 

ultimately lead to decreased production of 
salmonids. 

4) Fishing can have large impacts on local 
fish populations depending on species and 
intensity of use. 

 
Measurement of Effects Table 
 

SCALE Evaluation Criteria 
 
 
Basin 

• Narrative description of recreation area (concentration areas).* 
• Proximity to large population centers. * 
• Other land uses that may attract uses (National Parks, Wilderness, roadless 

areas). * 
• Trends in population demographics for area influencing recreation use. * 

 
Landscape 
(4th level HUB) 

• Ratio of developed recreation sites and types of use (e.g., camping, boating, 
fishing, etc.) within and outside of the administrative unit per 4th level HUB. * 

• Spatial variation of recreational use per 4th level HUB. * 
• Temporal variation of recreational use (daily, weekly, seasonal). * 

 
 
 
Management 
(6th level HUB) 

• Ratio of developed recreation sites within valley bottom and uplands per 6th 
level HUB (# of sites in valley bottom/total recreation sites/6th level HUB). ** 

• ROS type and acres per 6th level HUB. * 
• Relationship of dispersed recreation sites to valley bottom (# of sites in valley 

bottom/total dispersed recreation sites/6th level HUBs). ** 
• Relationship of dispersed recreation sites to lakes (# of sites at various 

distances from lake shore/total dispersed recreation sites/6th level HUB). ** 
• Suitability estimates for dispersed recreation for valley bottoms based on 

dispersed sites and relationship to landscape characteristics such as valley 
bottoms and also anthropogenic influences such as distance to roads. * 

 
 
Reach/site 

• Site monitoring (Platts et al. 1983). 
• Sediment delivery, water movement patterns. 
• Impacts from trails and foot traffic on aquatic, riparian, and wetland 

resources. 
• Invasive species analysis. 
• Effects of recreation pressure on biota in aquatic, riparian and wetland 

resources (fish, mammals, birds, etc.). 
*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
 
Management Implications 
 

Recreational use is a key management 
focus for National Forest lands.  Many 
National Forests are located in close proximity 
to urban areas, facilitating the use of these 
areas by visitors for a variety of uses. It is 
becoming increasingly difficult to “balance” 
the needs of an increasing public demand for 
relatively natural settings of National Forests 
and Grasslands, while maintaining the 
resource values they are intended to provide.  

By understanding the extent and trends of 
recreational use and the influence it has on 
aquatic, riparian, and wetland resources, the 
better we can balance public recreational 
needs with needs of the resources. 

Clark and Gibbons (1991) list some 
general observations regarding recreational 
use and its relation to salmonid habitats: 

 
1) Recreational use is not uniform in its 

distribution in time or space.  Some 
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features such as wilderness, water, or 
developed sites draw and concentrate use. 

2) The amount of use is not necessarily 
directly related to the effects on an area.  
Sometimes the practices of the individual 
or party in an area are more important 
than the number of people. 

3) Most of the change in vegetation results 
from initial light use. 

4) Anglers can also affect upland and 
riparian habitats because they also spend 
time doing other recreational activities 
(e.g., hiking, driving, camping). 

 
 
Influence of Ski Areas 
 
Introduction 
 

Increasing demand for winter sporting 
opportunities has led to the creation and rapid 
expansion of ski resorts in forested 
watersheds (Brooke 1999).  Today, almost 60 
percent of all downhill skiing in the United 
States occurs on National Forests.  In 
cooperation with over 100 ski area operators, 
the USDA Forest Service provided downhill 
skiing opportunities to approximately 31 
million people in fiscal year 1997 (Ibarra and 
Zipperer 2001).  Approximately 178,000 acres 
of National Forest Systems lands are 
currently under permit to ski areas.  The ski 
industry hopes to extend the ski season or 
even have ski resorts open year-round 
(Hoffman 1998).  Ski resorts continue to 
develop facilities for summer outdoor 
recreation activities such as golf, swimming, 
and tennis.  With ski resort expansion, real 
estate development also expands.  To 
maintain predictable revenues in spite of 
unpredictable weather, ski resorts 
increasingly rely on artificial snow to cover 
the slopes.  Scientists warn that large ski 
resorts alter natural hydrological cycles, 
increase traffic congestion, and are magnets 
for urban sprawl, all of which may impair 
water quality (Ibarra and Zipperer 2001).  

The construction and operation of ski 
facilities can influence water quality and alter 
natural hydrologic processes.  Clearing of 
vegetation for ski runs increases the chances 
of soil erosion (Ries 1996), leading to higher 
turbidity and sedimentation in streams 

(Hoffman 1998).  Pollutants from car 
emissions are deposited on the soil with 
precipitation.  Runoff from roads, parking lots, 
or lawns may be contaminated with salt, 
heavy metals, petroleum residues, or 
landscaping chemicals.  Expansion of 
impervious surfaces leads to increased peak 
runoff and shorter resident time of water in 
the watershed.   

Newly developed ski resorts may cause 
shortages or dramatic fluctuations in water 
availability (Ibarra and Zipperer 2001).  For 
example, consumptive water use can be 
moderately high, as much as 10 gallons per 
day- per skier (Ibarra and Zipperer 2001), and 
snowmaking operations can require large 
volumes of stream water.  To meet water 
needs, ski resort operators may relocate 
stream channels, excavate wells, construct 
ponds, or pump water surface flow from 
adjacent watersheds.  In addition to relocating 
water, a portion of the water used for 
snowmaking is lost via evaporation and 
sublimation, and fossil-fuel powered 
generators associated with snowmaking 
equipment can degrade air quality (Hoffman 
1998).   

Ski resorts are often located in high 
elevation environmentally sensitive sites.  
These areas are often glaciated with relatively 
high precipitation, and contain abundant 
riparian and wetland ecosystems.  In 
mountainous regions, slopes are often steep, 
soils are thin, the subsurface is predominantly 
gravel and cobble, and aquifers are fractured 
bedrock.  This type of aquifer is very sensitive 
to pollution because rapid groundwater flow 
can carry microbes and other pollutants for 
long distances (US EPA 1999).  Ski resorts 
have a unique problem with wastewater 
treatment.  Their peak need is in the winter, 
when conventional sewage treatment methods 
function at slower rates and microbial 
pathogens survive longer in water and soil.   

Aquatic biota are clearly influenced by 
changes in hydrology, water quality, sediment 
yield, and channel morphology, which are all 
probable events associated with development 
and operation of ski areas.  However, 
relatively few studies have directly examined 
the link between ski areas and changes in 
aquatic organisms.  Ski area development 
clearly results in changes to the surrounding 
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landscape, including loss of vegetation and 
topsoil, resulting in increased erosion (Ries 
1996).  Runoff from salt applied to ski area 
roads was shown to degrade water quality at a 
New Mexico ski area (Gosz 1977).  In a study 
that did attempt to examine impacts on 
aquatic animals, abundance and biomass of 
stream invertebrates below a ski area were 
reduced, a result attributed to increased 
sediment load (Molles and Gosz 1980).  In 
addition, downstream nutrient concentrations 
were elevated and dilution by downstream 
tributaries was necessary to dilute nutrients 
to acceptable concentrations.   

Ski areas may also impinge upon 
particularly important aquatic resources.  For 
example, ski areas in the Intermountain West 
are often located in higher elevation 
watersheds that contain sensitive and 
threatened species of native cutthroat trout.  
Historically, these trout were also found in 
lower elevation streams, but habitat loss and 
competition with nonnative fishes has 
generally restricted their present distribution 
to headwater streams, where they often exist 
as isolated populations (Behnke 1992).  Thus, 
ski area activities that influence these small 
streams, such as erosion from ski runs or 
dewatering for snowmaking, can have 
profound influences on the population 
viability of these trout. 

  

 
 
Photo 4.2.  Skiing is very popular in Colorado 
where most ski resorts are located on U.S. Forest 
Service lands. 
 

Effects Analysis 
 
Hydrology 
 
Effects 
1) Water withdrawals for snowmaking.  

Water use for resort and associated 
developments.  Increased amount of 
impervious surfaces (from buildings, 
roads, and parking lots). 

2) Increased snowmelt flood flows, increased 
water yield, increased runoff from 
impervious surfaces. 

 
Water Quality  
 
Effects 
1) Contaminants introduced to pristine 

headwater streams from snowmaking 
from contaminated sources. 

2) Salts, heavy metals, petroleum residues, 
and other chemicals running off from 
roads or other areas associated with ski 
resorts. 

3) Nutrient increases from sewage treatment 
facilities and fertilizers. 

4) Increased sediment yield from changed 
hydrology and from disturbed areas. 

 
Riparian and Wetland Condition 
 
Effects 
1) Wetland and riparian loss or alteration 

due to development of structures, parking 
lots, access roads, and ski runs. 

2) Changes to wetland and riparian 
vegetation due to snowmaking (decreasing 
the growing season, changing soil 
moisture patterns). 

 
Channel Condition 
 
Effects 
1) Channel modifications to accommodate 

water withdrawals for snowmaking and 
ski runs. 

2) Channel adjustments associated with 
changes in peak flows associated with 
snowmaking (incision or widening). 

3) Changes in stream channel morphology 
from increased sediment discharge.  
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Biotic Condition 
 
Effects 
1) Potential to spread whirling disease or 

other diseases from snowmaking from a 
contaminated source. 

2) Potential for invasive plant establishment 
from increased human presence and 
activity. 

 

 
 
Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin • Narrative description of locations, construction dates, and use trends.* 
 
Landscape 
(4th level HUB) 

• Number of ski areas/4th level HUBs inside and outside of National Forest 
boundaries. * 

• Describe which stream or river systems are influenced or areas of unique wetlands 
and riparian characteristics. * 

 
 
Management 
(6th level HUB) 

• Change in water yield (due to snowmaking and consumption) per 6th level HUB. ** 
• Ski area density; acres within ski area boundary /total acres in 6th level HUB. ** 
• Ratio of stream miles within and downstream of ski area / stream mile /6th level 

HUB. ** 
• Density of stream miles influenced downstream to scale boundary (miles of 

permanent stream influenced downstream in each 6th level HUB /total stream mile 
for each 6th level HUB downstream to scale boundary). ** 

 
 
 
 
Reach/site 

• Deviation of downstream streams from natural hydrograph.  Determine if channel 
adjustments have occurred, and changes in habitat quality. 

• Site characteristics (slope, geology) of disturbed areas (runs and developments). 
• Area of wetlands and riparian areas disturbed {valley bottom} (vs. available) acres 

within ski area boundary/total acres within 6th level HUB. 
• Stream channels crossed by ski runs. 
• Location and type of wetlands in or near disturbed areas. 
• Wetlands covered by snowmaking. 
• Size, location, and surfacing of parking lots and roads. 
• Other expansion of impervious surfaces. 
• Direct water use. 
• Waste water treatment facilities and function. 
• Changes in instream habitat and channel morphology. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
 
 
Management Implications 
 

Ski areas provide outdoor recreation for 
millions of people every year.  Because of the 
sensitive location of these activities and the 
extensiveness of the land alterations, great 
care must be taken to minimize impacts to 
aquatic resources. Parking areas, roads, 
buildings, wastewater treatment facilities and 

other permanent structures should be 
carefully sited.  Increased peak flows can be 
expected if artificial snowmaking is extensive 
and channel changes are expected in 
unarmored streams.  By understanding the 
sensitivity and risk associated with the 
location of ski areas, and managing 
accordingly, impacts could be limited. 
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CHAPTER 5 
Biological Category 

 
Invasive Species:  Invasive Plants 
 
Introduction 
 

Invasive plants are commonly considered 
to be today’s greatest threat to natural 
biodiversity and ecosystem health.  States and 
other governmental entities have long 
designated plant species, which are non-
native and invasive, as “noxious weeds.”  In 
general, invasive plants are those species, not 
native to a given area, that have the potential 
following introduction to spread and to cause 
significant detrimental impacts to native 
communities and human resources (Sheley 
and Petroff, 1999). Invasive plants generally 
exhibit one or more characteristics which 
enable them to aggressively out-compete 
native plant species  

Invasive plants are potentially a side 
effect of many human related activities 
addressed as a ‘measurement’ item under 
many of the specific anthropogenic factors 
discussed elsewhere in this document.  
However, they are also covered under their 
own separate factor category because of the 
potential environmental impacts associated 
with the invasive species themselves, as well 
as the potential effects associated with their 
management. 

Within the Rocky Mountains and western 
Great Plains, noxious weeds are the most 
common and widespread invasive plant.  
Treatment of noxious weed acres on National 
Forest System lands in the west has expanded 
greatly over the past decade (USDA Forest 
Service 2080 files).  There are an estimated 
twenty species of invasive noxious weeds 
currently present in this region that have 
received substantial management emphasis 
over the past several decades.  Noxious weeds 
are found in all habitat types, at all elevations 
and settings.  Some species are particularly 
invasive in wetland or riparian ecosystems 
(such as purple loosestrife or leafy spurge) 
while others are capable of invading the drier 
portions of these ecosystems (e.g., several of 
the knapweeds, two species of toadflax, and 
yellow star thistle).  Some species are best 

adapted to invade into disturbed sites while 
many are capable of invasion into essentially 
pristine conditions.  All are highly competitive 
and are frequently able to dominate and 
suppress native ecosystems. 
 

 
 
Photo 5.1.  Purple loosestrife (Photo courtesy of 
Chuck Quimby). 
 
 
Effects Analysis 
 

Invasive plants can have the following 
effects (Sheley and Petroff, 1999): 
 
Hydrology 
 
Effects 
1) Alteration of stream flow regimes (timing 

and intensity) through reductions in 
effective ground cover. 
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Water Quality 
 
Effects 
1) Alteration of water temperature regimes 

(loss of shade producing vegetation); 
increased sedimentation (relative to 
reductions in effective ground cover).  

 
Riparian and Wetland Condition  
 
Effects 
1) Loss of native biodiversity -replacement of 

native plant species; reductions in 
effective live ground cover. 

2) Alteration of water relationships. 
 
Channel Condition  
 
Effects 
1) Alteration of bank stability (relative to 

replacement of deep rooted species with 
species less capable of bank holding); 
alteration of sediment regimes (relative to 
reductions in effective ground cover). 

 
Biotic Condition 
 
Effects 
1) Alteration of nutrient/plant material 

inputs. 
2) Alteration of wildlife or aquatic animal 

habitats; alteration of macro-invertebrate 
community relationships. 

 
Terrestrial Influences 
 
Effects 
1) Alteration of native plant community 

composition and cover, displacement of 
native plant species; increased solar 

radiation to the ground surface; increased 
evaporation; increased runoff and 
sediment transport; loss or alteration of 
wildlife habitats (cover, nesting, forage). 

2) Displacement of wildlife populations due 
to loss of habitat; increased sediment 
input to stream systems; loss of 
recreational and visual values; decreases 
in land economic values; increased land 
management costs. 

 
Some habitats are more sensitive to 

impact by invasive plants than are others. In 
general, dry uplands, especially those that 
have been impacted by human related 
activities (logging, roads, livestock grazing, 
OHV use, mining, etc.) are highly susceptible 
and often have a relatively low potential for 
natural recovery.  Riparian and wetland 
habitats are generally less susceptible but 
certain species are highly capable of invasion 
(e.g., purple loosestrife).  These species are 
most capable of invasion into damaged 
communities but are capable of invasion into 
pristine communities as well.  In general, the 
riparian-wetland communities most 
susceptible to invasion and negative impacts 
are the lower gradient, open-canopied, and 
fine-textured soils sites.  These areas are also 
areas with the greatest risk of impact from 
many human related activities. 

In order to address the influence of 
invasive plants on species viability and 
ecosystem sustainability, several scales need 
to be addressed.  The following table 
illustrates the analysis needed to provide a 
comprehensive view of the influence of 
invasive plants invasion and spread, and 
invasive plants management activities, on 
aquatic, riparian, and wetland resources. 
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Measurement of Effects Table 
 

SCALE Evaluation Criteria 
 
Basin 

• Narrative description of invasive plants occurrence, distribution, and trends, over 
time.*  

• General assessment of effects of treatment activities. 
 
 
 
Landscape  
(4th level HUB) 

• Location and density of invasive plants within and outside of National 
Forest/Grasslands boundaries per 4th level HUB (acres occupied/total acre /4th 
level HUB). * 

• Risk assessment of invasion and spread (average acreage of disturbed soil – 
roads, trails, moderate to high intensity fire, soil impacting timber management, 
grazing above standards, etc. plus vectors for spread – roads, trails, active 
livestock allotments, heavy equipment use, wildlife migration patterns, etc.) 
(from Regan et al. 2004). *   

 
Management  
(6th level HUB) 

• See Management Scale Evaluation Criteria Below: General assessment of effects 
of treatment activities by method. ** 

• Density of known invasive plants/6th level HUB (acres occupied/acres/6th level 
HUB). ** 

 
Reach/site 

• Plot measures of changes in native or desirable vegetative communities, changes 
in effective ground cover/bare soil.  

• Invasive plant inventory data. 
*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
 
Management Scale Evaluation Criteria 
 

Noxious weeds have become an 
increasingly important problem in aquatic, 
riparian, and wetland ecosystems (USDA 
Forest Service 1999).  Many plants (e.g., 
Purple loosestrife) were originally used as 
ornamental plants, but escaped into these 
naturally wet environments where they 
flourish.  Other species such as Tamarisk 
were used as erosion control plants, latter to 
be found to be actually deleterious to native 
plants.  While noxious weeds are becoming a 
threat, there long-term influence on aquatic, 
riparian, and wetland resources are poorly 
understood.  Even less understood is the 
influence of noxious weeds, in light of the 
many management influences that have and 
are occurring on National Forest lands.  In 

order to address the needs of Forest Service 
personnel to address the risk of noxious weeds 
to aquatic, riparian, and wetland resources 
and how that relates to anthropogenic 
resource, we are proposing using the process 
identified by Regan et al. (2004).  This 
information will be used in conjunction with 
our ecological driver sensitivity and risk 
analysis (Winters et al. 2004) and incorporate 
results of individual anthropogenic analysis 
(Fig. 5.1). 

Results of the noxious weed model will be 
partitioned by 6th level HUBS (Fig. 5.1).  Once 
this analysis has been performed, a cluster 
analysis as described by Winters et al. (2004) 
will be used to identify 6th level HUBs with 
similar noxious weed risk.  These clusters will 
be interpreted and their relationship to 
anthropogenic activities defined. 
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We expect the results of this analysis to 
answer the following questions related to 
aquatic, riparian, and wetland resources: 

 
1) What is the relationship between aquatic, 

riparian, and wetland ecological risk and 
noxious weed risk on a 6th level HUB 
basis? 

2) What is the relationship between noxious 
weed risk, ecological sensitivity and 
anthropogenic influences on a 6th level 
HUB basis? 

3) Where are the highest risk 6th level HUB 
areas associated with National Forest 
lands? 

 
 

 
Results of 
 Ecological 

Driver Analysis 
Sensitivity/Risk 

Noxious Weed Model 
(Terrestrial Ecosystem Team)

High  – Medium  - Low

Partition by 6th Level HUB Intersecting 
the National Forest/Grassland Boundary 

    and Conduct Cluster Analysis to Produce  
Groupings of Similar Watersheds 

     Relationship Between 
   Noxious Weed Model and 

ARW Resources

Results of Anthropogenic  
Activity Analysis 

Overall Sensitivity of 
ARW Resources to Noxious Weeds

 
 
 
 
 
 
Figure 5.1.  Pathway for addressing relationships between noxious weed risk, ecological driver analysis, and 
anthropogenic effects for aquatic, riparian, and wetland (ARW) resources (USDA Forest Service 1999).
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Management Implications 
 

Noxious weeds/invasive plants vary widely 
in their ability to invade into relatively intact 
native or altered ecosystems, and in their 
ability to supplant native or desirable 
vegetation.  In general though, these species 
have the effect of replacing native or desirable 
vegetation (Sheley et al. 1995; Young et al. 
1998).  They are frequently adapted to out-
compete native plant communities leaving 
little to no other vegetation able to grow below 
their canopy.  This has the result of 
decreasing natural soil protection from 
precipitation and runoff by increasing the 
amount of bare soil (Sheley et al. 1995; Young 
et al. 1998).  Decreased soil protection by the 
plant community structure and litter 
frequently results in increased amounts of 
runoff and sediment delivery, permanently 
altering aquatic, riparian, and wetland 
systems (Lacey et al. 1989).  For the most 
part, these species are not palatable to native 
animal species and generally do not provide 
quality habitat values such as for nesting, etc.   

Treatment activities for management of 
invasive plants can involve various strategies 
and treatments.  Most frequently, a 
combination of some form of herbicide 
treatment combined with other treatments 
such as manual, mechanical or biological are 
used.  These effects are discussed under the 
Pesticides section. 

Little information is currently available in 
GIS or database format regarding invasive 
species occurrence, spread rates, or treatment 
actions.  Some of this information is available 
via hard copy but needs to be installed in 
electronic formats to allow analysis.  When 
this is completed, the data can be used to 
validate the risk assessment model and to 
provide more detailed information regarding 
invasion trends, effectiveness of management 
actions, effects on other resources, etc. 
 

Invasive Species: Aquatic Animals 
 
Introduction 
 

Invasions by exotic, aquatic animals  (e.g., 
fish, amphibians, crustaceans, mollusks, and 
insects) are a pervasive impediment to 
maintaining intact natural aquatic ecosystems 
in the United States and this is a recurrent 
theme across the nation (Rahel 2000).  
Additionally, intentional distributions of 
native species beyond their historical ranges 
have provided high recreational value, often 
at the detriment to native species.  In the 
American west, it is likely, that the first 
humans to translocate native fish from their 
natal streams, rivers, and lakes into 
previously fishless waters were Euro-
Americans: sheep herders, settlers, and 
miners (Knapp et al. 2001). In the mid-
nineteenth century, translocations of fish were 
undertaken to provide food for local 
immigrant communities and other settlers 
who commonly used fish where available as a 
common food source.  Native Americans were 
not known to translocate fish in the Rocky 
Mountains, as they were relatively plentiful 
and other sources of food were generally 
available to them.    

After the transcontinental railway was 
completed in 1869, this new national 
infrastructure provided an effective conduit by 
which to translocate species from coast to 
coast.  Interestingly, many non-native trout 
(e.g., brook trout, brown trout, and rainbow 
trout) were introduced into the western 
United States by railway in the mid- to late 
1800s (Fuller et al. 1999).  In the eastern 
United States, non-native species such as 
brown trout were introduced into native 
ecosystems much sooner than in other parts of 
the country (e.g., mid to late 1800s).  

Non-native fish species such as rainbow 
trout have hybridized with native salmonids 
such as golden trout and cutthroat trout, 
while brook trout and brown trout tend to 
have a competitive edge over native trout 
where they occur in sympatry (Behnke 2002).  
Luckily, there are some limitations associated 
with the pervasiveness of non-native trout in 
the Rocky Mountains.  Vincent and Miller 
(1969) found an elevation limit for brown trout 
between 2,590 m and 2,750 m in the Poudre 
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River drainage in Colorado.  While they found 
brook trout at higher elevations, their 
conclusion was that water temperature 
limited the expansion of brown trout (and 
probably rainbow trout) into upper elevation 
streams. Warmwater fish (e.g., sand shiner; 
Notropis stramineus) are also limited to 
elevations related to habitat conditions and 
water temperature.  The highest diversity of 
fish species found in the upper Missouri River 
Basin are restricted to habitats within the 
Great Plains, unable to withstand the 
environmental conditions found in the more 
mountainous areas (Baxter and Stone 1995).  
These temperature “barriers” no doubt restrict 
the movement of eastern plains fish, and some 
fish such as the common carp (Cyprinus 
carpio) from moving into streams within the 
Bighorn Mountains.  In addition, thermal 
barriers no doubt limit the downstream 
distribution of non-native and native 
salmonids.     

While the introduction of non-native fish 
has changed the distribution and arguably 
taxa “fitness” of many native species, they 
have also provided an important recreational 
source for an increasing population in the 
Rocky Mountains.  In 1996, there were 
approximately 4,833,715 fishing days in the 
Rocky Mountain Region of the USDA Forest 
Service, resulting in an estimated 
$183,535,664 in economic output (TRCA 
2000).  Obviously, maintaining this important 
recreational activity is valuable to the public, 
and must be balanced with native species 
management.  Many of the native subspecies 
of cutthroat trout are relatively sensitive to 
angling pressure, and anthropogenic 
influences brought about by Euro-American 
settlement.  Indeed, the yellow fin trout 
(Oncorhunchus clarki mcdonaldi) became 
extinct in only 17 years following its discovery 
by anglers in Twin Lakes, Colorado (Behnke 
2002).  One account documents that in 1876, 
General George Cook and his soldiers caught 
several thousand Yellowstone cutthroat trout 
in a couple of weeks while camping on the 
Tongue River west of Sheridan, Wyoming.  
Other accounts of early Euro-American 
inhabitants describe extremely large catches 
of native trout in relatively short time periods.  
While the social values and legal constraints 
no longer allow such unregulated harvest, it 

appears that fishing pressure alone may have 
reduced the range of native trout by itself. 

Non-native trout such as brook and brown 
trout seem to be well adapted to the changes 
brought about by Euro-American settlement.  
Anthropogenic activities, such as those 
described in this assessment, have in large 
part resulted in habitat conditions that are 
quite dissimilar to those that were probably 
here prior to Euro-American settlement (Wohl 
2001).  Trout species such as the brown and 
brook trout appear to be more resilient to the 
cumulative influences of these activities, in 
some cases filling a void that may have been 
left by the elimination of native sub species of 
cutthroat trout in the Rocky Mountains.  
While rainbow trout do not appear to be as 
resilient in the Rocky Mountains (in large part 
because of their spring spawning behavior) 
they are successfully reared in hatcheries and 
can be planted in marginal habitats where 
they are quickly removed by anglers.  This 
“put and take” management provides angling 
in some areas where habitat conditions are no 
longer suitable for self-sustaining populations 
of native salmonids. 

 

 
 
Photo 5.2.  Eastern brook trout is a non-native 
species that is important from a recreation fishery 
standpoint as well as a competitor with native 
salmonids (Photo courtesy of Pete Gallagher). 

 
While elevation and temperature limits 

may limit the invasion of certain species, one 
invasive species in particular is a realized 
threat to native and non-native salmonids in 
the Rocky Mountains, the whirling disease 
parasite (Myxobolis cerabalis).  This 
microscopic parasite was first introduced into 
the United States 1950s (Behnke 2002).  
However, more recent findings of Myxobilis 
cerabilis in Rocky Mountain States such as 
Colorado and Montana have shown that they 
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can have dramatic effects on salmonid 
populations (other than brown trout) often in 
valuable fisheries.  Stream habitat 
degradation and increased sedimentation may 
increase populations of this invasive parasite 
by creating more habitats for its intermediate 
host, the tubifix worm (Tubifex tubifex).  In 
more pristine, high elevation stream systems, 
the whirling disease parasite does not appear 
to be becoming well established.  This 
observation may be due to the habitat and 
temperature limitations of the tubifix worm 
itself.  Increased sedimentation and stream 
temperatures from management activities 
could increase the habitat occupied by tubifix 
worms and ultimately the whirling disease 
parasite.    

Water quality can be both positively and 
negatively affected by the introductions of 
invasive animal species.  Invasive mollusks 
and other filter feeders can negatively alter or 
even improve water quality by filtering 
dissolved and suspended pollutants from 
waters.  Also, filter-feeding invaders can 
reduce primary productivity by reducing 
phytoplankton populations.  In the Bighorn 
Mountains, as with most Rocky Mountain 
streams, productivity is limited and effects 
from filtering of nutrients is doubtful. 

The most profound impacts of invasive, 
aquatic animals are their biological influences 
on native aquatic biota.  Invasive fish, 
crustaceans, mollusks, and amphibians can 
deplete native aquatic biota, by out-competing 
them for essential resources (Knapp and 
Matthews 2000; Pilliod and Peterson 2001).   
Also, invasive species can diminish native 
populations of aquatic biota (invertebrate and 
vertebrate) by predation (Knapp and 
Matthews 2000).  Altered predator-prey 
relationships can also disrupt food chains and 
nutrient cycling by displacing or eliminating 
vulnerable trophic levels (e.g., large 
zooplankton). 

A variety of benefits may accrue to 
aquatic, riparian, and wetland ecosystems if 
proper management strategies to control 
invasive, aquatic animals are implemented.  
Many non-endemic species of plants and 
animals have been and will continue to be 
managed for public utilization.  Several 
species of fish are managed as recreational 
species in the Rocky Mountain Region.  Trout, 

such as rainbow trout (Oncorhynchus 
gairdneri) are in high demand by the public.  
Other species that were thought to be 
important as a recreational or food source like 
the common carp (Cyprinus carpio) are now 
out of favor with the public and have become 
competitors with native species.   

When native aquatic fauna and their 
associated ecosystems remain intact, they 
provide rare opportunities to investigate how 
these ecosystems evolved and how their 
structures and functions are related to their 
evolution.  Collecting and expanding available 
data that can assist our understanding of the 
complex interactions among ecosystems and 
associated fauna helps to preserve ecosystems 
and their faunal communities. 
 
Effects Analysis 
 

The potential effects of invasive species on 
aquatic, riparian, and wetland ecosystems are 
the following: 
 
Hydrology 
 

Excepting exotic aquatic plants and exotic 
mollusks, non-native aquatic species 
introductions are not likely to directly or 
indirectly effect hydrologic processes and 
functions in watersheds.  Non-native species 
tend to invade watersheds that have been 
disturbed by other means.  Even, native 
species whose historical distributions have 
been restricted by one or more variables 
(habitat conditions, physiology, behavior, etc.), 
can expand their population distributions 
given sufficient alterations to natural 
hydrologic processes or functions (Berkman 
and Rabeni 1987; Jones et al. 1999).  But, 
seldom if ever, can exotic species invasions 
affect watershed hydrology.  
 
Water Quality 
 

Water quality can be both positively and 
negatively affected by the introductions of 
invasive animal species.  Invasive mollusks 
and other filter feeders can negatively alter or 
even improve water quality by filtering 
dissolved and suspended pollutants from 
waters.  Also, filter-feeding invaders can 
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reduce primary productivity by reducing 
phytoplankton populations. 
 
 Effects 
1) Filter-feeding mollusks (e.g., zebra 

mussels and Chinese clams) can prevent 
or reduce algal blooms and phytoplankton 
blooms; when blooms decompose, they can 
cause reductions in dissolved oxygen 
content. 

2) Filter-feeding invaders can reduce the 
concentrations of suspended and dissolved 
pollutants in water bodies. 

3) Filter-feeding invaders can out compete 
native species by reducing the availability 
of nutrients and suspended food sources 
upon which native species rely. 

 
Riparian and Wetland Condition 
 

Invasive, aquatic animals are not likely to 
impact riparian and aquatic plant 
communities. 
 
Channel Condition 
 

Invasive, aquatic animals are not known 
to impact channel conditions. 
 
Biotic Condition 
 

The most profound impacts of invasive, 
aquatic animals are their biological influences 

on native aquatic biota.  Invasive fish, 
crustaceans, mollusks, and amphibians can 
deplete native aquatic biota, especially native 
trout, by out-competing them for essential 
resources (Knapp and Matthews 2000; Pilliod 
and Peterson 2001).   Also, invasive species 
can diminish native populations of aquatic 
biota (invertebrate and vertebrate) by 
predation (Knapp and Matthews 2000).  
Altered predator-prey relationships can also 
disrupt food chains and nutrient cycling by 
displacing or eliminating vulnerable trophic 
levels (e.g., large zooplankton). 
 
Effects 
1) Invasive aquatic animals can dilute native 

gene pools and deplete populations by 
hybridization, predation, and competition. 

2) Invasive aquatic animals can reduce or 
eliminate native populations by spreading 
exotic pathogens (e.g., whirling disease 
protozoan). 

3) Invasive aquatic animals can reduce 
reproductive success in native species 
(e.g., exotic crayfish consuming eggs). 

4) Invasive aquatic animals can disrupt food 
chains and alter nutrient cycling by 
eliminating vulnerable trophic levels and 
guilds (e.g., change in the relative 
abundance of zooplankton versus 
phytoplankton). 

 
Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin • Introduction dates and strategies for introducing exotic taxa. * 
Landscape  
(4th level HUB) 

• Percentage of lakes and miles of stream that contain invasive, aquatic animals. * 
• Distribution of historic range of native species in relationship to invasive or non-

native species. * 
 
 
Management  
(6th level HUB) 

• Percent of 6th level HUB (miles of stream occupied/per stream mile/6th level HUB 
or acres of lake occupied/lake acres/6th level HUB) occupied with invasive and 
non-native species (e.g. whirling disease). ** 

• Historic extent of native species identified (e.g., native salmonid fish). ** 
• Identification of 6th level HUBs with high suitability of habitat characteristics, 

based on ecological driver results. ** 
• Percent of highly suitable 6th level HUBs with native species occupation. ** 

 
Reach/site 

• Conduct presence-absence surveys and population estimates of invasive species 
versus natives using mark-recapture or depletion methodology. 

• Assess competition and/or hybridization influences on native species 
• Assess habitat alteration that could increase habitat conditions for invasive or 

non-native species. 
*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
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Management Implications 
 

A variety of benefits may accrue to 
aquatic, riparian, and wetland ecosystems if 
proper management strategies to control 
invasive, aquatic animals are implemented.  
Many non-endemic species of plants and 
animals have been and will continue to be 
managed for public utilization.  Several 
species of fish are managed as recreational 
species in the Rocky Mountain region.  Trout, 
such as rainbow trout (Oncorhynchus 
gairdneri) are in high demand by the public.  
Other species that were thought to be 
important as a recreational or food source like 
the common carp (Cyprinus carpio) are now 
out of favor with the public and have become 
competitors with native species.  Most of these 
species do not modify local habitats, and 
native aquatic wildlife communities will be 
viable and are likely to persist, even if their 
distributions are relatively diminished.  
Ecosystem functions (services) provided by 
native aquatic animals are retained in their 
associated environments.   Additionally, 
intraspecific and interspecific interactions 
such as predator-prey relations and 
competition will not result in the replacement 
of native species by invasive ones.  Finally, 
ecosystem processes such as nutrient cycling 
and food-chain dynamics that are mediated by 
native aquatic animals are likely to be kept 
intact.  Clearly, there are additional benefits 
that accrue to ecosystem integrity due to 
appropriate management of invasive aquatic 
animals. 

When native aquatic fauna and their 
associated ecosystems remain intact, they 
provide rare opportunities to investigate how 
these ecosystems evolved and how their 
structures and functions are related to their 
evolution.   Collecting and expanding 
available data that can assist our 
understanding of the complex interactions 
among ecosystems and associated fauna helps 
to preserve ecosystems and their faunal 
communities. 
 

Influences of Beaver Removal  
 
Introduction 
 

Beaver (Castor canadensis) are habitat-
modifying keystone species in lotic, riparian, 
and wetland habitats (Butler 1995; McKinstry 
et al. 2001; Collen and Gibson 2001), and their 
dam-building activities can influence a large 
proportion of a given watershed and landscape 
(Naiman et al. 1988).  Beaver are an integral 
part of most headwater stream ecosystems in 
the Intermountain region (Wohl 2001), where 
their activities can alter stream channels and 
riparian zones and affect basic processes such 
as nutrient cycling (Naiman et al. 1988; 
Naiman et al. 1994).  Beaver impoundments 
generally have a positive effect on aquatic, 
riparian, and wetland habitats because they 
elevate water tables and enhance riparian 
vegetation (Olson and Hubert 1994), create 
deeper water habitats with velocity and 
thermal refugia (Hagglund and Sjoberg 1999), 
decrease water velocities and promote 
sediment retention (Naiman et al. 1988), 
improve water quality by facilitating riparian 
habitats that intercept nutrient and chemical 
contaminants (Olson and Hubert 1994), and 
increase upstream water storage to buffer 
against floods and summer droughts (Olson 
and Hubert 1994).  These beaver-induced 
hydrological and biogeochemical changes also 
affect aquatic, riparian, and wetland biota.  
For example, beaver ponds exert strong 
influences on aquatic invertebrates (McDowell 
and Naiman 1986; Clifford et al. 1993; 
Margolis et al. 2001), fishes (Snodgrass and 
Meffe 1998; Hagglund and Sjoberg 1999), 
herpetofauna (e.g., amphibians and reptiles: 
Russell et al. 1999; Metts et al. 2001), and 
birds (Brown et al. 1996; McKinstry et al. 
2001). 

Unfortunately, Euro-American settlers 
were concerned with the economic exploitation 
of beaver, rather than their benefits as 
ecosystem engineers, and nearly extirpated 
them from the North America.   European 
beaver (Castor fiber) were nearly extirpated 
by 1600, and early immigrants found a rich 
source of beaver pelts in America.  At the time 
of European arrival in North America there 
may have been up to 400 million beaver living 
on the continent (Naiman et al. 1988), but by 
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1850 this number probably dropped below 
nine million.  Nonetheless, trapping continued 
and the pattern of beaver extermination 
observed earlier in Europe was essentially 
repeated in North America (McNamee 1994).  
The removal of beaver brought about major 
and long-lasting changes in the western 
landscape, because it signified the loss of a 
dynamic structuring element.  Beaver removal 
has, in part, contributed to increase down 
cutting of stream channels (Wohl 2001), and a 
reduction in the complexity and extent of 
aquatic and wetland habitats.  For example, 
wetland habitats in the western U.S. are rare, 
but provide habitat for a large proportion of 
waterfowl species in the area (McKinstry et al. 
2001).  Beaver create these types of regionally 
rare habitats, so their local extirpation likely 
reduced these habitats and affected wildlife 
populations.   

Loss of beaver would affect sediment 
delivery and flow regime.  Beaver 
impoundments often facilitate sediment 
deposition and storage (Wohl 2001), but in 
their absence, sediment might be transported 
further downstream and be deposited in 
crucial fish spawning habitats.  Rocky 
Mountain region hydrographs are likely 
affected by loss of beaver impoundments 
because water storage capacity in first 
through fourth order streams is reduced.  
Thus, water is delivered more quickly in the 
absence of beaver dams, rather than being 
slowly released to buffer against periods of low 
flow. 
 

 
 
Photo 5.3.  An active beaver dam and pond in the 
Rocky Mountains. 
 

Effects Analysis 
 

The potential effects of beaver removal on 
aquatic, riparian, and wetland resources are 
the following: 
 
Hydrology 
 
Effects 
1) Alteration of basin hydrograph during 

peak flows reducing the time to peak; and 
reducing the duration of the recession 
limb. 

2) Lower late season baseflows. 
3) Lower local water tables. 
 
Water Quality 
 
Effects  
1) Reducing sediment deposition behind the 

dam; and  
2) Increasing bank erosion and subsequent 

nutrient contributions downstream.  
Reduced and altered water temperatures 
as dams are eliminated.  Slightly elevated 
stream temperatures in streams in the 
Rocky Mountains can have a beneficial 
influence on stream production. (Olson 
and Hubert 1994). 

3) Sediment accumulation behind beaver 
dams influences the biochemical carbon 
cycling in a stream.  Beaver ponds retain 
organic matter and store it in sediments.  
Therefore, removal of beaver ponds would 
stop the that enhance the biological 
productivity of headwater streams.   

 
Riparian and Wetland Condition 
 
Effects  
Beavers have been the single most influential 
factor affecting the overall state of riparian 
landscapes in some areas.   
1) Beaver ponds enhance riparian habitat by 

increasing the water surface area. 
2) Ponds store water in the floodplain by 

elevating the water depth.   
3) Beaver ponds also reduce the local stream 

slope.    
4) Bank storage of water percolates into the 

floodplain and increases the local water 
table.   
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5) Storage enhances summer flows, adds cold 
water during summer and creates a more 
even stream flow throughout the year.  
The storage of water in ponds reduces 
downstream flooding and prevents 
channel erosion during floods (Olson and 
Hubert 1994).   

6) Raising the water table enhances the 
growth of riparian vegetation and the 
stabilization of stream banks (Olson and 
Hubert 1994). 

 
Channel Condition 
 
Effects  
Beaver ponds directly affect the flow of water 
in the stream channel.  Direct effects include:  
1) Changing bottom substrate from gravel to 

silt;  
2) Decreasing water velocity; 
3) Reducing winter icing;  
4) Decreasing water temperature extremes; 
5) Dam building creates habitat for a variety 

of species of wildlife including waterfowl, 
fish and browsing animals, and   

6) Overall, trout biomass is increased along 
with the average size of trout in stream 
sections with beaver dams. 

 
Removal of beaver populations and their dams 
can result in a reversal of these processes. 
 

Biotic Condition 
 
Effects 
1) Beaver ponds create stream habitats 

where none existed before, especially in 
headwater stream and wetland systems. 

2) Beaver ponds improve fish habitat:  
• In the Rocky Mountains, spreading 

and slowing water velocities tends to 
warm naturally cold water in 
headwater streams.  Higher water 
temperatures tend to be more 
productive and increase food 
production and the growth of trout. 

 
• Habitat conditions produced by beaver 

ponds tend to favor non-native species 
such as brook trout.  Brook trout tend 
to be abundant in active beaver ponds.  
Species such as brook trout and 
cutthroat trout tend to be most 
abundant in streams with active 
beaver ponds but are generally absent 
in streams with only abandoned ponds 
(Olson and Hubert 1994). 

 
The removal of beavers can effectively 

lower the upstream limits of fish populations, 
by eliminating the abundant habitat that 
beaver dams provide.  Habitat in these areas 
is marginal or not adequate to sustain 
populations without the relatively deep-water 
environment provided by the dams. 
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Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin • Narrative description of beaver occurrence and influence.* 

• Historic distribution of beaver over basin. * 
 
Landscape 
(4th level HUB) 

• Map of 4th level watersheds with suitable beaver habitat. * 
• Map of 4th level watersheds with occupied beaver habitat. * 
• Comparison beaver habitat between 4th level HUBs within and outside of 

administrative units. *  
 
 
 
Management 
(6th level HUB) 

• Percentage of stream miles with suitable beaver habitat (miles /total 
stream mile/6th level HUB).  Suitable habitat is determined using the 
following criteria: 
o Perennial streams with gradients < 15%.  Stream slopes < 3% are 

ideal. 
o Valley widths greater than 150 feet. ** 

• Percentage of stream miles with occupied beaver habitat per 6th level HUB 
(stream miles occupied/total stream miles /6th level HUB). * 

 
Reach/site 

• Site monitoring and trend analysis of beaver activity (cuttings, dams, 
lodges). 

• Monitoring of habitat conditions in preferred habitat areas in relationship 
to other management activities. 

 •  
*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 

 
Management Implications 
 

In recent years, beaver management has 
largely involved removing nuisance beavers 
from areas where they are impinging on roads 
or other infrastructure.  These structures 
were built in valley bottoms that were 
historically part of the active floodplain.  The 
importance of beavers for protecting 
watersheds, improving wetland and riparian 
quality and quantity, and providing valuable 
habitat for plants and animals has only 
recently been recognized in the Rocky 
Mountains (Wohl 2001; 2002).  Although 
beavers were almost eliminated in the Rocky 
Mountains in the 1800s, populations have 
increased slowly on National 
Forest/Grasslands in Region 2.  Allowing 
beavers to flourish in areas that historically 
had populations is probably the most cost and 
time effective way to improve riparian and 
fish habitat.  In addition, the effects of 
trapping sediment and storing water so that it 
can be released more slowly are a basic 
foundation of watershed management.  
Beavers require little if any active 
management, although restocking in areas 
where they have been removed could be 
beneficial.  In the future, we will have to rely 
on cost effective management techniques such 

as beaver establishment in order to maintain 
and improve aquatic, riparian, and wetland 
ecosystems. 
 
Pesticide Use 
 
Introduction 

 
Pesticide use, as an anthropogenic 

category, includes a variety of practices.  The 
most common use of pesticides include: 
herbicides to kill or suppress unwanted 
vegetation (noxious weeds, agricultural weed 
control, domestic household/business weed 
control, and management of competing 
vegetation in plantations); insecticides to kill 
or suppress various insect species 
(agricultural uses, domestic 
household/business uses, forestland insect 
management, mosquito control, etc.); 
rodenticides (domestic rodent control, 
agricultural rodent control, control of 
rangeland or forest land rodents, etc.); and a 
variety of fungicides (Michael 2000).   The 
large majority of these uses occurs on and 
associated with private lands including 
agricultural lands and households (Michael, 
2000).  Use of pesticides on National Forest 
System (NFS) lands is relatively limited 
(Michael 2000; Binkley and Brown 1993). 
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Specific uses on NFS lands include 
management of invasive plants (herbicides).  
This use occurs across the region but only on 
scattered areas of limited scope and extent.  
As invasive plants continue to invade and 
spread, it would be expected that herbicide 
use might increase although efforts will 
continue to focus on the appropriate use of 
alternative means of meeting the objectives.  
There is also a limited use of herbicides in 
forest management activities within the 
region in conjunction with establishment of 
tree plantations.   

Insecticides are occasionally used to 
suppress insect invasions into forest or 
rangelands.  For forestlands, this use is 
infrequent and normally occurs on specific 
blocks of land.  Often a biological control is 
preferred in place of insecticides.  On 
rangelands, occasional use of pesticides occurs 
for the control of grasshopper or Mormon 
cricket outbreaks.  However, most of this 
activity occurs on private lands.  In any case, 
the actual treatment is managed by APHIS 
and the Forest Service role is generally 
limited to providing mitigation measures and 
terms and conditions.  Rodenticides may also 
be used in widely scattered locations for 
purposes ranging from protection of tree 
plantations from gophers to occasional prairie 
dog control where the population is affecting 
private lands.  Rodent control also occurs at 
Forest Service guard stations. 

Any and all riparian, aquatic, and wetland 
areas and many terrestrial habitats are 
potentially susceptible to pesticide impacts.  
Invasive plants can occur in any habitat on 
lands of any ownership. Restrictions on the 
use of herbicides by EPA, and mitigations 
applied through NEPA decisions, restrict use 
to only EPA registered herbicides with a very 
low potential for detrimental effects in 
wetland and aquatic environments.  In areas 
adjacent to aquatic, riparian, and wetland 
resources, less restrictive herbicides may be 
used but in all cases, there are restrictions on 
use to minimize potential detrimental 
impacts.  Insecticide applications occur in a 
wide variety of upland habitats with buffer 
zone restrictions (and other label restrictions) 
to minimize potential negative effects.  A 
similar situation exists with regard to 
rodenticides and other pesticides in that label 

restrictions and NEPA mitigations and 
constraints are designed to minimize the 
potential for chemicals to enter aquatic, 
riparian and wetland areas and/or to 
minimize potential for detrimental effects 
(Michael, 2000). 

In fiscal year 2000, the following summary 
details pesticide use in the Rocky Mountain 
Region.  Herbicides were applied on 
approximately 61,050 acres across the region 
with most of this occurring for management of 
noxious weeds and 82 acres for nursery use.  
And fungicides were applied on 153 acres, 
primarily for nursery use and insecticides 
were applied on 30 acres (USDA Forest 
Service 2001).   

In general, the potential for pesticides to 
impact resources is directly related to the type 
of chemical used, the characteristics of the 
chemical that could allow it to move to and 
impact specific areas, the location and site 
conditions where it is being applied, and the 
extent of the application across the landscape 
(Stafford 1994).  Most chemicals have 
properties that have the potential to cause 
detrimental impacts to specific resources.  
However, all chemicals also have clearly 
defined cautions and application instructions 
that are designed to minimize the potential for 
negative effects (Michael 2000).  The key is 
proper application.  On NFS lands, all 
applications are overseen by a licensed 
applicator that is fully familiar with label 
instructions and all safety requirements.  
Actual negative effects from applications are 
very rare although any application involves 
some degree of risk.  There are also risks 
associated with transport and storage of any 
pesticide.  These risks are minimized again by 
following label and safety instructions 
(Binkley and Brown 1993). 
 
Effects Analysis 
 

Potential effects from pesticide use include 
the following: 
 
Hydrology  
 

There are no effects on hydrology from the 
application of pesticides associated with 
National Forest lands in the Rocky Mountain 
Region. 



Version 1.0 

11/8/2004 62

 
Water Quality  
 
Effects 
1) Short term and chronic contamination of 

water bodies (pesticide accumulation in 
water). 

 
Channel Condition  
 
Effects 
1) Modification of channel stability dynamics 

as rooting structure changes.   
 
Riparian and Wetland Condition  
 
Effects 
1) Alteration of native plant communities 

from herbicide use (structure, composition, 

cover); increases in bare soil; kill or 
damage to non-target plant species.  

 
Biotic Condition  
 
Effects 
1) Kill or damage to non-target animal or 

plant species; human or animal health 
effects (including macroinvertebrates). 

 
In order to address the influence of 

pesticide uses on species viability and 
ecosystem sustainability, several scales need 
to be addressed.  The following table 
illustrates the analysis needed to provide a 
comprehensive view of the influence of 
pesticide uses on aquatic, riparian, and 
wetland resources. 

 
Measurement of Effects Table
 

SCALE Evaluation Criteria 
Basin • Narrative description of pesticide uses/effects; generalized data, historical 

description of use. 
Landscape  
(4th level HUB) 

• Acres treated within and outside of Forest/Grasslands boundaries for 4th 
level HUBs. 

 
Management  
(6th level HUB) 

• Density of acres treated by specific pesticides for each 6th level HUB. 
• Density of acres treated in valley bottom and uplands for each 6th level 

HUB (acres treated/total acres, valley bottom acres/6th level HUB). 
• Relationship to ecological driver analysis. 

 
Reach/site 

• Site specific sampling for effects – percent target species killed; non-target 
species killed or damaged (narrative plus data); change in bare soil; bare 
soil re-vegetated; water quality monitoring for occurrence of pesticide; 
exceptional or unusual effects narrative. 

 
 
Management Implications 
 

Pesticides are an important part of 
controlling undesirable species of plants and 
animals.  Pesticide use can have both 
beneficial effects and detrimental effects to 
the environment.  Beneficial effects would 
include the management of invasive species, 
control of insect or disease outbreaks.  
Detrimental effects would include the damage 
or kill of non-target species (plant or animal) 
and at times effects to human health.  As 
technology surrounding pesticides and their 
application improves we should become more 

effective in treating areas with less damage.  
While pesticides were once used to treat 
undesirable species of plants (e.g., willow 
species for water production and grazing) and 
animals (e.g., native fish for reduced 
competition with non-native desirable game 
fish), this practice is not conducted on public 
lands.  It is important to be able to track 
treatment actions and to be able to relate 
those actions to effects on the ground, so we 
can increase our ability to use pesticides 
effectively. 
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CHAPTER 6 
Mineral Extraction Category 

 
Hardrock Mining 
 
Introduction 

 
In the United States, extensive hardrock 

mining started in the 1880s remained a major 
industry in many states during the following 
70 to 80 years (Wireman 2000).  Mining has 
had a high legislative priority for over a 
century.  The 1872 U.S. Mining Laws Act 
granted top land-use priority to mineral 
extraction on all public lands not specifically 
withdrawn (Nelson et al. 1991).  The legacy of 
historic hardrock mining includes more than 
200,000 abandoned or inactive mines.  As of 
1992, there were more than 500 operating 
mines in the United States, of which, more 
than 200 are gold mines.  As of 1997, there 
were approximately 60 mine sites in 26 states 
on the Federal Superfund National Priorities 
List because of serious pollution problems 
(Wireman 2000). 

Metals sought during past and present 
mining activities in the Southern Rocky 
Mountains include copper, gold, lead, 
molybdenum, nickel, silver, vanadium, and 
zinc (Deacon et al. 2001). Mineral extraction 
can significantly influence water quality and 
aquatic, riparian, and wetland resources if 
done in an incorrect manner.  These 
influences can be brief or long lasting, and 
they differ with the type of ore, the mining 
and processing methods, and after mining 
ceases, the overall nature of how the mine is 
properly closed.  The impacts from mining 
include transport and deposition of sediment, 
acid runoff, and release and transport of 
dissolved metals and other associated mine 
contaminants (Wireman 2000).  

Hardrock mining can be a large-scale 
activity disturbing large areas of land.  Mines 
on public land in the Rocky Mountains are 
frequently located in watersheds with 
relatively little development and buffering 
capacity.  Unless proper environmental 
controls are used during mining and ore 
processing, and after mine closure, serious 
environmental damage can result.  During the 
first half of the 20th century, environmental 

controls were very limited or nonexistent and, 
as a result, numerous abandoned mines 
continue to cause serious environmental 
damage.  Ownership of abandoned mines on 
public land is often difficult or impossible to 
establish.  To date, the Forest Service does not 
have a complete inventory of these mines 
(Wireman 2000).   

 

 
 

Photo 6.1.  An abandoned mine and tailings in 
Colorado (Photo courtesy of Ron Baer). 
 

The two primary methods used to mine 
metals and minerals include surface or open-
pit mining and underground mining.  In both 
surface and underground mining, extraction of 
ore waste materials requires heavy equipment 
and explosives.  Waste rock from the ore body 
can contain environmentally significant 
amount of metals (Wireman 2000). 

Both surface and underground mines 
typically extend below the local and regional 
water table or both.  As a result, groundwater 
may flow into the mine pit or underground 
workings.  In open-pit mines, this water is 
typically pumped out and discharged to 
nearby surface water.  In underground mines, 
the water can be pumped out or drainage 
adits can be constructed at or below the lowest 
mine level to allow for free drainage of the 
water entering the workings (Wireman 2000). 

Adits and shafts, underground workings, 
open pits, overburden, development rock and 
waste rock dumps, tailing impoundments, 
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leach pads, process ponds, and mills are 
known sources of heavy metals, sulfate, 
cyanide, and nitrate that are produced by 
hardrock mines.  These contaminants can 
have significant negative effects on the quality 
of surface and groundwater (Wireman 2000).  
Dissolved and total metals concentrations can 
impact the aquatic health of stream and 
riparian systems (Wireman 2000; Chapman 
and Stevens 1978). 

Surface runoff is a key mechanism for 
release of pollutants into streams and lakes. 
Seepage from tailings ponds and waste rock 
piles, unwanted releases from process water 
ponds or wastewater ponds, drainage from 
underground workings, and discharge of pit 
water may contaminate water resources.  
Surface waters may also be impacted by 
contaminated groundwater or contaminated 
by heavy metals in sediments.  The mobility of 
contaminants is increased by exposure to rain 
and snowmelt (Wireman 2000). 

Environmental problems are often more 
difficult to deal with at abandoned mine sites 
that lack environmental monitoring.  Several 
thousand abandoned and inactive mines exist 
on public land.  The USDA Office of Inspector 
General estimates that there are more than 
38,000 abandoned and inactive hardrock 
mines on land administered by the Forest 
Service (Wireman 2000). 

 
Effects Analysis 
 

Potential effects of hardrock mining on 
aquatic, riparian, and wetland resources are 
the following: 
 
Hydrology 
 
Effects 
1) Interception of groundwater at mining 

sites and delivery to surface water 
systems (Wireman 2000). 

2) Water use associated with mining or ore 
processing.   

3) Increases in runoff and decreases in base 
flows from increased impervious surfaces 
preventing saturation and groundwater 
recharge. 

4) Increase  in discharge if underground 
water seams are tapped and water escapes 
to the surface. 

 
Water Quality 
 
Effects 
1) Contamination of surface and ground 

water from sedimentation, acid runoff, 
and dissolved metals and other associated 
mine contaminants. 

2) Increased sediment yield from disturbed 
areas (Meehan 1991). 

3) Sediment can serve as sinks for toxic 
metals (Meehan 1991). 
 

Riparian and Wetland Condition 
 
Effects 
1) Direct loss due to mining activity (filling 

with tailings or excavation). 
2) Change in riparian or wetland structure 

and function (plant communities and pH 
characteristics) due to contamination of 
surface and ground water. 

3) Loss or gain of wetlands due to 
groundwater interception. 

 
Channel Condition 
 
Effects 
1) Channel alteration to accommodate water 

needs of mining operations (damming, 
ditching, relocation, etc.). 

2) Channel adjustments to accommodate 
additional flow due to groundwater 
interception. 

3) Changes in substrate composition (due to 
increased sediment delivery from 
disturbed areas and tailings). 
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Biotic Condition 
 
Effects 
1) Loss of productivity and/or biomass, 

change in species and community 
composition, and loss of reproductive 
capability due to contamination of surface 
and ground water (toxins and changes in 
pH). (Meehan 1991; Deacon et al. 2001). 

2) Loss of environmentally sensitive species 
such as amphibians and mayflies. 

3) Alteration of primary productivity, 
macroinvertebrate communities, and fish 
assemblages due to increased 
sedimentation (Meehan 1991). 

4) Reduced spawning success of fishes. 

 
 
 
Measurement of Effects Table 
 

 
 
 
 

SCALE Evaluation Criteria 

Basin 
• Spatial and temporal pattern of mining activity, location of existing highly 

contaminated sites (Superfund sites, 303d listed streams).* 

Landscape 
(4th level HUB) 

• Number and size of large mining areas (historical and current), narrative on 
location, concentration, and time (Relationship between 4th level HUBs within 
and outside of National Forest/Grassland boundary. * 

• Location and density of 303d listed streams (for mining)/4th level HUB. * 

Management 
(6th level HUB) 

• Ratio of current and historic mines/watershed. (Number/acre/6th level HUB). ** 
• Proximity of mines to active channels or wetlands (number of mines within 

valley bottom or within wetlands/total number of mines/6th level HUB). ** 
• Percentage of perennial streams 303d listed for mining impacts (miles of stream 

on 303d list/total stream mile/6th level HUB). ** 
 

 

Reach/site  

• Location of mining activity relative to stream or wetland areas. (HCA). 
• Transport or risk of transport of mining contaminants to water 

(streams/wetlands). 
• Site characteristics (permeability, depth to bedrock, depth to groundwater table, 

topography, and climatic patterns) around waste rock or other potential sources 
of contamination. 

• Description of pollution sources (type, severity, impact level). 
• Direct water use. 
• Waste water treatment facilities and function. 
• Water quality monitoring. 
• Macroinvertebrate monitoring. 
• Sediment monitoring data. 
• Flow data near impacted areas. 
• Influence on instream habitat conditions and channel complexity. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries.
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Management Implications 
 

Hardrock mining has occurred in the 
Rocky Mountain Region since before the 
establishment of the USDA Forest Service.  
However, their influences can be extreme and 
long lasting.  Toxins associated with mining 
can completely change the character of 
aquatic systems.  A great deal of control must 
be placed on mining operations to prevent 
contaminants from reaching flowing water or 
wetlands.   

Controlling acid mine drainage is difficult 
and expensive.  The two primary means are to 
1) avoid mining deposits with high acid 
generating potential and 2) isolating or 

otherwise special-handling mining wastes 
with acid generating potential (U.S. EPA 
2001).  Potentially acid producing material 
can be controlled by preventing contact with 
water, preventing or minimizing contact with 
oxygen, and making sure there is an adequate 
amount of natural or introduced material 
available to neutralize any acid produced 
(U.S. EPA 2001). 

Managers need to ensure proper storage of 
chemicals, including secondary containment, 
protecting chemicals from the weather, and 
regular inspections (U.S. EPA 2001).  
Containment areas for cyanide-contaminated 
solution should be lined and covered with nets 
to discourage wildlife (U.S. EPA 2001). 
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Placer Mining 
 
Introduction 
 

Mining has been an important activity in 
the United States since the country was 
settled and has had a high legislative priority 
for over a century.  The 1872 U.S. Mining 
Laws Act granted top land-use priority to 
mineral extraction on all public lands not 
specifically withdrawn (Nelson et al. 1991).  
Mining can consist of surface or underground 
mining.  Surface mining occurs on alluvial and 
non-alluvial deposits.  This report focuses on 
mining of alluvial deposits. 

Alluvial ore frequently occurs as deposits 
of discrete grains called “placers,” the 
extraction of which is known as “placer 
mining.”  Mining of placer deposits requires 
direct disturbance of aquatic and riparian 
habitats.  Two historically common types of 

placer mining are hydraulic mining and 
dredging (Nelson et al. 1991). 

Dredging often disturbs the lake or 
streambed itself with spoils spread over the 
land surface.  Restoration to original 
conditions may be impossible since the 
material takes up 20 percent more space after 
dredging (Nelson et al. 1991).  Dredged areas 
may also degrade aquatic systems by 
contributing large amounts of sediment in 
addition to direct alteration of habitat. 

Hydraulic mining consists of spraying jets 
of water onto ore-bearing alluvial deposits 
that form the banks of modern streams.  
Hydraulic mining radically alters the land 
surface and may deposit large quantities of 
sediment into affected streams (Nelson et al. 
1991).  Environmental concerns have nearly 
eliminated hydraulic mining through 
legislation, but early western gold miners 
used it extensively (Nelson et al. 1991).

 
 

 
 
Photo 6.2.  Placer mine tailings in Summit 
County, Colorado (Photo courtesy of Rusty Dersch). 
 

Recreational mining with small suction 
dredges on national forests is increasing in 
popularity (USDA Forest Service 1997).  
Suction dredging may have localized, but 
important consequences.  The impacts include 
reducing the abundance of aquatic insects 
within the dredged area and direct mortality 
of trout eggs, larvae, and alevins entrained in 
the dredge.  Dredging can also alter the 
substrate distribution and increased 
suspended sediments locally (Nelson et al. 
1991, Harvey et al. 1995).  Loose gravels 
contained in dredge tailings can be attractive 
to spawning fish, however their instability can 

lead to decreased spawning success (Harvey et 
al. 1995).  Digging deep holes, necessary to 
reach gold deposits, creates unstable piles of 
gravel that can be transported downstream 
and fill pools, reducing available habitat 
(Nelson et al. 1991, Harvey et al. 1995).  
Additional damage can occur if streambanks 
are worked (Nelson et al. 1991).  In the Rocky 
Mountain Region on Forest Lands, 
recreational mining is more likely to consist of 
panning than suction dredging (R. Dersch, 
oral commun. 2002), which would have less 
severe impacts than suction dredging. 

In recent times, aggregate gravel mining 
has been occurring for road and home 
construction.  The extraction of aggregate 
materials from rivers and streams has effects 
on streambed elevations, channel morphology, 
spawning habitat, streambank morphology, 
channel patterns, and riparian vegetation 
(Palmisano et al. 1993).  The persistent 
removal of aggregate material, particularly 
when removal rates exceed replenishment, 
can result in major changes to rivers and 
streams (Collins and Dunne 1987). 

When quantifying the impacts of placer 
mining, important aspects to consider include 
the distribution of minerals in the area 
considered, areas withdrawn from mineral 
exploration (such as wilderness), and the 
types of current and historical mining.  Placer 
mining occurs in stream reaches with gravel 
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deposits.  The most likely location of new 
placer mining activity would be in existing 
mining districts since most areas with 
concentrations of minerals have likely already 
been discovered (R. Dersch, oral commun. 
2002). 
 
Effects Analysis 
  

The potential effects of placer mining on 
aquatic, riparian, and wetland resources are 
the following: 
 
Hydrology 
 
Effects 
1) Changes in hydrograph as water use 

associated with mining or ore processing 
occurs.  

 
Water Quality 
 
Effects 
1) Increased sedimentation from mining 

activity (suction dredging and bank 
disturbance).   

2) Altered timing of sediment regime (e.g., 
mobilizing sediment during times it is not 
typically mobilized). 

3) Potential contaminants from any 
chemicals used to process material and 
from fueling mining equipment (or 
hazardous material spills). 

4) Increased sediment yield from disturbed 
areas. 

5) Water temperature changes due to 
removal of riparian vegetation and 

widening of channels (increased summer 
temperatures and decreased winter 
temperatures). 
 

Riparian and Wetland Condition 
 
Effects 
1) Vegetation removal to accommodate 

mining activity. 
2) Modification of streams and wetlands due 

to tailings. 
 
Channel Condition 
 
Effects   
1) Direct channel alteration (such as channel 

widening and incision) by mining activity 
(primarily historic):  mining stream 
bottoms and banks. 

2) Substrate changes/redistribution. 
3) Increased fines from stream adjacent 

disturbance. 
4) Bank instability. 
5) Reduced complexity of in-channel habitat. 
6) Creation of floodplain ponds (settling 

ponds, etc.). 
 
Biotic Condition 
 
Effects 
1) Mortality associated with entrainment of 

fish eggs in dredges. 
2) Changes in productivity across trophic 

levels. 
3) Fragmentation of fish populations. 
6) Alteration of species composition and 

communities. 
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Measurement of Effects Table 
 

SCALE Evaluation Criteria 

Basin 
• Description of the area and concentration of historical and current mining 

activity.** 
 
Landscape 
(4th level HUB) 

• Distribution of existing (and historical) claims within and outside of 4th level 
HUBs in relationship to administrative boundaries. ** 

• Area withdrawn from mineral entry per total area of 4th level HUB within the 
administrative boundary. ** 

 
 
Management 
(6th level HUB) 

• Percentage of perennial streams effected (historic and current)(stream mile 
effected/stream mile/6th level HUB. *** 

• Percentage of suitable* area available vs. withdrawn per 6th level HUB (mile 
/stream mile/6th level HUB) ***. 

• Percentage of different types of mining occurring per 6th level HUB***.  

 

Reach/site 

• Type of mining (e.g., suction dredging, highbanking, etc.). 
• Amount of bank disturbance. 
• Other channel disturbance. 
• Amount of riparian disturbance. 
• Timing of activity. 
• Aquatic, riparian, and wetland resources present or at risk. 
• Changes in physico-chemical parameters (e.g., temperature). 

*Suitable is assumed to be high-order, low gradient streams (in mineralized areas). 
**Suggested measurements for addressing aquatic, riparian, and wetland resource values. 

*** Basic level of analysis needed for assessment and consistency across administrative boundaries. 

 

 
 
Management Implications 
 

Effects of historic placer mining, especially 
hydraulic mining and dredging, can be long 
lasting.  Managers should consider restoration 
of historically mined areas to restore stream 
and floodplain function.  For current placer 
mining activities, seasonal closures, instream 
windows, restricting bank dredging or activity 
under cut banks, protection from oil and fuel 
(oil pans and pads used during refueling), 
avoiding riparian areas for activity or 
camping, and preventing disturbance of wood 
debris or boulders are common measures to 
reduce impacts of placer mining on stream 
systems (USDA Forest Service 1997). 
 

Energy Development 
 
Historical Perspective 
 

For thousands of years, humans have 
altered landscapes and ecosystems by 
harvesting wood to provide energy for a 
variety of activities such as heating shelters, 
cooking food, and forging metal tools and 
weapons.  Much later in human history, 
modern, technological societies have upped 
the ante associated with energy demand and 
production over their less profligate ancestral 
ones.  It is likely, that modern, industrialized 
societies have made greater demands on the 
earth’s renewable and non-renewable 
resources than have all of the human societies 
in previous recorded history.  Today, the 
United States is an energy consumer without 
peer. 
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Photo 6.3.  Oil and gas wells are often found on 
U.S. Forest Service lands. 

 
Increasing amounts of energy production 

required to meet the demands of an expanding 
world population, particularly in developing 
countries, have been problematic from an 
environmental perspective for several decades 
(Ricklefs 1993).  Early signs of a supply-side 
energy crisis began with the Arab oil 
embargoes in the 1970s that resulted in 
shortages of gasoline and home heating oil in 
the United States (Lomborg 2001).  Today’s 
fluctuating oil and fuel prices are due to 
volatile market conditions (supply and 
demand) and political unrest in the Middle 
East and elsewhere.  As a result of political 
and economic uncertainty, there has been, 
once again, a clarion call in the United States 
for increased domestic energy production.  In 
contrast, environmentalists, among others, 
advocate for energy conservation as a primary 
means to reduce the country’s dependence on 
foreign oil.  

Many of the environmental consequences 
of exploiting non-renewable energy resources 
are unavoidably clear.  Coal-fired power 
plants alter air and water chemistry by 
emitting and precipitating combustion 
byproducts such as sulfur dioxide, nitrogen 
oxides, mercury, and carbon dioxide into the 
atmosphere.  Sulfur dioxide emissions from 
coal-fired power plants are particularly 
pernicious in aquatic and terrestrial 
environments because of the generation of 
acid precipitation (rain and snow).  Acid 
precipitation can dramatically lower the pH of 
natural waters whose often inherently weak 
buffering capacity, and lowered pH can 
negatively affect aquatic biota.  Additionally, 
exploitation of natural gas, especially coal-bed 
methane, natural gas, and oil require complex 

infrastructure such as gas and water 
pipelines, well heads, pumping stations, 
power-generating stations, electrical 
transmission lines, and oil and gas storage 
facilities and roads.  Developing expansive oil 
and gas fields can result in soil erosion, air 
pollution, surface and groundwater pollution, 
damaged vegetation, and dramatic changes in 
land-use patterns; typically the land-use 
pattern changes from agricultural uses to 
industrial uses.  

Exploiting renewable energy resources 
such as hydroelectric power, solar power, and 
wind power can negatively affect aquatic, 
riparian, and wetland ecosystems.  Dams 
impede migration and spawning activities in 
salmon and trout.  Dams also reduce sediment 
loads in their tailwaters, resulting in changes 
in stream temperature and stream power; 
these environmental alterations often result 
in changes in aquatic community structure 
and in rates of channel erosion.  Constructing 
wind turbines and access roads can cause soil 
erosion in uplands that can increase sediment 
input into adjacent riparian areas and aquatic 
habitats.  Associated infrastructures such as 
utility power lines and road networks can 
compound the environmental impacts to 
aquatic and riparian environments.  Finally, 
the manufacture of solar panels and 
associated equipment such as wires and 
batteries can result in water pollution due to 
toxic byproducts produced in the 
manufacturing process.  Fortunately, many of 
the aforementioned environmental impacts 
due to energy exploitation either can be 
mitigated or they don’t always effect riparian, 
wetland, and aquatic ecosystems. 
 
Effects Analysis 
 

Potential effects of energy development on 
aquatic, riparian, and wetland resources are 
the following: 
 
Hydrology 
 

Energy development can negatively 
influence hydrology is several ways.  Dams 
associated with hydroelectric power 
generation can disrupt the natural 
hydrograph of rivers and streams.  Dam 
impoundments can inundate wetlands and 
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riparian areas, thereby disrupting their 
hydrologic functions as water filters, water 
storage, areas, and floodplains.  Coalbed 
methane (CBM) development can produce an 
abundance of water as a byproduct of gas 
extraction and dissipating that water can 
cause detrimental changes to timing, 
duration, and magnitude of the hydrograph in 
augmented streams.   
 
Effects 
1) Flow augmentation associated with CBM 

production can have the following effects 
on stream hydrographs: 
• The magnitude is increased 
• The timing is altered 
• The duration is altered 
• Stream power is increased 
• Stream competence and capacity are 

indirectly altered 
2) Aquifers and groundwater can be depleted 

during CBM extraction. 
 
Water Quality 
 

The most profound changes to water 
quality due to energy development are the 
changes in pH due to contamination by acid 
precipitation (rain and snow) Compounds of 
carbon, nitrogen, and sulfur can combine with 
water vapor in the atmosphere or aquatic 
systems to produce precipitation and water 
that is acidified by carbonic acid, nitric acid 
and sulfuric acid.  Also, oil spills and the 
dissolution of methane in groundwater 
(during well drilling) can negatively affect 
water quality. 
 
Effects 
1) Waters can become acidified by acid 

precipitation. 
2) Methane and other gases - dissolution in 

groundwater can degrade water quality. 
3) Groundwater byproducts can alter water 

temperatures in receiving streams and 
lakes. 

4) Sedimentation rates in aquatic systems 
can be altered by the construction of 
associated infrastructure and by channel 
adjustments associated with augmented 
flow. 

 

Riparian and Wetland Condition 
 

Riparian areas and wetlands can be 
negatively affected by the construction and 
operation of coal-fired power plants and dams; 
construction activities disturb soils and 
vegetation and emissions from power plants 
produce acid precipitation.  Construction of 
pipelines and other infrastructures can alter 
or destroy the natural characteristics of 
wetlands and riparian areas. Pipeline spills 
and natural gas (methane, etc.) contamination 
of soils and vegetation can ruin or degrade 
wetlands and riparian areas. 
 
Effects 
1) Acid precipitation can damage and kill 

riparian and wetland vegetation or alter 
species composition. 

2) Construction activities can directly 
displace soils. 

3) Construction activities can disturb and 
destroy riparian and wetland vegetation. 

4) Natural gas contamination of soils and 
waters and petroleum spills can damage 
soil productivity and kill riparian and 
wetland vegetation. 

 
Channel Condition 
 

Activities associated with energy 
development that yield water as a byproduct 
of the activity, such as drilling wells to 
develop coal-bed methane, can alter channel 
conditions if excess water is diverted from 
groundwater into ephemeral, intermittent, or 
perennial channels.  Streams and rivers 
usually respond to increased flow regimes by 
eroding the streambed or streambanks (Allen 
1995).  Channel erosion caused by increased 
discharge will alter channel geometry and the 
pattern of erosional and depositional features 
associated with channels. 
 
 Effects 
1) Increased discharge can increase channel 

width-to-depth ratios. 
2) Altered discharge can decrease channel 

sinuosity. 
3) Altered discharge can affect channel 

roughness. 
4) Altered discharge can affect bank angle. 
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5) Construction activities associated with 
energy development can alter channel 
geometry by crushing stream banks and 
eroding the channel bed. 

 
Biotic Condition 
 

Aquatic biota can be affected by energy 
development in many ways, though probably 
the most profound effects are due to water 
quality degradation.  Chemical emissions from 
power plants can enter the atmosphere to 
from acid precipitation.  Acid precipitation can 
enter aquatic and wetland ecosystems 
resulting in reduced aquatic biodiversity and 
abundance; pH less than 5.0 is usually not 
tolerable by most aquatic biota, although 
there are cofactors (e.g. calcium ions) in 
addition to pH values that determine response 
by aquatic organisms to acidic waters (Allen 
1995). Generally, waters that range in pH 
from 6.5 to 8.7 are most beneficial to fish 
(Nelson et al. 1991).  Acidic waters can 

negatively affect aquatic insects - especially 
some Ephemeropterans (mayflies), in ways 
similar to its effects on fish (Rosenberg and 
Resh 1993).  Also, power plants that discharge 
warm wastewater into lotic systems can 
negatively or positively affect the growth and 
development of aquatic biota. 
 
Effects 
1) Changes to water quality (e.g., pH, 

chemical contaminants) can: 
• Alter aquatic plant and animal 

abundance and distribution 
• Alter rates of primary productivity 
• Decrease rates of growth and 

development of aquatic species 
2) Oil spills can smother and kill aquatic 

biota. 
3) Aquatic biodiversity and community 

structure can be altered by warm-water 
discharge into aquatic ecosystems.

 
 
 
 
Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin • Distribution pattern of infrastructures. 
 
Landscape  
(4th level HUB) 

• For natural gas, oil and coal bed methane – number of well pads per acre of 4th 
level HUB inside and outside of the administrative boundary.* 

• Number of wind, natural gas, coal and hydroelectric facilities per acre of 4th level 
HUB inside and outside of the administrative unit boundary. * 

 
Management  
(6th level HUB) 

• Percentage (disturbed acres/acre/6th level HUB) for energy development pad 
sites, and associated structures, both within and outside of the valley bottom. ** 

• Number of wind, natural gas, coal and hydroelectric facilities per acres of 6th level 
HUB inside and outside of the National Forest/Grassland boundary. ** 

 
 
Reach/site 

• Site-specific analysis of potential water quality characteristics and biological 
community and species specific characteristics. 

• Risk analysis of potential leakages associated with well and pipeline failure 
associated with aquatic, riparian, and wetland ecosystems. 

• Water quality and biological monitoring associated with changes in pH from 
contaminants from windborne particles. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
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Management Implications 
 

A variety of benefits will accrue to aquatic, 
riparian, and wetland ecosystems if proper 
and efficacious management strategies are 
incorporated to monitor the environmental 
effects of energy-development activities.  The 
primary benefit to the aforementioned 
resources is that these ecosystems will persist 
somewhat intact and continue to function they 
way they evolved.  Native and desired, non-
native aquatic biotic communities will remain 

viable and continue to persist.  Ecosystem 
processes and functions (services) provided by 
native and desired, non-native aquatic biota 
will continue to operate in their associated 
environments.   Additionally, hydrologic 
process and functions will continue to operate 
at or near dynamic equilibrium in lotic 
systems.  Lentic systems will maintain their 
“natural” form and function and their biotic 
integrity.
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CHAPTER 7 
Vegetation Management Category 

 
Domestic Grazing 
 
Introduction 
 

Grazing by domestic livestock has been an 
important use of the lands that now constitute 
the National Forests and Grasslands since the 
1500s when the Native Americans began to 
acquire horses and other domestic animals 
from the early European explorers and 
settlers moving north from Mexico (Young 
1994; Galbraith and Anderson 1971).  From 
this time on, Native Americans traditionally 
maintained horse herds as both their 
preferred means of transportation and as a 
symbol of status.  These herds typically 
traveled with the tribes as they moved 
between seasonal territories.  At various times 
in the year, the tribes made use of lands that 
are now National Forests and Grasslands, and 
the tribal livestock went with them.  For the 
most part, the horses were maintained in 
relatively small and localized ranges simply so 
that they could be found and moved when 
needed. 
 

 
 
Photo 7.1.  Cattle grazing on high mountain 
meadow in the Rocky Mountains (Photo courtesy of 
David Bradford). 
 

In the mid to later part of the 1800s Euro-
Americans began to move into the Rocky 
Mountains and the western grasslands of the 
Great Plains, frequently bringing livestock 
with them (Lauenroth 1994; Pieper 1994).  As 
the demand for beef, wool, and lamb increased 
during, and in the decades following the civil 

war, large herds of livestock were moved into 
and through the region.  As the early settlers 
discovered the value in grazing livestock in 
the mountains and grasslands, large numbers 
of animals were brought into the area.  At this 
time, there was neither any systematic 
applied management nor any authority to 
regulate the grazing activity.  Basically, the 
livestock owner who got to the feed first got it 
and those who came too late got little to 
nothing.  Within a very short few years, the 
serious overstocking of the rangelands, 
coupled with the initiation of an extended 
drought period, caused serious impacts to the 
rangelands that are still noticeable in some 
areas today (Pieper 1994; Oliphant 1947).  
While this drought plus lack of forage had the 
unintended effect of significantly reducing 
stocking levels, the reduction in stocking was 
by no means adequate to provide for recovery 
of the vegetative, soil and aquatic, riparian, 
and wetland resources (Young 1994; Pieper 
1994). 

 

 
 
Photo 7.2.  Photo of sheep grazing in an aspen 
grove in the Rocky Mountains. (Photo courtesy of 
David Bradford).  
 

Following the formation of what is now 
the Forest Service, and continuing for 
decades, there was a concentrated effort to 
gain control over the livestock use on the 
National Forests and Grasslands (Rowley, 
1985).  At first this was focused on simply 
requiring permits and eliminating trespass.  
But over time, this moved into making very 
significant reductions in the permitted and 
actual use, and in moving management 



Version 1.0 

11/8/2004 76

toward implementing the best available 
science.  Today, livestock numbers are 
significantly reduced compared with historic 
levels (Elmore and Kauffman, 1994; USDA 
Forest Service files) and are generally judged 
to be within grazing capacities on the 
National Forest System (NFS) lands.  For the 
most part, management has intensified as 
well.  Today however, the focus is on 
managing livestock use in a manner that will 
ensure compatibility with the other uses and 
values of the National Forests and 
Grasslands.  While problems still remain in 
places, they are generally localized. 

Livestock grazing has the potential to 
have a significant detrimental impact on 
aquatic, riparian, and wetland resources if it 
is not managed properly (Binkley and Brown 
1993).  There are numerous references to 
document these potential impacts although 
most references discuss impacts from 
improperly managed livestock grazing rather 
than from proper management (Platts and 
Raleigh 1981; Kauffman and Krueger 1984; 
Buckhouse 1981; Meehan and Platts 1978; 
Binkley and Brown 1993; Larson et al. 1998). 

Livestock grazing may also be used to 
positive effect when managed properly and 
when focused on meeting well defined 
objectives.  Grazing can: stimulate new 
growth of both herbaceous and woody species; 
increase total production of vegetation; 
provide increased palatability and nutrient 
quality to other animal grazers; increase 
herbaceous plant density, and alter habitat 
structure and composition to meet specific 
species objectives (such as managing for 
specific threatened or endangered wildlife 
species habitats or alteration of habitat 
relationships to favor certain plant species) 
(Krueger and Anderson 1985). 

Livestock grazing tends to affect some 
habitats and plant communities to a greater 
degree than others.  In addition, some 
habitats tend to be more susceptible to 
livestock effects than do others and therefore 
are at greater risk.  In general, cattle tend to 
prefer relatively open, low gradient habitats 
with ready access to water and temperature 
moderating tall vegetation, with abundant 
palatable forage and/or browse resources.  
These needs are met to a large degree within 
riparian and wetland habitats.  The habitats 

most commonly preferred by cattle are 
generally low gradient, willow/cottonwood (or 
associated hardwood species) with palatable 
grass and grass-like species.  These areas 
most frequently occur in association with fine 
textured soils.  Cattle use of habitats declines 
markedly as slopes increase, as tree canopy 
cover increases, and as distance to water 
increases.  This is true both for uplands and 
for riparian habitats.  In addition, use of 
uplands declines as upland forage resources 
mature and decline in palatability and 
nutrition (Roath and Kreuger 1982).  Sheep on 
the other hand prefer uplands and normally 
only utilize riparian/wetlands when moved to 
those areas to acquire water (Glimp and 
Swanson 1994).  Bison tend to prefer upland 
open grasslands and windswept ridges.  Risks 
to aquatic, riparian, and wetland resources 
then depend directly on the species of 
livestock and the type of habitat present 
(Marlow et al. 1985; 1989).  Riparian 
vegetation tends to be quite resilient and 
when managed properly has a relatively rapid 
recovery while stream channel conditions 
frequently take longer to recover (Binkley and 
Brown 1993). 

In order to validate the modeling of the 
effects of livestock management, it will be 
necessary over time to analyze new and 
existing field data with a focus on 
determination of resource conditions and 
trends as they relate to livestock 
management.  Significant amounts of historic 
data currently exist for terrestrial habitats 
although little of this is currently in an 
electronic format.  Over time, this data should 
be moved to Terra (the corporate database).  
New data should be collected on many of these 
same sample sites, and new monitoring points 
should be added.  The decision as to which 
monitoring points to sample should be made 
in part based on the results of the modeling 
done for this project.  Areas of high livestock 
preference and/or area with low resiliency 
would likely be priority areas for data 
collection. 

Currently available riparian, aquatic, and 
wetland data is limited.  Again, focusing on 
priority monitoring sites as identified in part 
through this modeling, additional green line 
or cross section transects and woody species 
regeneration methods should be employed as 
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per the R2 Rangeland Inventory and Analysis 
Guide.  Proper functioning condition 
assessments should also be conducted in 
priority areas. 

This data should then be used to validate 
the current modeling and to add detail to the 
assessment regarding the interaction between 
livestock management and resource 
conditions.  The results of these assessments 
may then be used to further refine the model 
and may also be used to assist in determining 
needed changes to management. 
 
Effects Analysis 
 

Potential effects taken generally from 
Platts (1989) and Belsky et al. (1997) include: 
 
Hydrology 
 
Effects 
1) Changes in timing and magnitude of 

stream-flow events resulting from changes 
in watershed vegetative cover, either 
positively or negatively.  

 
Water Quality 
 
Effects 
1) Increases in fecal and/or nutrient 

contamination.  
2) Changes in magnitude and timing of 

organic and inorganic energy (e.g., solar 
radiation, debris, nutrients) inputs to the 
stream; modification in stream 
temperature in summer and winter 
temperatures. 

 
Riparian and Wetland Condition  
 
Effects  
1) Changes in plant communities (species 

composition, diversity, and cover.  
2) Reduction of floodplain and stream-bank 

vegetation, including vegetation hanging 
over or entering into the water column.  

3) Decreases in plant vigor. 
4) Changes in timing and amounts of organic 

energy leaving the riparian zone). 
5) Elimination of riparian plant communities 

(e.g., lowering of the water table allowing 
xeric plants to replace riparian plants. 

6) Compaction of soils. 

7) Increased overland flow and decreased 
infiltration. 

8) Impacts to recreational or visual 
resources; and, contributing to the 
introduction or spread of invasive species. 

 
Channel Condition  
 
Effects 
1) Changes in water column morphology 

(increases in stream width and decreases 
in stream depth, including reduction of 
stream-shore water depth). 

2) Changes in channel morphology (shear or 
sloughing of stream-bank soils by hoof 
action. 

3) Elimination or loss of stream-bank 
vegetation. 

4) Reduction of the quality and quantity of 
stream-bank under-cuts. 

5) Trampling and “post-holing” of deposition 
bars. 

6) Altered sediment transport and deposition 
processes. 

7) Bank or exposed channel soil erosion 
(water, ice and wind erosion of exposed 
stream-bank and channel soils related to 
loss of vegetative cover). 

8) Increasing stream-bank angle (increased 
water width and decreases stream depth). 

 
Biotic Condition 
 
Effects  
1) Trampling of fish redds, riparian bird and 

small mammal nests, etc. 
2) Displacement of animal species. 
3) Alterations in avian or other animal 

populations and habitats. 
4) Alteration of macroinvertebrate 

communities.  
5) Increased sedimentation can provide 

increased habitat conditions for specific 
types of invertebrates, including the 
tubifex worm (Tubifex tubifex).  These 
threadlike worms are the primary host for 
the parasite Myxobolus cerebalis, the 
cause of whirling disease in trout (Behnke 
2002). 

6) Livestock, which are brought into a 
riparian area, can introduce noxious 
weeds through their rumens. 
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In order to address the influence of 
livestock grazing on species viability and 
ecosystem sustainability, several scales need 
to be addressed.  The following table 

illustrates the analysis needed to provide a 
comprehensive view of the influence of 
livestock management on aquatic, riparian, 
and wetland resources. 

 
 
Measurement of Effects Table 
 

SCALE Evaluation Criteria 
 
 
 
Basin 

• Narrative description of historical and current livestock use, patterns, stocking 
rates, and effects. 

• General information regarding extent of livestock grazing (acreage and general 
areas grazed; species of livestock; estimated AUMs or numbers; trends).  

• General timing (seasons of use and length of season).  
• History of areas not available to livestock or not grazed for extended 

timeframes. 
 
 
 
 
 
Landscape 
(4th level HUB) 

• Development of Predicted Livestock Preference Patterns following process 
attached, with application of locally derived parameter values.*/** 

• Stocking density as AUMs or numbers of livestock per acre of suitable and 
capable rangeland within and outside of Forest/Grassland boundaries in 4th 
level HUBs.*/** 

• Development of resilience model to show tolerance of plant communities to 
livestock effects.  Comparison of results between 4th level HUBs.*/** 

• From INFRA Monitoring module, or from general analysis of existing 
monitoring information if INFRA data is not available, show average annual 
percent of currently monitored acres meeting allowable use standards over last 
three years (all non-capable/non-suitable rangeland is presumed to meet 
standards) for riparian and wetland habitats. ** 

 General narrative assessment of past livestock grazing influences and stocking 
levels (e.g., within National Forest boundaries and outside, counties, etc.). ** 

 
 
 
 
 
 
Management  
(6th level HUB) 

• Development of Predicted Livestock Preference Patterns following process 
attached, with application of locally derived parameter values*/*** 

• Density of riparian areas and wetlands identified in different preference levels 
(acres of riparian and wetland identified in different preference levels/total 
riparian and wetland acres/6th level HUBs). *** 

• Stocking density as AUMs or numbers of livestock per acre of suitable and 
capable rangeland. *** 

• Development of stocking density as AUMs or numbers of livestock per acre in 
relationship to valley bottom density (AUMs/valley bottom acres/total acres of 
6th level HUBs)*/ *** 

• From INFRA Monitoring module, or from general analysis of existing 
monitoring information if INFRA data is not available, show average annual 
percent of currently monitored acres meeting allowable use standards over last 
three years (all non-capable/non-suitable rangeland is presumed to meet 
standards). *** 

• General narrative assessment of past livestock grazing influences, stocking 
levels, etc. *** 
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SCALE Evaluation Criteria 
 
 
 
 
Reach/site 

• Residual stubble height analysis and function. 
• Greenline cross sectional analysis pertinent to maintaining aquatic, riparian, 

and wetland form and function. 
• Woody regeneration, abundance, height and density pertinent to maintaining 

aquatic, riparian, and wetland form. 
• Invasive species inventory.  
• EPA stream bank stability rating and other measurements related to stream 

bank erosion, relative to livestock effects.  
• Channel morphology relative to livestock grazing. 
• Fish habitat morphology related to livestock grazing.  
• Water quality and/or macroinvertebrate relative to livestock effects.  
• Benthic macroinvertebrate analysis as a measure of influence on biological 

organisms. 
* Explanations of these evaluation criteria are located in the appendix titled GIS and Modeling Procedures for a Multiple 
Scale Assessment of Aquatic, Riparian, and Wetland Ecosystems, Staley 2003, in draft. 
** Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
*** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
 
Management Implications 

 
Domestic livestock management is an 

important function of USDA Forest Service 
management.  Whether as a tool for 
maintaining ecological condition or strictly for 
the production of meat, the proper 
management of livestock on Forest Service 
lands will ensure its future as a management 
tool.   

In managing livestock, there are four basic 
factors that are manipulated to control the 
effects of the grazing activity.  These are: 
timing (seasonality of grazing); intensity (the 
degree of defoliation of the forage or browse 
resource); duration (the length of time that 
the animals are allowed to remain in a 
specified area); and frequency (the number of 
times that the animals are allowed to graze a 
given area or to graze individual plants) 
(Clary and Leininger 2000; USDI 1994; Clary 
and Webster 1989).  Where these factors are 
properly managed, livestock grazing can be 
conducted within generally acceptable levels 
of effects.   

Grazing management in aquatic, riparian, 
and wetland ecosystems has been studied 
considerably, due to its potential impacts.  
There are a number of practices that can be 
applied which will minimize impacts to these 

sensitive ecosystems.  However, as with most 
uses of natural resources, it is not possible to 
graze livestock with zero impacts.  Failure to 
properly manage one or more of these factors 
leads to increasing detrimental effects. 
 
 
Wild Ungulate Grazing  

 
Introduction 
 

Large wild ungulates such as elk, deer, 
moose, bison, bighorn sheep, and pronghorn 
antelope have inhabited the areas of the 
Rocky Mountains and western Great Plains 
for many thousands of years.  Prior to the 
immigration of the earliest Native Americans, 
the animals and their habitats existed in 
somewhat of a dynamic balance, with natural 
predators, disease, and so forth providing 
varying levels of controls on numbers and 
impacts (Kay 1994; Gruell 1979).  The Native 
American peoples, when they arrived, added a 
management influence to the wildlife 
populations through subsistence hunting, but 
also added environmental modifications such 
as the use of fire, both intentional and 
accidental (Miller et al. 1994; MacCleery 
undated; Gruell 1979). 

 
 



Version 1.0 

11/8/2004 80

 
 
Photo 7.3.  Elk grazing in the Rocky Mountains.  
 

When Euro-Americans expanded across 
the plains and mountains, many large wild 
ungulate populations were subsequently 
severely over-harvested.  Populations declined 
dramatically with some species of both 
predator and prey vanishing from large 
landscape areas (Kay 1994).  As the 
conservation movement began to take shape 
in the early 20th century, re-introduction of 
animals and protection of some populations 
from over-harvest became common.  
Populations of some species responded 
dramatically while others have been much 
slower to respond (Zeigenfuss et al. 1999).  In 
part, the recovery process was affected by 
changes in the human environment including 
increasing agriculture, urbanization, and so 
forth.  Those species best able to find habitat 
niches that either were not in conflict with 
human land uses, or that were able to take 
advantage of those land uses, fared the best 
(Austin 2000).  

In some areas of the mountains and 
foothills, deer numbers increased to high 
levels in the early to mid century, probably 
greatly exceeding their historic range of 
variability.  Then as elk re-introductions 
began to take hold and expand, in many areas 
the deer were supplanted by elk such that, 
throughout the Region, elk today are believed 
to be at or above their HRV in many areas.  
During the same general time frame, livestock 
numbers first increased to levels that caused 
serious and long term detrimental effects (mid 
1800s to early 1900s), and then began to 
decline over time with major reductions in 
numbers occurring in the early to mid 1900s 
(Rowley 1985). 

The overall net effect of these changes is 
that some habitats were severely depleted 
first by the large numbers of livestock coupled 
with an extended drought, and then by large 
increases in first deer and then elk (and in 
some specific locales, moose and antelope).  In 
some areas, the wild ungulate populations 
increased to meet or even exceed the animal 
unit months (AUMs) of grazing and browsing 
use vacated by reductions in livestock 
(Tiedemann 2000).  As a result, in some areas, 
favored plant species such as various woody 
shrubs (mountain mahogany, willow, etc.) and 
trees such as aspen and cottonwood, 
experienced heavy use and serious problems 
with sustaining regeneration (Gruell 1979; 
Zeigenfuss et al. 1999; Singer et al. 1994).  In 
some areas of the Region, these impacts 
continue today as wild ungulate populations 
are sustained at artificially high levels with 
humans being the only significant predator 
(Kay 1995; Kay and Chaddle 1992). 

In the plains, cattle generally replaced the 
widely depleted bison herds and have 
remained the dominant ungulate over most of 
the National Grasslands.  However, their 
grazing patterns are quite different on the 
landscape. In some locales, bison are now 
being raised as a livestock while in a few 
areas, limited “wild and free-roaming” bison 
have been re-introduced (Hidinger 1999). 

Large wild ungulates can have similar 
potential to impact resources as domestic 
livestock (Pieper 1994).  Grazing and browsing 
pressure that is too heavy (intensity), at the 
improper time of year (timing), or too 
extended (frequency and duration) will tend to 
cause detrimental impacts (Clary and Webster 
1989; Elmore and Kauffman 1994; Kauffman 
and Krueger 1984; Lauenroth 1994; Platts 
and Raleigh 1981; USDI 1994; Young 1994).  
Frequently these impacts occur when animals 
are concentrated on specific rangelands in 
response to either natural conditions (e.g., 
winter range or spring green-up/fall snowfall), 
or to human caused conditions (e.g., 
urbanization that reduces spring-fall-winter 
range).  In general, in the foothills and 
mountains, ungulates tend to have a seasonal 
migration pattern (down slope in fall and 
winter up slope in spring and summer).  
Frequently this means that spring migrations 
place animals on the soils when they are still 
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wet and highly subject to impact, and on the 
forage and browse before the plants have had 
time to recover from winter and to re-initiate 
their food storage and photosynthetic 
processes adequately (Miller et al. 1994).  This 
can be very detrimental in localized areas.  In 
other areas, species such as moose and elk can 
be impactive on riparian/wetland shrub 
species through very heaving browsing (Gruell 
1979).  In general, large wild ungulate 
impacts may be similar to impacts 
documented for livestock with some 
significant differences in scope, timing, and 
extent. Wild ungulates tend to be more 
dispersed across the landscape (with some 
exceptions such as moose, confined bison or 
fed elk) and tend to prefer upland habitats to 
wetland/aquatic/riparian habitats, again with 
some exceptions such as moose and elk in 
some areas (Compton et al. 1988; Dusek 
1990). 

The large wild ungulates are being 
addressed in this process because they seldom 
are actually managed as truly wild 
populations.  Numbers are maintained at 
artificial levels in order to provide social and 
recreational experiences for people (hunting, 
viewing, perception of wildness).  In addition, 
the historic loss of most of the large predators 
is indicative that the populations are not 
likely to be regulated by their historic natural 
factors in some areas, with the exception 
possibly of disease and winter mortality.  
Therefore, since these are by and large 
“managed” populations, their influence on 
aquatic, riparian, and wetland resources 
needs to be considered in a different context 
than if they were truly wild “unmanaged” 
populations. 

Large wild ungulates can also have a 
significant influence on uplands. This is 
especially true where populations migrate 
vertically in response to spring green-up and 
fall snowfall.  Wild ungulate populations may 
move off of winter range and onto the new 
forage as it greens well before soils are 
capable of supporting the animals and the 
forage species can sustain grazing pressures. 
This “early grazing” can lead to changes in 
plant communities and accelerated erosion.  
These effects are frequently noted in areas 
where winter range is limited by human 
encroachment (Singer et al. 1994). 

Risks to aquatic, riparian, and wetland 
resources then depend directly on the species 
of wild ungulate, and the type of habitat 
present. 

Impacts to aquatic, riparian, and wetland 
resources most commonly occur in the same 
general habitats as noted for cattle (e.g., open, 
low gradient, willow or related hardwoods 
growing over palatable grass and grass-likes).   

Moose on the other hand prefer dense 
conifer for hiding and thermal cover that is 
closely associated with wetland willow or 
other riparian hardwood vegetation.  Moose 
will tend to remain within this preferred 
habitat and can have significant impacts on 
the health of aquatic, riparian, and wetland 
resources (especially on riparian hardwood 
vegetation) (Singer et al. 1994).   

Antelope prefer open grasslands and are 
seldom associated with riparian areas to a 
significant degree except where then need to 
come to these areas for available water 
(Salwasser. and Shimamoto 1981).  

Bison also prefer open grassy uplands but 
can and will concentrate in riparian/wetlands. 
Wild bison normally migrated and therefore 
tended to have relatively short-term (if highly 
significant) impacts. For the most part, bison 
are now managed as a domestic or semi-
domestic species, confined within small areas. 
As a result, impacts can often mimic those of 
cattle.   

Bighorn sheep tend to prefer steep rocky 
uplands, venturing to riparian/wetlands only 
to obtain water and/or when upland forage 
quantities and qualities become severely 
limiting.   

The major risk to aquatic, riparian, and 
wetland resources from large wild ungulates 
then is most commonly associated with deer, 
elk, and moose (and in a few locales, with 
bison) and is most closely associated with 
overuse of riparian hardwoods, and to a lesser 
degree with trailing and trampling of stream-
banks. 

In order to validate the modeling of large 
wild ungulate effects, it will be necessary over 
time to analyze new and existing field data 
with a focus on determination of resource 
conditions and trends as they relate to large 
wild ungulate effects.  Little field data 
relating resource conditions to large wild 
ungulate population trends exists.  Population 
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data for large wild ungulate population trends 
should be available from state agencies with 
the data reported by game management units. 

New field data is needed with regard to 
assessing large wild ungulate population 
effects on resource conditions.  This data can 
be collected in areas not grazed by permitted 
livestock but in most instances, 3-way 
exclosures will need to be constructed to allow 
for separation of the effects of livestock vs. 
large wild ungulates on resources.  The 
livestock preference modeling can be used to 
help determine monitoring needs.  In addition, 
specific information is needed regarding large 
wild ungulate populations and trends in as 
small of a scale of areas as possible.  
Additionally, information is needed regarding 
up and down slope migration patterns, herd 
ranges, areas where there are known to be 
impacts, etc.  These areas would then be 
prioritized for collection of condition and trend 
data.  Methods for terrestrial ecosystems 
should focus on cover-frequency data, line 
intercept (for shrubs) and occular macroplot 
data, all as described in the R2 Rangeland 
Inventory and analysis guide.  For riparian 
and wetland areas, utilize the three riparian 
protocols described in the same guide (green 
line, cross section, and woody regeneration). 

 
Effects Analysis 
 

The potential effects for livestock taken in 
part from Platts (1989) and also from Belsky 
et al. (1997) include the following: 
 
Hydrology 
 
Effects 
1) Changes in timing and magnitude of 

stream-flow events from changes in 
watershed vegetation cover. 

 
Water Quality 
 
Effects 
1) Increases in fecal and/or nutrient 

contamination. 
2) Changes in magnitude and timing of 

organic and inorganic energy (e.g., solar 

radiation, debris, nutrients) inputs to the 
stream. 

3) Modification in stream temperature. 
4) Increases in sedimentation. 
 
Riparian and Wetland Condition  
 
Effects  
1) Changes in plant communities. 
2) Compaction of soils. 
3) Reduction in plant vigor through 

continuous grazing. 
 
Channel Condition  
 
Effects 
1) Changes in channel morphology (increases 

in stream width and decreases in stream 
depth, including reduction of stream-shore 
water depth).  

2) Elimination or loss of stream-bank 
vegetation; reduction of the quality and 
quantity of stream-bank under-cuts; 
trampling and “post-holing” of deposition 
bars).  

3) Altered sediment transport and deposition 
processes; bank or exposed channel soil 
erosion (water, ice and wind erosion of 
exposed stream-bank and channel soils 
related to loss of vegetative cover). 

 
Biotic Condition 
 
Effects 
1) Trampling of fish redds.  
2) Alterations in avian or other animal 

populations and habitats.  
3) Alteration of macroinvertebrate 

communities.  
 

In order to address the influence of large 
wild ungulate grazing and browsing on species 
viability and ecosystem sustainability, several 
scales need to be addressed.  The following 
table illustrates the analysis needed to 
provide a comprehensive view of the influence 
of wild ungulates on aquatic, riparian, and 
wetland resources. 
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Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin • Narrative description of large wild ungulate population history and trends, 

use/effects on aquatic, riparian, and wetland resources. *  
 
 
Landscape  
(4th level HUB) 

• Population trends, by species, of large wild ungulates on a per acre basis 
within and outside of Forest/Grassland boundary for 4th level HUBs. * 

• Narrative assessment of long-term effects of large wild ungulates. * 
• Density of spring-fall and winter ranges by species per 4th level HUB. * 
• Density of calving/fawning areas per 4th level HUB. * 
• Comparison of population dynamics between 4th level HUB livestock and large 

wild ungulates with areas grazed only by large wild ungulates. * 
 
 
Management  
(6th level HUB) 

• Population trends, by species, of large wild ungulates on a per acre basis for 6th 
level HUBs. ** 

• Population trends, by species, of large wild ungulates on a per acre of valley 
bottom per 6th level HUB. ** 

• Identification of spring-fall and winter ranges by species per 6th level HUB. ** 
• Identification of calving/fawning areas per 6th level HUB.** 

 
 
 
 
Reach/site 

• Where possible, compare data from areas grazed by both livestock and large 
wild ungulates with areas grazed only by large wild ungulates. 

• Residual stubble height relative to large wild ungulate grazing as it relates to 
aquatic, riparian, and wetland resources. 

• Green-line cross section relative to large wild ungulate effects as it relates to 
aquatic, riparian, and wetland resources. 

• Woody regeneration and structure relative to large wild ungulate effects. 
• Composition/cover plot data. 
• Invasive species inventory. 
• EPA stream-bank stability rating and other bank erosion measurements 

relative to large wild ungulate effects. 
• Large wild ungulate impacts to habitats of species of concern. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries.
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Management Implications 
 

Management of wild ungulates is difficult, 
and typically the responsibility of the States 
(populations) and land management federal 
agencies (habitat).  While domestic ungulates 
can be managed much more efficiently, we 
rely on hunting success, weather (e.g., harsh 
winters), and more recently encroachment of 
urban populations into key habitat areas to 
somewhat control populations.  It is doubtful 
that the public will allow more radical 
management, such as population reduction 
harvesting in National Parks. Management of 
grazing in aquatic, riparian, and wetland 
ecosystems must rely on a process that 
mutually looks at the needs of both domestic 
and wild ungulates, works with state and 
federal agencies, as well as private 
landowners, and keeps in mind the health of 
aquatic, riparian, and wetland resources.   
 
 
Commercial Timber Harvest 
 
Introduction 
 

Timber harvest has played a large part in 
the development of the West.  Although wood 
was used for fuel and building materials by 
early European settlers, by the mid 1850s 
commercial lumber needs for railroad ties, 
charcoal, and mining supports led to major 
harvesting in many parts of the Rocky 
Mountains (Wohl 2001; Walcott 1899).  Such 
harvest was in large part unregulated prior to 
1900, and public concerns over future timber 
supplies led to the eventual formation of the 
USDA Forest Service.  The results of largely 
indiscriminant harvest and associated 
activities such as tie drives and road 
development are still influencing aquatic, 
riparian, and wetland ecosystems in many 
places in the Rocky Mountains. 

 

 

 
Photo 7.4.  Logging activity on Forest Service land. 

 
Timber harvest can have profound 

influences on aquatic systems (Allan 1995), as 
these activities can alter biophysical processes 
and physical structure, leading to changes in 
habitat quality and ultimately affecting 
aquatic, riparian, and wetland biota (fig. 7.1). 
Chamberlin et al. (1991) summarize five 
major cumulative effects of logging on aquatic 
systems as changes in:  a) timing or 
magnitude of small or large runoff events 
(hydrologic changes), b) stability of stream 
banks, c) supply of sediment to channels, d) 
sediment storage and structure in channel 
(e.g., large woody debris), and e) energy 
relationships involving water temperature, 
snowmelt, and freezing In forested 
watersheds, excessive timber harvest or other 
poor harvest practices may result in any 
number of these effects, with implications for 
aquatic, riparian, and wetland plants and 
animals.  However, timber management 
involves various levels of tree removal 
intensity, ranging from selective logging and 
thinning to clearcutting, so overall physical 
and biological effects similarly range from 
subtle to profound.   
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Figure 7.1.  Hierarchy of influences from timber management (modified from Chamberlin et al. 1991). 
 
 
Moreover, timber management involves a 

variety of associated activities in addition to 
simply cutting trees.  For example, site 
preparation, skid trails, landings, temporary 
roads, and permanent roads are logging-
associated activities with potential to impact 
to aquatic, riparian, and wetland resources.  
However, this section deals only with timber 
harvest as it pertains to tree removal and 
delivery to the road network, and effects of 
roads are covered in another chapter. 

Inappropriate timber harvest usually has 
negative consequences for aquatic organisms 
at all trophic levels because of changes to the 
natural function of aquatic systems, in spite of 
occasional short-term increases in production. 
For example, logging often stimulates 
increased primary production of macrophytes 
or periphyton (Davies and Nelson 1994; 
Kedzierski and Smock 2001) or 
macroinvertebrate production (Kedzierski and 
Smock 2001) because of increases in stream 
temperature.  In some cases, this can 
sometimes lead to increased fish growth 
(Holtby 1988) or production (Garman and 

Moring 1994), but often the degradation of 
upslope, riparian, and aquatic habitats leads 
to habitat modification, simplification, and 
loss, with negative effects on fish populations 
(Scrivner and Brownlee 1989; Hartman et al. 
1996).  For example, timber harvest and other 
land use activities was associated with 
decreased frequency of large, deep pools 
critical to salmonid and other fishes (McIntosh 
et al. 2000).  Reduced macroinvertebrate and 
salmonid fish diversity can also be associated 
with logging (Bisson et al. 1992).  Increased 
sediment yield and siltation may reduce the 
quality of spawning and rearing habitats for 
salmonids (Hartman et al. 1996).   Changes in 
thermal regime associated with logging, may 
result in physiological stress for native fishes, 
or less favorable conditions for coolwater 
adapted species (Barton et al. 1985). 

Logging influences may be more acute for 
fishes in certain habitats.  For example, many 
salmonids spawn and rear in forested 
watersheds (Behnke 2002), often utilizing 
small streams having very close physical and 
biological linkages with adjacent forests 
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(Chamberlin et al. 1991).  Where these 
habitats are occupied by threatened and 
endangered trout, such as species of inland 
cutthroat trout, land-use activities like timber 
harvest can have implications for their 
persistence. 

Wetland habitats are scarce in the 
western U.S. and are often disproportionately 
important for wildlife, but among the first 
forest habitats affected by human activities 
(Windell et al. 1986). 

Timber harvest can affect wetland and 
riparian habitats and resident organisms both 
directly, where logging occurs within those 
habitats, or indirectly, where logging occurs 
upslope or upstream from those habitats.  In 
general, timber harvest in or near wetlands 
can initiate changes in physical and ecological 
structure and function that persist for decades 
(Batzer et al. 2000).   
     Site impacts of logging can change the 
physical structure of wetland soil, influencing 
aeration and water flux (Hanna 1981).  
Clearcutting can affect water yield and 
nutrient loading (Windell et al. 1986), and 
also raise water tables by reducing 
evapotranspiration (Dube et al. 1995).  Dube 
et al. (1995) also note that transitions between 
wetlands (bogs) and mountains or uplands are 
particularly sensitive to hydrologic changes 
associated with logging.  Timber harvest can 
also affect the composition and abundance of 
wetland fauna.  For example, Perison et al. 
(1997) found that lower amphibian abundance 
in logged compared to unlogged wetlands. 

 
Effects Analysis 
 
Hydrology 
 
Effects 
In general, forest management activities 
influence aquatic resources when they alter 
the normal regional stream flow patterns, the 
extremes that are, by increasing or decreasing 
the normal levels or occurrences of very high 
or very low flows.  Timber management 
activities can affect stream flow by altering 
the water balance or by affecting the rate at 
which water moves from hillsides to stream 
channels.  The more severe an alteration of 
the hydrologic cycle is, the greater the effect 

on stream flows, and hence effects on aquatic 
resources (Chamberlin et al. 1991). 
 
1) Changes in the forest canopy can alter 

snow accumulations and the rate at which 
snow melts. 

2) Timber harvest reduces the amount of 
precipitation that is trapped and 
evaporated from the forest canopy.  The 
additional precipitation added to the soil 
is then available for runoff.  

3) Increased annual runoff from harvested 
sites.Moist soil in harvested areas is 
vulnerable to mass movements. 
 

Water Quality 
 
Effects 
The principal water quality variables that 
may be influenced by timber harvest are: 
temperature, suspended sediment, and 
nutrients. 
 
1) When streamside vegetation is removed, 

summer water temperatures generally 
increase in direct proportion to the 
amount of increased sunlight on the water 
surface.  Smaller streams that were 
completely shaded can warm more, and 
have greater diel temperature 
fluctuations, than larger streams once the 
riparian canopy is removed.  This loss of 
thermal cover can lead to colder nighttime 
and winter water temperatures as well. 

2) Forest practices with the greatest 
potential for causing erosion and stream 
sedimentation are road construction, 
tractor skidding, and intensive site 
preparation.  These activities can 
contribute to surface, gully, and large 
mass soil movements.  Generally, as site 
disturbance increases, soil erosion rates 
increase (Stednick 2000). 

3) Stream bank destabilization resulting 
from changes in the hydrograph, riparian 
harvest, or aggradation will result in 
sediment being added to the system. 

4) Water from forested watersheds is 
typically lower in nutrients than water 
that drains from other lands.  Forest 
management activities such as harvesting 
may increase annual water yields; 
interrupt the natural cycling of nutrients, 
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and increase nutrient concentrations of 
inorganic elements (e.g., N, P, K, Ca) in 
stream water (Stednick 2000). 

5) Streams limited by certain nutrients may 
respond to increases in that nutrient 
through algal blooms if temperature and 
flow conditions permit. 

 
Riparian and Wetland Condition 
 
Effects 
1) Timber harvest can directly remove trees 

in riparian and wetland areas, or can 
disturb these areas if they are not 
protected. 

 
Channel Condition 
 
Effects 
Forest management may influence water, 
sediment, and channel structure as well as 
hydrologic and sediment transport processes.  
To assess the changes in channel conditions 
resulting from forest management, it is 
necessary to project changes in the hydrologic 
and sediment processes against the structure 
and function of the stream channel 
(Chamberlin et al. 1991) 

Channel environments are very broadly 
grouped into two types:  alluvial channels, 
whose form is controlled by a balance between 
flow regime and sediment supply; and 
bedrock-controlled channels, whose form is 
dictated by external structure (bedrock) 
(Chamberlin et al. 1991).    

Forest management may influence 
alluvial streams by weakening channel banks, 
removing sources of large woody debris, 
altering the frequency of channel-modifying 
flows, and changing sediment supply.  Unlike 
bedrock-controlled channels, the alluvial 
system must change its form in response to 
geomorphic changes until a new balance 
between aggradation and degradation has 
been achieved.  In alluvial channels, both the 
removal of bank vegetation and increased 
sediment supply cause channels to become 
wider and shallower with fewer pools and 
more riffles (Chamberlin et al. 1991). 

Channels with more structural control, 
such as bedrock, large tree root systems in the 
banks, or armor layers (large rocks), are more 
stable with respect to fluctuations in flow and 

sediment supply, and maintain narrower and 
deeper channels.  Even very stable channels 
may be radically altered by the catastrophic 
effect of debris torrents (Chamberlin et al. 
1991). The breakdown of stream banks is 
among the most persistent results of riparian 
harvesting, and it is among the most difficult 
to avoid when streamside felling or skidding 
and cross-stream yarding occur (Meehan 
1991). 

 
1) Channel destabilization and the resultant 

sediment added to the system leads to 
habitat loss and general simplification of 
the channel that is important to stream 
biota. 

2) Activities near stream banks may 
destabilize the channel, releasing fine 
sediments that may end up clogging the 
substrate. 

3) Harvesting of streamside forests may 
result in less instream woody material 
that then results in fewer sediment 
storage sites, fewer scour pools, and less 
cover for fish. 

 
Biotic Condition 
 
Effects 
Stream habitat for native or non-native fishes 
can be described in terms of pools, riffles, 
spawning gravel, obstructions, and side 
channels.  These channel forms are selectively 
effected by timber management activities and 
discussed individually below (Chamberlin et 
al. 1991). 

Pools are the result of local scour or 
impoundment induced by structural controls 
in the channel or stream bank.  Pools are very 
susceptible to falling and yarding operations 
that influence the availability of large woody 
debris in or near the channel margins. 

Riffles are bars or deposits with water 
flowing over them.  Harvesting activities that 
increase sediment supplies increase the extent 
and number of riffles.  Removal of in-stream 
woody debris increases the stream gradient 
and hence increases the average size of 
particle in the substrate. 

Spawning gravel is the sorted product of 
bed scour and redeposition from which sand 
and finer materials have been removed and 
transported downstream.  Harvesting 
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activities that maximize the number of pool-
forming structural elements and minimized 
the influx of fine sediments will favor the 
maintenance of spawning gravels. 

Side channels occur in the stream’s 
margin, or where water is forced out of the 
channel into the floodplain. Side channels 
have a direct hydrologic relationship to runoff 
from the valley walls and to the valley 
groundwater table, and hence may be 
influenced by many forest management 
activities. 

 
1) Timber harvest from riparian zones 

increases solar radiation that results in 
higher water temperatures.  The effects 
are; increased competitive advantage to 

warm-water species, increased 
susceptibility to disease, and increased 
food production. 

2) Decreased woody debris in the stream can 
lead to reduced cover, loss of habitat 
complexity, and loss of pools. 

3) Stream bank erosion leads to increased 
fine sediment in spawning gravels and 
reduced spawning success 

4) Changes in water temperatures may 
result in delays in egg development for 
fish and other aquatic biota. 

5) Increased sediment levels can result in 
reduced oxygen levels within intergravel 
spaces. 

6) Altered basin hydrology can lead to 
channel scour and embryo mortality. 

 
Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin • Historical narrative description of vegetation uses in the basin. * 
 
Landscape 
(4th level HUB) 

• Acres of timbered administrative boundary within 4th level HUBs. 
• Suitable acres for timber harvest (exclude wilderness acres, RNA acres, etc.) 

inside and outside of 4th level HUB, extent of vegetation types. * 
• Comparison of timber sale boundary density (younger than 40 years old) between 

4th level HUBs inside and outside of the Forest boundary. * 
 
 
Management 
(6th level HUB) 

• Percentage of equivalent clearcut acres (younger than 40 years old) per 6th level 
HUBs. ** 

• Percentage of valley bottom within timber sale boundaries (younger than 40 
years old) (acres of valley bottom/total acre/6th level HUB). ** 

• Percentage of low gradient stream valley bottom within timber sale boundary per 
6th level HUB. ** 

 
 
 
Reach/site 

• Acres of streamside harvest within valley bottom. 
• V* - measurements of stream pool infill. 
• D50 particle size in relationship to timber harvest influences. 
• Wood volume. 
• Percent instream fish cover. 
• Pool volume. 
• Pool/Riffle ratio. 
• Measurements of fish and other biota population dynamics. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
 
Management Implications 
 

Timber management, whether for 
ecological or economic needs has been an 
important part of USDA Forest Service 
management.  While timber harvest was very 
intensive and ecologically impactive prior to 
the establishment of the Forest Service, it has 

increasingly become more sensitive to 
environmental concerns.  In order for this 
trend to continue, landscape approaches to 
vegetation management, the influences of past 
actions and the importance of aquatic, 
riparian, and wetland resources must be used. 
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Fire Management: Wildfire and 
Prescribed Fire  
 
Introduction 
 

Wildfire is a widespread and important 
natural disturbance in western U.S. 
landscapes (Agee 1998; Hessburg and Agee in 
press), and in the semi-arid Rocky Mountain 
Region.  Fire typically originates in terrestrial 
habitats, but nonetheless exerts strong 
influence on aquatic, riparian, and wetland 
habitats because of the close link between and 
dynamic nature of terrestrial and aquatic 
ecosystems (Bisson et al. 2003). 

Fires have diverse and complex effects on 
aquatic, riparian, and wetland ecosystems, 
because they both create and destroy habitat.  
For example, wildfires produce spatial 
variation in forest habitats (Bisson et al. 2003) 
and help maintain productive aquatic 
habitats, which can positively influence 
aquatic ecological diversity.  In contrast, fires 
can have direct and indirect impacts on flora 
and fauna.  Direct effects may include 
alteration to the thermal regime from 
combustion or increased solar radiation 
because of vegetation loss, increased exposure 
to harmful ultraviolet radiation (UV-b), 
increased nutrient inputs from ash and 
charcoal, and ammonium toxicity from smoke 
diffusion (Landsberg and Tiedemann 2000; 
Dunham et al. in press; Minshall in press; 
Pilliod et al. in press).  Indirect effects include 
greater and more variable discharge leading 
to flooding, increased delivery and transport of 
sediment and coarse woody debris, decreased 
stream channel stability, and increased 
erosion (Gresswell 1999; Dunham et al. in 
press; Minshall in press; Pilliod et al. in press).  
Although direct mortality of aquatic, riparian, 
and wetland fauna can occur as a result of 
fire, indirect effects act over longer temporal 
scales and are presently thought to exert more 
influence on populations and communities 
(Minshall in press; Pilliod et al. in press).  
Ironically, fire suppression and fuels 
management can also alter aquatic and 
riparian ecosystems (Bisson et al. 2003), with 
potential negative consequences for species 
viability and ecological function (e.g., Pilliod et 
al. in press). 

We have combined wildfire and prescribed 
fire in this section.  The influences can be 
obviously different with any fire, and the 
measurements of effects will be addressed 
accordingly.  The majority of the information 
contained in this report is derived from 
Landsberg and Tiedemann (2000). 
 

 

Photo 7.5.  An intense wildfire burning in 
Colorado. 

The most important effects of fire on water 
resources include sediment, turbidity, water 
temperature, increased nutrients, and 
vegetation removal.  These effects in turn 
influence habitats associated with aquatic, 
riparian, and wetland resources.  Much of the 
information comes form research on wildfires.  
However, it is expected that the effects on 
water resources from prescribed fire to be less 
than that found in wildfire.  Prescribed fires 
generally do not consume as much canopy or 
groundcover as wildfires.  Unlike wildfire, 
prescribed fires are ignited when conditions 
are best to prevent adverse effects on soil and 
water resources. 

 

 
 
Photo 7.6. Scorched earth after the Hayman Fire 
burned over 137,000 acres in Colorado in 2002 
(Photo courtesy of David Winters). 
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Photo 7.7. U.S. Forest Service fire fighters setting 
a prescribed burn. 
 

 
 
Photo 7.8.  South Platte River riparian area 
following the Hayman Fire in 2002 (photo courtesy 
of David Winters). 
 
Effects Analysis 
 

The effect of natural and prescribed fire on 
aquatic, riparian, and wetland resources is the 
following: 
 
Hydrology 
 
Effects 
1) Burning of forests and grasslands removes 

the covering vegetation on slopes and 
along stream channels that can result in 
increased total water yield and storm-flow 
discharge from the watershed.   

2) Effects on snow hydrology in burned 
ecosystems show that spring snowmelt is 
more rapid in openings than in areas 
under a forest canopy.  This is due mainly 
to direct solar radiation, but back-

radiation by trees at exposed boundaries 
may augment the effect.   

3) It is likely that fire scorching of ground 
materials and boles of trees would 
increased long-wave radiation to the snow 
pack and accelerate these snowmelt rates 
even more following a fire.  This has been 
documented where melt zone around 
blackened snags and rapid condensation 
melting in areas characterized by a warm 
snow pack.  Some of this water infiltrates 
the soil, but most is probably carried 
directly to streams on fire-formed 
impermeable surfaces, producing higher 
stream flows and associated channel 
instability (Swanston 1991). 

 
Water Quality 
 
Effects 
1) Research has shown that slope plays an 

important role in the amount of turbidity 
or sediment in streamflow after broadcast 
burning (Wright et al. 1976, 1982).  These 
studies show that stream turbidity (cloudy 
water) increases most following fire in 
watersheds with the steepest slopes. 

2) Sediment yield has been a concern 
following fire for many years.  Sediment 
yield following fire varies widely as a 
consequence of fire.  The variability 
results from numerous interacting factors 
such as geology, soil, slope, vegetation, fire 
characteristics, treatment conditions, 
weather patterns, and climate.  Post fire 
sediment yields can range from as low as 3 
pounds per acre per year (pre-fire) to over 
98,000 pounds per acre per year (post-
fire).  The lowest sediment yields are from 
fires on low gradient slopes with less 
intense burning.  Higher sediment yields 
are related to steeper slopes with high 
intensity burning.  Post-fire rehabilitation 
only has moderate success at reducing 
sediment produced from high intensity 
wildfires. 

3) Fire suppression activities can also 
increase post-fire sediment yields.  For 
example, fire line construction with 
bulldozers can have dramatic effects on 
post-fire sediment yields.  Fire lines are 
often constructed without adequate 
consideration for sediment control.  Fire 
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lines may cross streams, contour steep 
slopes, or not contain adequate drainage.  
Fire lines are also very difficult to 
rehabilitate because the nutrient rich 
topsoil is cast aside. 

4) Several chemical constituents are likely to 
result from forest and rangeland burning.  
The primary chemical concerns are; 
nitrate, nitrite, sulfate, pH, total dissolved 
solids, chlorine, iron, and turbidity.  The 
transport of nutrients to streams occurs 
both during and after a wildfire.  There is 
a risk that water quality will be impaired 
from a fire if the chemicals resulting from 
fire are combined with chemical 
constituents already present on the site. 

 
Riparian and Wetland Condition 
 
Effects 
Wetlands and riparian areas influence 
streams in a number of ways.  Therefore the 
effects of fire on riparian areas can be varied 
and multiple depending upon the type and 
magnitude of disturbance, size of stream, 
physical setting and succession after 
disturbance.   
 
1) Where riparian areas are severely 

disturbed by fire, increased light may 
stimulate production of periphyton.  
Increased periphyton production 
sometimes increases the abundance of 
invertebrates and fish, mainly by 
enhancing the quality of detritus.  This 
enhanced detritus quality increases the 
abundance of invertebrate collectors and, 
in turn, increases the abundance of 
predators, including fish. 

2) As riparian vegetation recovers after 
disturbance, the canopy closes again, 
nutrient inputs decrease, and aquatic 
primary and secondary production 
declines.  There may be an increase in 
primary and secondary production that 
may last for 20 years following a severe 
fire in a riparian area and then decline to 
very low levels between disturbance 
events.   

   

Channel Condition 
 
Effects 
1) Fire exposes the bare mineral soil to 

increased surface runoff and surface 
erosion.  Surface erosion processes-
including raindrop and rill erosion and dry 
ravel during wetting-drying and freezing-
thawing cycles transport large amounts of 
sediment and organic debris from the 
slope to the stream channel. 

2) By far, the most significant effects of fire 
on channel morphology are the well-
documented increases in water, sediment, 
and debris delivered to stream and river 
systems. 

3) Following high intensity wildfire along 
forested streams, there is an increase in 
large woody debris recruited into stream 
channels.     

 
Biotic Condition 
 
Effects 
1) Large increases in volumes of sediment 

and debris, delivered to the channel 
system by rapidly moving episodic events 
such as storm flows and landslides, may 
seriously overload the channel transport 
mechanisms and cause significant changes 
in habitat.   

2) Additions of large woody debris tend to 
improve habitat diversity by providing 
cover and creating new spawning, 
incubation and rearing areas.   

3) Movement and redistribution of bed-load 
materials can destroy eggs and displace 
alevins already in the channel, but gravels 
are also flushed of entrained fines and 
new spawning areas are created.   

4) Fine sediments entering the channel 
system may blanket spawning gravels in 
areas of reduced flow velocity, but for the 
most part, attendant high flows in the 
main channel tend to carry most of this 
material entirely through the system. 

5) Increased nutrient levels in streams that 
may effect primary production. 

6) Intense fire in riparian areas can create 
desirable habitat for noxious weeds. 
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Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin 
 

• Size, distribution, seasonality, recurrence interval of wildfire at the basin scale. 
• Historic context of wild fires within Forest/Grassland boundary. * 

Landscape 
(4th level HUB) 

• Intensity, duration and magnitude; severity, size, distribution, recurrence 
interval, seasonality at the 4th level HUB. * 

 
Management 
(6th level HUB) 

• Percentage of acres of fire burned areas per 6th level HUBs. ** 
• Percentage of streams affected by stand replacing fire (valley bottom acres 

within burned areas/total valley bottom acres/6th level HUBs). ** 
• See Explanation of Fire Risk Evaluation Criteria in next section. * 

 
Reach/site 

• Site monitoring of fire effects (stream channel morphology, patterns in the 
distribution and abundance of large wood and sediment, and stream 
temperature). 

• Long and short term fish and other biological population changes in 
relationship to wildfire activity. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
 
 
 
Explanation of Fire Risk Evaluation Criteria 
 

While natural fires are a primary 
disturbance process in the Rocky Mountains, 
their long-term influence on aquatic, riparian, 
and wetland resources are poorly understood 
(Wohl 2002).  Even less understood is the 
influence of natural fires in light of the many 
management influences that have and are 
occurring on National Forest lands.  In order 
to address the needs of Forest Service 
personnel to address fire risk to aquatic, 
riparian, and wetland resources and how that 
relates to anthropogenic resources, we are 
proposing using the process identified by 
Regan et al. (2004).  This information will be 
used in conjunction with our ecological driver 
sensitivity and risk analysis (Winters et al. 
2004) and incorporate results of individual 
anthropogenic analysis (fig. 7.2). 

First, results of the fire hazard conditions 
will be portioned by 6th level HUBs (fig. 7.2).  
Once this analysis has been performed, a 
cluster analysis as described by Winters et al. 
(2004) will be used to identify 6th level HUBs 
with similar fire risk.  These clusters will be 
interpreted and their relationship to 
anthropogenic activities defined. 

We expect the results of this analysis to 
answer the following questions related to 
aquatic, riparian, and wetland resources: 
 
1. What is the relationship between aquatic, 

riparian, and wetland ecological risk and 
fire risk on a 6th level HUB basis? 

2. What is the relationship between fire risk, 
ecological sensitivity and anthropogenic 
influences on a 6th level HUB basis? 

3. Where are the highest risk 6th level HUB 
areas associated with National Forest 
lands? 

 
 

 



Version 1.0 

11/8/2004 93

 

Results of Ecological 
Driver Analysis 
Sensitivity/Risk 

Fire Risk Model 
        (Terrestrial Ecosystem Team)

High - Medium  - Low 

Partition by 6th Level HUB Intersecting 
            the National Forest/Grassland Boundary 

        and Conduct Cluster Analysis to Produce  
     Groupings of Similar Watersheds

Fire Risk to ARW Resources 

Results of Anthropogenic 
Activity Analysis 

Overall Sensitivity of  
ARW Resources to Fire 

  
Figure 7.2.  Pathway for addressing relationship between fire risk, ecological driver analysis, and 
anthropogenic effects for aquatic, riparian, and wetland (ARW) resources. 
 
Management Implications 
 

As human population densities have 
increased in the mountainous areas of the 
Rocky Mountains, fire ecology has 
increasingly incorporated human values and 
needs.  In some areas, fire suppression has led 
to high risk to human habitants.  In other 
areas, vegetation may be within a natural, 
historical fire regime, but still is a high risk 
for human development.  While aquatic, 
riparian, and wetland resources have evolved 
over time, with fire the sequence of 
disturbance and recovery has been altered 
significantly by other anthropogenic resources 
(Wohl 2001).  Many of the fragile dynamics of 
aquatic, riparian, and wetland resources have 
been severely impacted from a variety of 
anthropogenic activities, and recovery will 
take much longer if at all from prescribed and 
natural fires. 
     In order to address recovery after natural 
fires or prescribed fires in a watershed, the 

cumulative effects of other activities must be 
considered.  We should consider reestablishing 
infrastructure that produces undesirable 
levels of sediment in streams receiving 
elevated levels from recent fires.  We should 
also ensure that stream systems are 
connected, so that fish and other biota can 
migrate into impacted reaches that are 
recovering.  Lastly, consideration for 
vegetation within aquatic, riparian, and 
wetland ecosystems should be allowed to 
recover from prescribed and natural fire.  
Although short-term loss of vegetation is 
expected after fires, and associated elevated 
water temperatures, continued suppression 
can lead to elimination of aquatic and riparian 
communities. 
       By addressing the various anthropogenic 
activities in a particular watershed, we should 
be able to mitigate the effects of natural and 
prescribed fire to protect human residents and 
maintain ecological integrity. 
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Tie Drives 
 
Introduction 
 

Historically, rivers and streams have been 
used to transport logs from the forest where 
they were cut, to the mills or railheads where 
they were processed.  This transportation 
process was called log or tie driving.  
Beginning in the mid 1800s there was a large 
demand for railroad ties to construct railroad 
lines throughout the Rocky Mountain Region.  
Logs were also needed as mine props in areas 
with underground mining.  The lack of an 
existing road network and the high cost of 
transportation made streams a logical and 
cost-effective way to move logs long distances.   

Tie drives were conducted during the high 
flows of spring, and represented the 
culmination of the previous summer and 
winter’s logging efforts.   Prior to the drive, 
stream channels were often cleared of 
obstructions such as large rocks, debris jams, 
and riparian vegetation to reduce the risk of 
logs being trapped behind obstructions (Young 
et al. 1994).  In addition, sloughs, backwaters, 
and side channels were often blocked off to 
prevent entrainment and loss of timbers 
(Wohl 2001). 

Although tie drives were timed to utilize 
high streamflow of snowmelt runoff, these 
drives were often supplemented by releasing 
water from behind large impoundments in 
larger streams or from behind smaller ‘splash 
dams’ in small headwater streams (Wohl 
2001).  In some cases, flumes were built to 
move logs around undriveable stretches of 
stream (Young et al. 1994). 

Although the last tie drives ended up to 
100 years ago, their effects on stream 
channels and riparian habitats are still 
evident.  In general, stream reaches with tie 
drives have decreased bed and bank stability, 
increased bed mobility, and loss of habitat 
diversity.  For example, streams in the 
Medicine Bow National Forest, Wyoming, that 
had tie drive streams tended to be wider, with 
degraded stream banks, less pool and more 
riffle habitat, and less coarse woody debris 
that streams without tie drives (Young et al. 
1994).  Tie drives also affected riparian 
vegetation, whereby affected streams had 
riparian habitats dominated by even-aged 

stands of lodgepole pine (Pinus contorta) 
versus unaffected streams that had uneven-
aged, multi-species stands of trees (Young et 
al. 1994; Wohl 2001).  Recovery of stream 
ecosystems degraded by tie drives will likely 
require a long period of time (Richmond and 
Fausch 1995). 

 
 
Effects Analysis 
 

Potential effects from tie drives on 
aquatic, riparian, and wetland resources are 
the following: 
 
Hydrology 
 
Effects 
1) By removing streamside vegetation, and 

instream obstructions, a straight channel 
with little resistance was formed.  The 
hydrology of these streams may be typical 
of more intense peaks, and lower base 
flows as water is transported quickly 
through the system. 

 
Water Quality 
 

In general, the effects of tie drives on 
water quality are short-term and are no 
longer detectable in mountainous streams.  
Water quality effects are more important in 
ponds and estuaries where logs are stored and 
sorted near mills. 
 
Effects 
1) Accumulations of bark, wood, and other 

debris at transfer and storage areas, 
where they lie on top of and within the 
sediments. 

2) Increased turbidity and reduced light 
penetration. 

3) Increased biochemical oxygen demand 
(BOD), production of hydrogen sulfide 
(H2S), and ammonia (NH4) during the 
decomposition of bark and woody debris. 

 
Riparian and Wetland Condition 
 
Effects 
1) Tie drives often involved the removal of 

riparian vegetation (Young et al. 1994).  
Trees adjacent to streams were often 
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removed to alleviate the risk of jam 
formation.  Because riparian conifers are 
the source of channel structure, their 
removal prolongs the deficit of instream 
wood.  The recovery of stream reaches 
impacted by tie drives depends on the 
growth of trees in the riparian zone and 
their eventual recruitment into the 
stream.  If natural succession is allowed to 
proceed uninhibited, it may take over 100 
years for streamside vegetation to become 
available for recruitment into the stream 
(Young et al. 1994). 

2) Clearing of streams and rivers for passage 
of logs has reduced the interaction 
between the stream and its flood-plain 
vegetation. 

 
Channel Condition 
 
Effects 
1) The scouring action of tie drives had 

considerable effects on channel 
morphology.  Some of the effects are still 
evident over 100 years following the last 
tie drive (Young et al. 1994). Young et al. 
(1994) discovered that historic railroad tie 
drives in southeast Wyoming reduced the 
complexity of stream channels directly by 
altering channel morphology and 
indirectly by removing coarse woody 
debris (CWD).   

2) The lack of CWD in reaches with log 
drives was the most notable characteristic 
of tie-driven reaches (Young et al. 1994).  
Besides the reduction in impacted 
channels, the loss of debris has probably 
led to reduced sediment and organic 
material storage, decreased channel 
roughness, and greater flow erosivity.  
Young et al. concluded that the problems 
would likely persist because of the reduced 

density of riparian trees near impacted 
reaches that can be recruited in the near 
future. 

3) The drives widened and straightened the 
channel that may have led to an increase 
in riffle abundance.  Pool volume may 
have been rapidly lost following the 
removal of CWD from streams prior to 
drives.  In addition, long-term channel 
stability was likely compromised due to 
the removal of in-stream debris. 

 
Biotic Condition 
 
Effects 
1) The immediate effects of tie drives on 

native and non-native fishes are unknown.  
However, because of the importance of 
large woody debris and bank roughness as 
cover and velocity shelters for fish, it is 
reasonable to assume that the quantity 
and quality of fish habitat decreased on 
streams that experienced tie drives 
(Young et al. 1994).   

2) It is interesting to note that following tie 
drives, fishing may have actually 
improved for a period of time (Young et al. 
1994).  This may be accounted for by the 
fact that log drives opened up the channel 
for fish movement and that the scouring 
action of the drive may have made 
available previously unavailable food 
sources. 

3) Changes in benthic invertebrate 
communities from changed channel 
conditions. 

4) The alteration of habitat or changes in the 
abundance of fish prey (benthic 
invertebrates) may indirectly effect fish 
populations either positively or negatively. 

5) Reduced aquatic plant diversity.   
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Measurement of Effects Table 
 

SCALE Evaluation Criteria 
Basin 
 

• Narrative description of land use history within basin, including timber harvest 
and development and transportation activities that utilized wood. * 

Landscape 
(4th level HUB) 

• 4th level watersheds with history of log tie drives.* 
• Percentage of streams affected by tie drives inside and outside National Forest 

Lands and comparison between 4th level HUBs. * 
Management 
(6th level HUB) 

• Percentage of streams with known or signs of historic tie cutting and tie driving 
(old log cabins, tall stumps, splash dams) per 6th level watershed (miles 
influenced/total stream mile/6th level HUB). ** 

 
 
Reach/site 

• Evaluate channel unit dynamics important for biological communities and 
stream stability (residual pool depth, substrate, pieces of CWD per 100 m, 
number of riparian trees >20cm dbh within 50m of stream). 

• Evaluate fish species population size and structure in relationship to undisturbed 
reaches and/or streams. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
 
 
Management Implications 
 

While tie drives no longer exist, their 
legacy is still prevalent in stream and riparian 
systems in the Rocky Mountains.  When 
current or future activities are identified in 
watersheds where influences from tie drives 
are still realized, the additive effects of those 
activities with the currently impacted system 

must be addressed.  In addition, restoration 
activities could be considered that would 
reestablish channel geometry, instream 
habitat complexity and riparian function to 
conditions that would have existed prior to the 
activity. 
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CHAPTER 8 
Urbanization Category 

 
Transmission Corridors 
 
Introduction 
 

Transmission corridors define a category 
that includes a variety of uses.  The most 
common include; telephone lines, electrical 
power transmission lines; and a variety of 
buried lines including natural gas, oil and gas, 
telephone, fiber optics, and so forth.  All of 
these uses have in common their layout on the 
landscape.  That is, they all consist of linear 
cleared corridors with some form of access 
road to much of the corridor.  In the forested 
vegetation or tall shrub vegetation types, the 
corridor is normally cleared of tall vegetation 
and is maintained to preserve that clearing.  
For the buried lines, they normally consist of 
one or more lines, buried underground at 
variable depths, normally with periodic 
surface facilities along the corridor, and some 
form of access road.  For both above-ground 
and buried lines, the width of the clearing is 
dependent on the width of the facility 
structure, with hi-voltage power lines 
normally occupying the greatest cleared width 
and single line buried structures occupying 
the least. 

Corridor clearing and re-vegetation 
depends on the existing vegetative type and 
on the age of the facility.  For forested 
vegetative types and tall shrub types, the 
corridor width is normally cleared of all tall 
vegetation.  This is done to prevent problems 
with branches or roots interfering with the 
facility (e.g., tree branches contacting high 
voltage power cables or tree roots breaking 
gas or phone lines).  In most cases, the cleared 
corridor has been seeded with some form of 
grass species as an erosion control feature as 
well as to inhibit regeneration of the tree 
and/or shrub canopy.  Where this seeding has 
been done, and has been successful, current 
erosion will normally be limited, invasive 
plants are inhibited, but snow accumulation 
and melt relationships can be disrupted.  In 
addition, the access roads that normally 
accompany the corridor often are steep with 

multiple switchbacks and are often highly 
susceptible to active erosion (Elliot 2000).  In 
the past, seeding normally involved the use of 
non-native species. 

For corridors involving low shrub and 
grassland vegetative communities, clearing is 
normally relatively limited.  For overhead 
lines, clearing may actually be unnecessary 
except for the access road.  This road is 
normally a minimal development road with 
limited maintenance.  For buried transmission 
lines, the degree of clearing is directly related 
to the type of facility being installed.  Large 
lines, such as oil or natural gas lines, may 
require a significant trench to be dug.  This 
frequently will involve more than one line and 
therefore more than one trench. For small 
diameter lines (such as fiber optic lines), the 
actual trench may be only a few inches wide 
with a disturbed area only a few feet wide.  In 
either case, the backfill or disturbed area may 
or may not be re-vegetated.  In the past, if re-
vegetation was done, it normally involved non-
native grass species.  Where this re-vegetation 
occurred, it usually resulted in a stand 
capable of providing reasonable protection to 
the site from erosion and from invasive 
species.  Where grass re-establishment did not 
occur, the site is susceptible to erosion 
commensurate with the slope and soil erosion 
potential, and is also highly susceptible to 
invasion by invasive plants.  Native plants 
will normally be used in current and future 
corridor restoration projects. 

Ultimately, the levels of disturbance 
resulting from initial corridor installation, 
subsequent maintenance and then use depend 
in part on the requirements developed by 
permitting agencies.  On Federal lands, 
including Forest Service lands, the 
installation and maintenance corridors are 
generally authorized under a special use 
permit or by a right-of-way and subject to 
measures designed to limit and mitigate 
corridor impacts.  Mitigation includes capture 
and reuse of soils in reclamation, reseeding, 
monitoring, and erosion control measures. 

Interstate transmission lines themselves 
also fall under the jurisdiction of the Federal 
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Energy Regulatory Commission (FERC).  
FERC can play an important role in 
coordinating mitigation and recovery on non-
federal lands. 
 
Effects Analysis 
 

Potential effects from transmission 
corridors include: 
 
Hydrology 
 
Effects 
1) Alteration of flow regimes (diversion of 

water from natural pathways related to 
roads). 

 
Water Quality  
 
Effects 
1) Increased sediment production - from less 

than adequately vegetated corridors and 
especially from minimally developed 
roads; increased potential for rill or gully 
erosion related to corridors running 
perpendicular to the slope (especially on 
steep, erosive slopes). 

 
Riparian and Wetland Condition  
 
Effects 
1) Alteration of plant community 

relationships (clearing of tall riparian 
vegetation including conifers and tall 
hardwoods); alteration of plant community 
structure (increased wild ungulate and 

livestock use of seeded species in corridors 
with attendant trailing effects). 

 
Channel Condition  
 
Effects 
1) Increased sediment production (from less 

than adequately vegetated corridors and 
from minimally developed roads); 
decreased bank stability and increased 
width (relative to clearing of vegetation 
along corridor). 

 
Biotic Condition 
 
Effects 
1) Soil disturbance increasing habitat for 

invasive plant species. 
 
Measurement of Effects Table 
 

Those riparian and wetland areas most 
susceptible to transmission corridors would 
normally be the lower gradient systems with 
fine textured soils and those forested areas 
with steep and/or erosive slopes. 

In order to address the influence of 
transmission corridors on species viability and 
ecosystem sustainability, several scales need 
to be addressed.  The following table 
illustrates the analysis needed to provide a 
comprehensive view of the influence of 
transmission corridors on aquatic, riparian, 
and wetland resources. 
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SCALE Evaluation Criteria 
Basin • Narrative description of extent, spatial distribution, types, and history of 

transmission corridors/effects. * 
Landscape  
(4th level HUB) 

• Acres within transmission corridors, comparison between 4th level HUBs. * 

 
Management  
(6th level HUB) 

• Density of transmission corridors per 6th level HUB (mile/stream mile /6th level 
HUB). * 

• Density of transmission corridor per stream mile in the valley bottom. ** 
• Density of stream crossing per stream mile per 6th level HUB. ** 

 
 
Reach/site 

• Acres of woody riparian vegetation removed. 
• Road crossings and roads hydrologically connected to aquatic, riparian, and 

wetland.  
• Number of corridors crossings; corridors hydrologically connected to stream 

systems. 
• Erosion characteristics. 
• Creation of unauthorized trails and roads. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 

 

 

Management Implications 
 

Transmission corridors can have a 
significant impact on aquatic, riparian, and 
wetland resources (Elliot 2000; France 1997).  
These corridors normally are laid out in 
relatively straight lines and sharp angles with 
limited ability to avoid or move around critical 
areas.  They will often travel up and down 
steep slopes and can cross aquatic, riparian 
and wetland areas at near right angles. 

Validation needs would consist of more 
specific information regarding location of 
transmission corridors.  In addition, a 
sampling system should be set up to evaluate 
the effects of these corridors on the landscape.  
Specifically these monitoring efforts should 
focus on those areas involving steeper slopes, 
erosive soils, road construction, and 
vegetation manipulation.  Questions to be 
answered would include: what are the effects 
of the corridor and associated features (roads 
specifically) on water transport, sediment 
transport, and erosion; what are the effects on 
native plant communities in terms of species 
composition and cover and structure; and, 
what are the effects on key wildlife species in 
terms of habitat fragmentation? 
 
 

Urbanization  
 
Introduction 
 

Recently, private tracts of land in and 
adjacent to public lands in many western 
states are often found to be highly desirable 
for residential, commercial, and recreational 
use.  Near larger and expanding population 
centers and urban areas, the pace of 
conversion of these lands from open space to 
developed space can be rapid and influence 
the adjacent public land, downstream aquatic 
systems, and groundwater. 

Influences of urbanization to aquatic, 
riparian, and wetland resources include both 
surface and ground water depletion, nutrient 
input, and alteration of hydrology and stream 
channels.  Groundwater systems provide 
about 95 percent of the domestic drinking 
water used in rural settings and communities 
in the Rocky Mountain Region. Withdrawal of 
groundwater from aquifers can lead to surface 
water depletion as does direct withdrawal 
from surface waters.  Increased water use can 
lead to increased wastewater production and 
hence the potential for influences 
downstream.  Sources of pollution include 
wastewater treatment, nonpoint source 
pollution, underground storage tanks, solid 
waste storage, and hazardous material 
storage.   Depletion, diversions, and storage 
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systems further influence aquatic systems by 
alteration of flow pattern, timing, and volume. 

In 1995, the U.S. EPA (1998) summarized 
water quality information submitted by 
states, tribes, and other jurisdictions. The 
1995 summary indicated that municipal point 
and non-point sources from residential and 
commercial sources were identified as 
significant contributors of pollution to rivers, 
streams, lakes, ponds, and reservoirs.  
Principal groundwater contamination sources 
included underground storage tanks, septic 
tanks, and landfills.  Urbanization was 
identified as a major factor in contaminating 
surface and groundwater, modifying 
hydrologic processes.   

Urbanization replaces natural vegetation 
cover with impervious surfaces, decreasing 
natural infiltration of water, increasing peak 
flows, and decreasing groundwater recharge 
(Weiss 1995).  Increased peak flows can 
negatively affect drinking water quality by 
causing bank destabilization and streambed 
scouring, which increase turbidity and 
sedimentation (Phillips and Lewis 1995).  
Reduced groundwater recharge decreases base 
flow in streams and increases pollutant 
concentrations.  Decreased base flow impairs 
aquatic habitat and riparian wetlands and 
increases the stream’s sensitivity to pollution 
and sedimentation. 
 
Wastewater treatment 

Residential and commercial wastewater is 
treated by decentralized (onsite) and 
centralized (sewer) systems.  Decentralized 
systems affect both surface and groundwater 
while centralized systems generally affect 
surface waters.  The 1990 census indicates 
that 25 million households use onsite disposal 
systems for wastewater.  Each state has its 
own definition of failure, but estimates of 
failure rates range from 18 to over 70 percent 
(U.S. EPA 1997).  Contaminants can be 
classed as inorganic (sodium, chlorides, 
potassium, calcium, magnesium, sulfates, and 
ammonium), microorganisms (bacteria and 
viruses), and chemical organics originating in 
household products (Phillips and Lewis 1995; 
U.S. EPA 1997).  Effluent from septic systems 
usually contains high concentrations of 
ammonium and organic nitrogen. 
 

Urban runoff 
Urban land can generate non-point source 

pollution.  Various chemicals are often applied 
around homes, businesses, and adjacent lands 
for a variety of purposes, including fertilizing 
and weed control.  These chemicals can be 
carried by surface runoff to receiving waters.  
As land is developed and impervious surface 
area increases, the amount of urban runoff 
increases.  Consequently, land development 
can increase the amount of non-point source 
pollutants discharged into surface waters 
(Phillips and Lewis 1995).  Major pollutants 
associated with residential and commercial 
runoff include sediments, suspended solids, 
oxygen-demanding materials, nutrients, 
organics, biocides (herbicides, fungicides, 
pesticides), polysyslic aromatic hydrocarbons, 
and petroleum hydrocarbons (U.S. EPA 1997; 
Weiss 1995).   

Residential and commercial construction 
can create site disturbances.  Sediment 
loading from site preparation, and 
construction and maintenance of buildings 
and roads can exceed the capacity of streams 
to transport the sediment (Yoder 1995).  
Sediment loads from inadequately mitigated 
construction sites typically are 10 to 20 times 
per unit of land area greater than those from 
agricultural land and 1,000 to 2,000 times 
greater than those from a forest (Weiss 1995).  
In a relatively short period, urban site 
construction can contribute more sediment to 
a stream than was deposited over the previous 
several decades (Weiss 1995). 

Urban runoff is highly intermittent.  
Short-term loading, associated with individual 
storms, is high and may have a shock effect on 
the receiving water (Weiss 1995).  When 
predicting the effect of urban runoff on water 
quality, it is important to determine the 
duration of effect.  Effects may be acute or 
chronic (Phillips and Lewis 1995).  Oxygen-
demanding substances and bacteria create 
acute effects; whereas nutrients, sediments, 
toxic materials, and organics create chronic 
effects. 

Urban infrastructure has also been known 
to affect terrestrial, riparian, and aquatic life.  
Bridge construction, building in the 
floodplain, constructing instream hard 
structures and dams has altered many of the 
native habitats for aquatic and terrestrial life 
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(Becker 1995; Johnson et al. 1995).  
Urbanization has also reduced beaver, which 
were the historic dam builders in watersheds 
for water storage (Erome and Broyer 1986; 
Hagglund and Sjoberg 1999; Reice et al. 1990). 
Urban areas, in general, tend to occur in lower 
gradient reaches of the world’s rivers, which 
are generally high in biodiversity. As a 
consequence various species have been 
extirpated or reduced in numbers, habitat 
and/or community complexity, and a 
significant loss in refugia habitat from these 
valuable urban stream reaches (Bisson et al. 
1992; Gregory et al. 1991; Johnson et al. 1995; 
McIntosh et al. 1994; Reice et al. 1990; Sedell 
et al. 1990; White 1996).     

 
Effects Analysis    

 
Obviously, the influences of increased 

urban development are diverse and many.  
The purpose of this analysis is not to address 
each influence, but identify trends and 
potential risk at multiple scales.  With this in 
mind, the following effects and measurements 
are listed. 
 
Hydrology 
 
Effects 
1) Water withdrawals and other alteration 

for municipal use.   
2) Increased runoff and decreased base flows 

from increased impervious surfaces 
preventing saturation and recharge. 

 

Water Quality 
 
Effects 
1) Contamination of surface and ground 

water.  Increased runoff containing salts, 
heavy metals, petroleum residues and 
other chemicals (lawn care, etc). 

2) Increased sediment yield from changed 
hydrology and from disturbed areas (such 
as construction sites). 

 
Riparian and Wetland Condition 
 
Effects 
1) Effects include direct loss due to 

development and hydrologic disconnection. 
2) Effects include wetland and riparian loss 

or alteration due to hydrologic changes 
(decreased base flow, etc.). 

 
Channel Condition 
 
Effects 
1) Encroachment by development – 

structures and roads.  Channel 
straightening, armoring, crossings, etc. 

2) Channel adjustments associated with 
changes in flow (decreased base flow, 
possible increased flood flows due to 
increased impervious surfaces). 

 
Biotic Condition 
 
Effects 
1) Potential to introduce various pathogens 

(such as parasites, bacteria and viruses 
from sewage effluent) and exotic species 
due to concentrated human activity). 

2) Algal blooms due to increased nutrients. 
3) Introduction of non-native species for 

recreation (e.g., salmonids for fishing) and 
aesthetics (e.g., Tamarisk trees). 
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Measurement of Effects Table 
 

SCALE Evaluation Criteria 

Basin 
• Narrative description of historical development and trends. 
• Pattern of development in the basin, floodplain development patterns. * 

 
 
Landscape 
(4th level HUB) 

• Number and size of urban areas for entire scale. * 
• Narrative on location, concentration related to 4th level HUBs within and 

outside of the National Forest/Grassland boundary. *   
• Relationship of public to private land between 4th level HUBs and between 4th 

level HUBs within Forest Service lands (acres public land /total acres/4th level 
HUB). * 

 
Management 
(6th level HUB) 

• Percent of 6th level HUB within private ownership. * 
• Percent of 6th level HUB in private ownership within valley bottom. ** 
• Description of point and nonpoint pollution sources (miles of 303d listed 

streams for nutrients, organic pollution/total stream mile/6th level HUB). ** 
 
 
 
 
Reach/site  

• Deviation from natural hydrograph.  Determine if channel adjustments have 
occurred and changes in habitat quality. 

• Site characteristics (permeability, depth to bedrock, depth to groundwater 
table, topography and climatic patterns) of septic systems. 

• Location and type of wetlands and riparian areas in or near disturbed areas. 
• Extent of impervious surfaces. 
• Direct water use. 
• Presence of introduced species. 
• Waste water treatment facilities and function. 
• Influence of nutrients on downstream aquatic biota. 
. 

*  Suggested measurements for addressing aquatic, riparian, and wetland resource values. 
** Basic level of analysis needed for assessment and consistency across administrative boundaries. 
 
 
 
Management Implications 
 

Urbanization can have extreme effects on 
aquatic, riparian, and wetland resources.  
Urban structures are essentially permanent 
and aquatic, especially wetland, features can 
be permanently lost or degraded.  Storm 
drains can carry petrochemicals and other 
contaminants directly into streams.  
Recreation residences, lodges, cabins, huts, 
and associated buildings should be kept well 
away from streams and wetlands with 

attention paid to storage of any hazardous 
materials.   

The USDA Forest Service does not 
regulate urbanization, per say.  However, we 
can be a part of public processes and 
developments that influence public lands that 
could be affected.  When we are conducting 
management activities on federal lands, we 
should consider also the influences that 
activities on private lands are having on 
aquatic, riparian, and wetland resources. 
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