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Executive Summary 
 
Landscapes are the features of an area of land, including the physical, biological, and socioeconomic 
characteristics. Collectively, they reflect the biophysical origins and the overlay of culture and human 
presence, often created over millennia. However, and more importantly, landscapes reflect a living 
synthesis of ecology, people, and place vital to local and regional identity, and social and economic 
wellbeing. Landscapes, their character and quality, help define the self image of a region - a sense of 
ǇƭŀŎŜΦ ¢ƘŜȅ ŀǊŜ ǘƘŜ ŘȅƴŀƳƛŎ ōŀŎƪŘǊƻǇ ǘƻ ǇŜƻǇƭŜΩǎ ƭƛǾŜǎΦ aƻǎǘ ƛƳǇƻǊǘŀƴǘƭȅΣ ŦƻǊ ǘƘƛǎ ǊŜǇƻǊǘΣ human actions 
interact within the Columbia River Basin landscapes to ultimately shape abundance, productivity, 
diversity, and resilience of fish and wildlife populations.  
 
Columbia River Basin landscapes are as varied as those of any river in the world, but they also carry the 
signature of large-scale change through human activities. A history of land use and conversion, 
alteration of habitat and habitat connectivity, socioeconomic growth and development, expansion of 
non-native species, and a shift from natural to artificial production of native and non-native fishes 
translate to declines in abundance and diversity of native species. Remnant native populations are often 
fewer, smaller, and more restricted in spatial extent; have more limited connectivity; and have less 
within and among population diversity. The net result is populations and species that are increasingly 
vulnerable in a changing and unpredictable world. These trends can be reversed if critical habitats and 
connections among them and their landscapes are conserved and restored, but the perspective guiding 
these efforts must be larger and more comprehensive than in the past.  
 
The objectives of this report are to distill current concepts and understanding of the critical processes 
shaping landscapes and their associated fish and wildlife populations, and to synthesize the best 
approaches for conserving and restoring self-sustaining fish and wildlife populations within the 
landscapes of the Columbia River Basin. This report builds on and extends previous ISAB and ISRP 
reports that consider restoration in the Basin. Expanding on general guidance, a major focus of this 
report is on current understanding of the workings of landscapes as integrated ecological and 
socioeconomic systems. We emphasize past guidance to extend beyond the stream, consider the full life 
history needs, and build from a larger context, but to do so with a more effective engagement of social 
and economic issues in the Basin.   
 
This report focuses strongly on the socioeconomic dimension that has not been explicit in earlier ISAB 
reports. We emphasize the need for effective socioeconomic and ecological integration and 
interdisciplinary collaboration. Our review supports an effort to move beyond spatially isolated or 
independent projects to broader integration of actions. A landscape perspective is critical for effective 
habitat conservation and restoration. Species and populations depend on the highly heterogeneous 
characteristics of land, water, and people and on the interdisciplinary knowledge needed to manage and 
restore resilient habitats. A comprehensive landscape approach demands a strong and continued 
coupling between biophysical and socioeconomic knowledge. It brings understanding and engagement 
on social and economic issues, making effective management and restoration possible.  
 
The concepts of landscape ecology, resilience, and adaptive capacity provide a critical foundation in 
conjunction with the focus in the Columbia River Basin on abundance, productivity, diversity, and spatial 
structure (defined in Appendix IX). Landscape ecology argues that spatial and temporal patterns of 
organisms, their habitats, and the processes that create and maintain them, matter. Virtually all 
organisms depend on linkages among a variety of habitats embedded in larger landscapes. These 
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habitats collectively supply the conditions that support abundant and productive populations, but only if 
they are suitable, large enough or connected enough, and maintained in enough places through time. 
 
Resilience is a key concept in landscape ecology and socioeconomics. Resilience is a capacity to absorb 
and adapt to disturbance and change ς while maintaining essential functions. Resilience for fish and 
wildlife results, in part, from diversity within and among species; modularity or compartmentalization 
that defines individual habitats, habitat patches, and populations; and the connections and feedbacks 
among them. Resilience in human systems follows from parallel conditions. Promoting an enduring 
resilience requires a landscape context.  
 
Adaptive capacity is the foundation for management of resilience in natural and human systems that are 
increasingly variable and unpredictable. Adaptive capacity depends on the integration of diverse 
interdisciplinary knowledge as well as the capacity to learn and adapt through better experimentation, 
innovation, and diffusion of new and better information and approaches. New goals, plans, and actions 
that build adaptive capacity enable managed systems to provide valuable ecological services, even when 
they may be very different from natural systems of the past.  
 
Throughout the report we follow four general themes to summarize important processes, underlying 
principles, and criteria to evaluate a comprehensive landscape approach to conservation and 
restoration.  These criteria form the basis of our general recommendations for any group pursuing a 
more comprehensive approach and the use of these criteria is the main recommendation of this report: 

 

¶ Engage the public and diverse social groups associated with the landscape and build socioeconomic 
understanding.  

¶ Incorporate a strategic approach with a foundation in the concepts of comprehensive landscape 
ecology.  

¶ Develop organizations that support collaboration, integration, and effective governance and 
leadership.  

¶ Promote adaptive capacity based on active learning through assessment, monitoring, innovation, 
experimentation, and modeling, combined with a clear process to share new information and revise 
objectives, strategies, and actions in response to that information.  
 

Many of the concepts and recommendations in this report are not new. The basic principles of 
ecosystem management and the need to consider larger scale pattern and process in conservation and 
restoration are already part of the vision and direction offered in planning and policy documents from 
the Council, NOAA Fisheries, the Tribes, and others. But, successful implementation still faces technical 
and socioeconomic challenges. These include inconsistent and conflicting conceptual models and 
incomplete information; limited agency or public commitment and engagement; competing 
preferences, values, and understanding of the larger vision; a lack of science-management-public 
engagement and integration; and missions that conflict among or within agencies. As a result, planning 
and implementation of restoration can be piecemeal. Even with broader planning, restoration activities 
tend to be opportunistic, inadequately monitored, and without coordination between adjacent 
landowners or responsibilities, rather than integrated and strategic.  

 
Our understanding and implementation of a more comprehensive approach must be strengthened and 
will continue to evolve. The basic concepts must become part of the culture of conservation and 
restoration. Much of the distillation to rules of thumb and best management practices occurs as 
scientists, managers, administrators, and the public review, compare, apply and modify approaches and 
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as new knowledge and experience develop. We provide a series of points for each general 
recommendation that summarize current knowledge and guidance (Table VII.1) to facilitate that 
process. We also provide seven recommendations in addition to our recommendation that the four 
criteria (Section IV) listed above be used in all evaluations. These are to:  

 
1. Build Broader Public Support  

Enlist the public and diverse social groups associated with the landscape to build socioeconomic 

understanding and support for comprehensive restoration.  

2. Rebalance the Vision for Restoration 
Organize a strategic approach with a foundation in comprehensive landscape ecology that balances 
the goal of abundance, with the vision of diversity and resilience. 

 
3. Establish Leadership in Linking Science and Management  

Support and facilitate a strong engagement of landscape science in assessment, restoration 
planning, and actions 

 
4. Work Across Boundaries 

Support or extend existing and non-traditional efforts and develop more, cost effective 
partnerships.  

 
5. Reinvigorate and Extend Adaptive Management. 

Fully develop adaptive management to support adaptive capacity. 
 

6. Develop Best Practices 
Support the development and diffusion of best practices to guide more consistent actions. 
 

7. Strengthen the Social and Economic Capacities of ISAB and ISRP 
Increase formal cooperation and collaboration between the two bodies to improve the integration 
of ecological and socioeconomic perspectives. 

 
 



1 
 

I. Introduction and Background  
 
ά[ŀƴŘǎŎŀǇŜ ǎƘŀǇŜǎ ŎǳƭǘǳǊŜέ - Terry Tempest Williams 

 

Objective of the Report 
 
In recent decades, understanding of the ecology 
of large and complex landscapes and how 
societies shape their resilience has advanced 
substantially. Landscapes are now understood 
to be heterogeneous and integrated natural and 
socioeconomic systems that are continually 
changing. Despite their complexity, biophysical 
and socioeconomic scientific knowledge can be 
applied to manage landscapes for the mutual 
benefit of human societies and nature. River 
corridors and their adjacent lands are complex 
landscapes that have served throughout history 
as critical focal areas for human activity and 
development. Resilient landscapes, and their 
resilient human societies, have well-developed 
capacity to adapt and persist in changing 
conditions, and have internal self-sustaining 
capabilities.  
 
The Columbia River Basin landscape, 673,396 
square kilometers (260,000 square miles) in 
area and consisting of 11 ecological provinces 
and 62 Council-defined subbasins, includes 
άŎƭƛƳŀǘƛŎ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ǘƻǇƻƎǊŀǇƘȅ ŀǎ ǾŀǊƛŜŘ 
as any river in the world - from alpine to desert 
to rainforestέ όbƻǊǘƘǿŜǎǘ tƻǿŜǊ ŀƴŘ 
Conservation Council, Fish and Wildlife 
Program, 2009, p 1). Within the Columbia River 
Basin landscape, diverse human industries, 
including agriculture, forestry, mining, 
manufacturing, and hydropower, are typically 
associated with water demands and other 
impacts on the Columbia River, its tributaries, 
and riparian zones. Human actions in upland 
zones far removed from large tributaries and 
the mainstem river also can have major impacts 
throughout the Columbia River Basin and into 
the estuary.  
 
A comprehensive landscape approach is needed 
for understanding the interdependence of 

habitats, fish and wildlife, and people and their 
enterprises in the Columbia River Basin. There is 
a long history of high quality research in the 
Basin in a wide range of disciplines, including 
fisheries, aquatic and wildlife ecology, geology 
and geomorphology, stream and river 
processes, sociology, anthropology, economics, 
and political science. However, inadequate 
attention has been given to developing a 
sufficiently broad conceptual framework for 
interpretation and application of results, which 
no doubt involve factors that interact and which 
must play out over the landscape and over long 
time periods.  
 
Recent advances in science and technology 
enable broader-scale and more comprehensive 
study, visualization, and management of the 
Columbia River Basin landscape, including its 
habitats and fish and wildlife populations. It is 
the view of the ISAB that such advances can 
significantly improve the efficiency and 
effectiveness of conservation and restoration of 
the landscape, including habitats, biota, and the 
human societies and economies that depend on 
them. The need for a comprehensive landscape 
perspective to guide regional and subbasin 
approaches to restoration (ISAB/ISRP Subbasin 
plans review, 2004-13) is especially strong as 
the Basin faces rapid increases in population 
(ISAB 2007-3) and changes in land use, climate 
(ISAB 2007-2), biotic community structure (ISAB 
2008-4), and aquatic food supplies (ISAB 2011-
1). In particular, a comprehensive landscape 
perspective will be useful as full life cycle 
perspectives are incorporated into recovery and 
conservation of salmonid and other 
populations. A comprehensive landscape 
approach will require interacting with very large 
numbers of people who depend on the .ŀǎƛƴΩǎ 
resources. 
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The objective of this report is to review the 
recent scientific literature and distill current 
understanding of the best approaches for 
restoring self-sustaining fish and wildlife 
populations within the landscapes of the 
Columbia River Basin. For anadromous fish, 
such as the salmonids of the Basin, the 
landscape includes diverse and connected 
habitats, from freshwater tributaries where 
they spawn and rear, to mainstem rivers, 
reservoirs, dams, and the estuary and ocean. In 
addition, watersheds, hillslopes, and riparian 
and forest communities influence those 
habitats. So too do the many and various 
activities of the people, and a comprehensive 
landscape perspective includes consideration 
and engagement of people. Effective 
conservation and restoration require 
monitoring of ecosystem status and trends, 
assessment of the results of actions, and 
application of knowledge gained to future 
actions. This report therefore includes 
discussions of adaptive management, 
forecasting/scenario planning, and monitoring 
and assessment of habitats and species at 
broad spatial scales.  
 
Effective conservation and restoration of the 
Columbia River Basin requires a broader, more 
comprehensive, and more coordinated 
approach. This view is not new. For instance, an 
earlier group of independent science advisors 
noted that άΧƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘǊƛōǳǘŀǊȅ 
ǊŜǎǘƻǊŀǘƛƻƴ ŜŦŦƻǊǘǎ ΧΦ ǊŜǉǳƛǊŜǎ ŀƎŜƴŎƛŜǎ ǘƻ 
achieve a level of communication and 
coordination that is unprecedented for such a 
large area, particularly because their 
institutional mandates may occasionally 
promote actions that are contradictoryέ - 
Return to the River (ISG 2000, p. 610). However, 
the needs remain and have grown more 
pressing in the face of current trends in climate, 
human population, economy, and globalization 
(e.g., ISAB 2007-2, 2007-3, 2008-4, 2011-1).  
 
One need is for coordination of conservation 
and restoration actions over large areas, and 
landscape ecology provides a foundation for 

this. Another need is for coordination of social 
and institutional governance, involving 
leadership, improved communication, 
collaboration among all interests, and 
development of shared goals and values. This 
aspect of coordination is widely acknowledged 
but has proven difficult to achieve. A third 
aspect of needed coordination is between social 
and ecological sciences and of social and 
economic actions with environmental/natural 
resource actions. This coordination can be 
particularly difficult, as it involves integration 
among parties that may have conflicting goals, 
values, or agency missions. Coordination of 
socioeconomic and environmental/natural 
resource actions remains a pressing need, and 
paths to this coordination feature prominently 
in this report.  
 
This report supports progress on these three 
aspects of coordination by examining recent 
science and concludes that restoration of the 
Columbia River Basin requires implementing a 
comprehensive landscape approach. It is the 
opinion of the ISAB that a comprehensive 
landscape approach will improve the efficiency 
and effectiveness of efforts to conserve and 
restore the Basin. A comprehensive landscape 
approach moves beyond spatially isolated or 
independent projects to broader integration of 
actions in order to restore a healthy and 
resilient regional ecosystem that sustains both 
diverse habitats and fish and wildlife 
populations and also vibrant human societies. 
The recommendations of this report are 
intended to enhance progress on management 
of ecosystems as natural-cultural systems that 
support shared social and ecological values and 
are resilient; that have the potential to adapt to 
changing environmental and social conditions, 
sustain diverse habitat, fish and wildlife 
populations, and cultures, and retain the basic 
functions and services on which those 
populations and cultures depend. Thus, the 
report provides guidance for progress toward 
the visions and goals of the Fish and Wildlife 
Program, Tribal recovery plans, and NOAA 
recovery plans.  
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Scope of the report 
 
This report extends efforts to develop best 
practices to foster restoration of salmonids, and 
other fish and wildlife, in the Columbia River 
Basin. Expanding on the general guidance in 
Return to the River (ISG 2000) to think big, think 
comprehensively, take note of connections and 
diversity, and improve mitigation effectiveness, 
a major focus of this report is on current 
understanding of the workings of landscapes, 
from heterogeneous watersheds to even larger 
areas such as the Subbasins and Ecological 
Provinces of the Columbia River Basin. In 
presenting this landscape perspective, we also 
update recommendations from a previous ISAB 
report, Review of Strategies for Recovering 
Tributary Habitat (ISAB 2003-2).  
 
The current report adds a focus on the 
socioeconomic dimension that was not explicit 
in Return to the River (ISG 2000). We emphasize 
the need to approach restoration and 
management with interdisciplinary studies and 
projects. Ecosystems are natural-cultural 
systems; people and their activities are integral 
parts of ecosystems and have been for 
millennia. Landscapes are integrated and 
coupled ecosystems that include many 
biological and physical players: people and 
many other organisms, including fish and 
wildlife, as well as the lands, waters, and 
diverse physical, chemical, and hydrologic 
processes that support them.  

Structure of the report  
 
The report consists of this introduction (Section 
I), seven other sections, and two Appendices. 
 
Section II (Landscape Legacy of the Columbia 
River Basin) describes changes in the Columbia 
River Basin landscapes over historic time. 
Emphasis is on the extensive landscape changes 
that followed European colonization and 
continue to form the Basin and its cultures.  
 

Section III (Foundations for a Comprehensive 
Landscape Approach) presents current 
understanding of how the patterns and 
processes structuring landscapes underpin the 
abundance, diversity, productivity, and 
resilience of both fish and wildlife populations 
and socioeconomic systems. The section distills 
principles for restoration of large landscapes.  
 
Section IV (Criteria to Evaluate Landscape 
Conservation and Restoration) identifies four 
Criteria that are necessary for effective 
landscape conservation and restoration. These 
Criteria are the organizing framework for the 
report. Examples are provided to illustrate the 
effectiveness of approaches to landscape 
restoration and how these relate to the Criteria.  
 
Section V (Implementing a Comprehensive 
Landscape Approach) notes several long-
standing challenges to successful 
implementation of landscape-level restoration 
ƻŦ ǘƘŜ .ŀǎƛƴΩǎ ƭŀƴŘǎŎŀǇŜǎ ŀƴŘ ŘƛǎŎǳǎǎŜǎ ǇŀǘƘǎ ǘƻ 
resolving them.  
 
Section VI (Building Adaptive Capacity through 
Adaptive Management) discusses building 
adaptive capacity, through adaptive 
management, monitoring, and assessment. It 
provides brief guidance as to ways to overcome 
the considerable challenges to these 
enterprises that are posed by the size and 
physical, biological, and social complexity of the 
Basin. This review emphasizes feasibility and 
adequacy to assess status, trends, and 
effectiveness at large spatial scales, as well as 
approaches that better integrate the social, 
economic, and cultural aspects with the natural 
resources that are the typical focus of 
monitoring.  
 
Section VII synthesizes the central 
recommendations from the report  
 
Section VIII provides concluding remarks.  
 
Appendix A provides more detail on viable 
salmonid populations; adaptation, diversity, and 
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restoration; classification systems; spatial 
structure; and linked habitat and life history 
models considered in Section III. 
 
Examples of how guidelines drawn from a 
comprehensive landscape approach have 

influenced efforts to restore large areas are 
given throughout the report and in Appendix B, 
which provides case studies for seven large-
scale restoration programs considered in 
Section IV.  
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Figure II.1. Sequential development of activities driving landscape change in the Northwest and concurrent 
changes in human population size. (U.S. Census data for Oregon, Idaho, Montana and Washington). Wide 
dark bars indicate the period of peak development and rapid habitat conversion, and wide light bars 
indicate continued effects following the development period (prepared by NPCC staff). 

II. Landscape Legacy of the Columbia River Basin 
 
Landscapes are a product of their history, 
carrying the overt and subtle imprints of past 
natural events and human activities: 

 
άΦΦΦ ǘƘŜ ƭŜƎŀŎƛŜǎ ƻŦ ƭŀƴŘ use activities 
continue to influence ecosystem structure 
and function for decades or centuries ς or 
even longer ς after those activities have 
ceased. Consequently, recognition of 
these historical legacies adds explanatory 
power to our understanding of modern 
conditions... and reduces missteps in 
anticipating or managing for future 
ŎƻƴŘƛǘƛƻƴǎΦέ (Foster et al. 2003, p 77).  

 

People have greatly changed landscape 
patterns and processes of the Columbia River 
Basin through activities that have included 
depletion of fur-bearing animals and large 
predators, development of agriculture, mining, 
timber harvest, fisheries, and hydropower, 
industrialization, and urbanization. These 
activities came into prominence sequentially 
over a period of only 200 years (Figure II.1). 
Each activity developed rapidly over a span of 
four to five decades, and each continues to 
have significant social, political, economic, and 
ecological impacts. The fundamental drivers of 
landscape change have been growth of the 
human population, expansion of the economy, 
advances in technology, and globalization.  
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Landscape Effects of Pre-settlement 
Resource Use by Native Americans  
 
Human interactions with the landscape did not 
begin with the arrival of Euro-Americans. Native 
Americans had occupied the region for at least 
10,000 years (Campbell and Butler 2010) and 
had established their own accommodation with 
the landscape; they managed the resources on 
ǿƘƛŎƘ ǘƘŜȅ ŘŜǇŜƴŘŜŘΦ ¢ƘŜ άŦƻƻǘǇǊƛƴǘέ ƻŦ ƴŀǘƛǾŜ 
cultures on Northwest landscapes was small, 
relative to the pervasive impacts of modern 
industrial society. 
 
Use of fire to manage habitat  

Native American tribes occupying the 
Northwest prior to Euro-American settlement 
used fire as a tool for manipulation of local 
habitat (reviewed by Robbins and Wolf 1994, 
Hessburg and Agee 2003). Fires were set at 
times and locations favorable for new growth of 
plants used as food by both humans and the 
animals they hunted (Boyd 1986, Boag 1992). 
Cessation of burning by Native Americans likely 
contributed to successional changes in 
grassland, shrub, and lower-elevation woodland 
and forest biomes throughout the Northwest 
over the past century, but other influences, 
such as fire suppression and livestock grazing, 
also have contributed to these changes.  
 
Use of aquatic resources 

Salmon and other aquatic foods were an 
integral part of the culture of Native American 
tribes in the Columbia Basin and figured 
prominently in mythology and ceremony 
(Gunther 1926, Williams 1980, Landeen and 
Pinkham 1999, NPCC 2004, ISAB 2011-1). 
Salmon were a food of major importance as 
early as 8200-9300 BP ό.ǳǘƭŜǊ ŀƴŘ hΩ/ƻƴƴƻǊ 
2004) and remained so (Butler and Campbell 
2004). Anthropological data and the 
observations of early explorers and fur traders 
indicate that native people regulated harvest of 
salmon at important fishing areas on the 
Columbia River and tributaries through social 
custom and negotiation (Campbell and Butler 

2010). The weight of evidence suggests that 
Native Americans in the Columbia River Basin 
avoided the overuse of aquatic resources that 
has characterized many modern fisheries. 
Fisheries were concentrated at favorable 
mainstem locations and harvested mixed 
stocks, so overharvest of specific populations or 
subpopulations may have occurred at times, but 
impacts would have been reduced by the great 
diversity of life history types within and among 
populations and species at that time.  

The Fur Trade: Agent of Landscape-
Scale Change 
 
The original impetus for exploration of the 
Northwest was the lure of profits from the fur 
trade. The resulting near extirpation of beaver1 

was the first major impact of Euro-American 
exploration and settlement on Northwest 
ecosystems, and the effects on landscape 
patterns and processes, although often 
unrecognized, remain evident today. Attitudes 
toward beaver today vary; reintroduction 
efforts are underway in some areas, while 
elsewhere beaver removal is still official policy. 
 
Beaver dams strongly influence stream flows 
and sediment transport. The highest density of 
beaver dams is on the smaller first- through 
fourth-order streams (Naiman 1988) that 
account for >80% of the total length of river 
systems (Naiman 1983, Benda et al. 2005). 

                                                           
1
Beaver were a casualty of competition between 

Britain and the United States. The two countries had 
competing claims to the territory then known as the 
Oregon Country, but an agreement in 1818 allowed 
joint use and settlement of the region. Both parties 
realized that long-term joint occupancy of the region 
would be untenable and that control would 
eventually be established by settlement. The 
ǎǘǊŀǘŜƎȅ ƻŦ ǘƘŜ IǳŘǎƻƴΩǎ .ŀȅ /ƻƳǇŀƴȅ ǿŀǎ ǘƻ 
extirpate fur-bearing animals, particularly beaver, to 
discourage American trappers and traders (Langston 
1995, Thorson 2009). This campaign of 
extermination severely reduced beaver populations 
throughout the Northwest.  
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Individual beaver dams have a life span of a 
year or two to a few decades. When they are 
breached or abandoned, newly exposed 
sediments are colonized by terrestrial plants 
and become valley bottom meadows, which 
may persist for centuries (Rudemann and 
Schoonmaker 1938). Chemical elements 
accumulated from decay of the originally 
inundated upland vegetation support growth of 
plants in the new meadows (Naiman et al. 
1994). The result over time is a longitudinal 
mosaic of ponds, meadows in different 
successional stages, and steeper, free-flowing 
steam reaches. In large river systems, beaver 
build dams on floodplain channels and 
backwaters, adding to the patchiness of the 
mosaic of habitats. Beaver impoundments and 
beaver-formed meadows modify the hydrology, 
geomorphology, and ecology of streams and 
the exchange of nutrients with adjacent 
terrestrial ecosystems: consequently, aquatic 
and riparian habitats in watersheds with 
healthy beaver populations differ considerably 
from those of watersheds without beaver 
(Sidebar II.1). 
 

Continued over millennia, the process of beaver 
dam building and rebuilding flattens valley 
profiles and elevates valley floors (Naiman et al. 
1988, Pollock et al. 2003). The rapid stream 
incision and loss of sediment that has been 
noted in many areas of the west in recent years 
in many cases probably reflects erosion of 
meadow sediments deposited behind now 
absent beaver dams, accelerated by removal of 
large woody debris and trampling of stream 
banks by livestock. Stream incision lowers 
groundwater levels and may change perennial 
into intermittent streams, with severe 
consequences for aquatic and terrestrial biota.  
 
Beaver populations can reestablish rapidly, 
given habitat and protection from harvest or 
removal (Figure II.2), and can contribute to 
watershed restoration. A study (Pollock et al. 
2007) of the ability of beaver dams to reverse 
incision in an eastern Oregon stream found 
aggradation rates as high as 0.5 m/yr behind 
new dams and rapid expansion of the riparian 
zone.  
 

  

Sidebar II.1. Did Decimation of Beaver Contribute to the Decline of Coho Salmon? 
 
Concern that beaver dams might block the upstream movement of adult salmon sometimes prompts their removal 
from spawning streams. This concern is probably valid only for annual low flow periods; several studies have 
shown that salmon can easily pass beaver dams at higher flows (Swanston 1991). Beaver ponds eliminate some 
potential salmonid spawning areas because of reduced flow, increased depth, and siltation, but scouring below the 
dams may also create clean gravel depositions suitable for spawning. Aquifer recharge from beaver impoundments 
can help maintain dry season flows in small streams (Pollock et al. 2003). Little research has been done In the 
Columbia River Basin on the use of beaver pond habitat by juvenile salmonids, in part because populations of 
naturally spawning coho salmon, the species that may derive the most benefit from use of beaver-created habitat, 
have been almost eliminated. 
 
Coho were widespread in the Columbia Basin in the early 20th century. These runs were reduced to less than 5% of 
historical levels by the late 1950s (NOAA 1991). As with declines in the abundance of other salmonid species in the 
Basin, the causes were multiple and included over harvest, loss of access to spawning areas, and habitat 
modification. Because beaver ponds and backwater areas are preferred rearing habitat for juvenile coho (Murphy 
et al. 1989, Leidholt-Bruner et al. 1992, Pollock et al. 2004), it is highly likely that loss of beaver pond habitat in the 
Basin during the late 19th and early 20th centuries contributed to the decline of this species and continues to be 
detrimental to recovery efforts.
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Figure II.2. Changes in aquatic and riparian habitats during expansion of beaver populations on the ~300 
km2 Kabetogama Peninsula, Minnesota, over a 46-year period (1940-1986; from Naiman et al. 1988). 

 

Habitat Conversion and Fragmentation: 
Railroads, Agriculture, Timber Harvest, 
and Roads 
 
Improved transportation, passage of Federal 
legislation2 intended to encourage immigration, 

                                                           
2
Four years after resolution of the Oregon Country 

dispute with Britain in 1846, Congress passed the 
Donation Land Claim Act, which led to the 
development of the Willamette Valley. By the time 
the law expired in 1855, more than 7,000 settlers 
had filed on more than 2.8 million acres in Oregon. 
An even greater stimulus to immigration was 
passage of the Homestead Act in 1862, which 
offered settlers free title to 160 acres (65 hectares) 
of undeveloped Federal land.  
 

and discovery of abundant deposits of gold and 
silver spurred population growth and 
development in the Northwest during the 
second half of the 19th century. Only a few 
hundred settlers made the arduous wagon 
journey to the Oregon Country in the 1830s, but 
extension of the Oregon Trail to The Dalles in 
1843 and discovery of gold in California in 1848, 
followed by subsequent gold and silver strikes 
in Idaho, Montana, Oregon, eastern 
Washington, and Canada, opened the door to 
mass immigration (Schwantes 2000, 
HistoryLink, accessed 2011). The population of 
the Northwest surged to 60,000 by 1860 and to 
over 900,000 by 1890 (Figure II.1). Soaring 
demands for food and lumber, along with 
development of the rail system, spurred rapid 
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expansion of agriculture and the timber 
industry.  
 
Railroads 

Railroads brought the industrial revolution to 
the Northwest. An immediate effect was to 
connect croplands (already in use or with 
potential for production) and beef-producing 
rangelands with eastern and California markets 
(Robbins and Wolf 1994). Resulting changes in 
land use for grazing and farming activities are 
discussed below. Another change with enduring 
consequences was the transfer of vast amounts 
of public land to the railroad companies. To 
subsidize railroad construction, the companies 
were given every odd-numbered section (one 
square mile, or 259 hectares) of public land 
within 10 miles of the right-of-way. For a time 
the land owned by the railroads continued to be 
publically available for grazing and other uses, 
but eventually most sections were leased or 
sold. The resulting checkerboard pattern of 
public and private land ownership cross-cuts 
landscapes in many areas; different land-use 
objectives and attitudes toward land 
stewardship have fragmented once extensive 
tracts of habitat and altered suitability for some 
species of wildlife (Figure II.3). The railroads 
were also important in opening up large tracks 
of timber for harvest, often with devastating 
effects on old-growth forests (also see Figure 
II.7 below).  
 
Grazing 

The cattle industry grew rapidly during the Gold 
Rush years, first on the west side of the 
Cascades and then eastward into the valleys of 
Columbia Basin tributaries. As ranching pushed 
further into the Columbia Plateau, drier and 

more fragile lands were grazed. By the time that 
additional stimulus was provided by arrival of 
the railroads in the 1880s, damaging effects of 
grazing on riparian, grassland, and dry 
shrubland-forest habitats were already evident 
in many parts of the Basin. Riparian zones, with 
abundant vegetation and water, are preferred 
by cattle and thus are particularly vulnerable to 
grazing damage. Although riparian zones make 
up only 1-4% of the land area of eastern Oregon 
and Washington national forests, they supply 
over 80% of the vegetation eaten by livestock 
(Hessburg and Agee 2003 and citations therein). 
Removal of native vegetation and trampling of 
stream banks often leads to bank collapse, 
sedimentation, stream shoaling, and increased 
solar warming (Figure II.4). The degradation of 
the riparian zones profoundly influences 
connections between terrestrial and aquatic 
ecosystems and the movements of materials, 
energy, and organisms. 
 
Dry shrublands and grasslands are also easily 
damaged by overgrazing. Following the 
introduction of large numbers of cattle and 
sheep, native grasses were largely replaced by 
grazing-resistant, non-native plants such as 
thistles, cheatgrass, toadflax, knapweeds, and 
spurge (Robbins and Wolf 1994). Ecological 
effects are far-reaching: reduced quantities of 
fine, highly combustible materials no longer 
support the frequent fires that were part of the 
natural disturbance regimes of grasslands and 
prairies, periodically killing the young stages of 
woody plants. Consequently, in many areas 
sagebrush-juniper woodlands and ponderosa 
pine-Douglas fir forests have replaced 
shrublands and grasslands that had not been 
converted to agriculture (Figure II.5). 
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Figure II.3. Avoidance of clear-cut areas by radio-collared lynx, Morrell Creek drainage, Montana (2006). 
The checkerboard pattern is a legacy of land grants to the Northern Pacific Railway in the 1860s 
(courtesy of John Squires, Northern Rockies Lynx Study, Rocky Mountain Research Station, Missoula, 
Montana). 
 

 

 
 
Figure II.4. Riparian vegetatiƻƴ ŀǘ ό!ύ ǳƴƎǊŀȊŜŘ όŦŜƴŎŜŘύ ŀƴŘ ό.ύ ƎǊŀȊŜŘ ǎƛǘŜǎ ƻƴ 5ŜǾƛƭΩǎ wǳƴ /ǊŜŜƪΣ 
eastern Oregon (from Bayley and Li 2008). 
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Figure II.5. Historical (1930s) and current (1990s) habitat-type patterns in two subwatersheds of the 
Columbia Plateau Province. (A) Lower John Day 2701, note replacement of shrubland by woodland and 
(B) Lower Grande Ronde 21, note replacement of herbland-grassland by forest cover (from Hessburg 
and Agee 2003). 
 

 
Government agencies began limited regulation 
of grazing practices during the early decades of 
the 20th century, and protection subsequently 
improved. Shrublands and grasslands have 
recovered some from past abuse, but land-use 
legacies are persistent and sometimes 
irreversible (Foster et al. 2003 and citations 
therein). Exotic rangeland plants are difficult to 
eradicate and reestablishment of historical 
burning regimes may fail to reestablish original 

soil characteristics and plant communities 
(Foster et al. 2003). 
 
Farming 

Early settlers found ideal farming conditions in 
the Willamette Valley and other fertile valleys 
of the Columbia River Basin. Although the 
amount of land put into crop production was 
relatively small through the mid-1800s, the 
areas selected for conversion to farmland were 
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Figure II.6. Changes in habitat types in the Lower Columbia Province from 1850 (left) to 1999 (right). The 
most salient changes are conversions of mesic oak-dry Douglas fir forest and woodlands (light green) and 
of herbaceous wetlands (lavender) and mesic riparian-wetlands (pink) to agricultural (yellow) and urban-
suburban (red) uses (from Northwest Habitat Institute; www.nwhi.org/index/ibis).  

the most productive, biologically diverse, and 
closely linked with stream networks. After 
railroad lines reached the interior Columbia 
Basin in the late 1800s, the acreage of 
cultivated land increased rapidly. By the 1930s, 
most of the native grasslands in the Basin were 
converted to cropland or grazing land (Robbins 
and Wolf 1994, Hann et al. 1997). 
 
Today, agriculture (cropland, pastureland and 
rangeland) is the dominant anthropogenic 
landscape feature in the Northwest (40% of 
total land area, Wuerthner 1994, citing data in 
Jackson and Kimerling 1993), in the United 
States (46%, Vesterby and Krupa 2001), and 
worldwide (38%, The World Bank Open Data 
2011). Conversion to agriculture, which 
generally replaces native habitats and destroys 
or disrupts habitat connections, fundamentally 
alters the geomorphic and ecological processes 
(Foley et al. 2005, Donald and Evans 2006). 
Agriculture has had a disproportionately large 
impact on low-elevation areas with productive 
soils and easy access (Huston 2005, Leu et al. 
2008), and these areas are typically tightly 
linked to aquatic systems (Figure II.6). Some 

birds and mammals make use of cultivated land 
ŀƴŘ ŀŘƧŀŎŜƴǘ άŜŘƎŜέ Ƙabitats but fare less well 
as the intensity of agricultural practices 
increases (Donald et al. 2001). Additionally, the 
ecological functions of non-agricultural lands in 
a landscape matrix can be reduced if 
agricultural lands act as barriers to the transfer 
of energy and materials and the movements of 
organisms (Donald and Evans 2006). The barrier 
effect becomes increasingly evident as smaller 
farms become consolidated into large, spatially 
homogenous, industrial farms (Benton et al. 
2003). For these reasons, conservation and 
restoration of landscape pattern and process 
and of function in landscapes with a major 
agricultural component is challenging (Benton 
2007) but can be improved (e.g. Colvin et al. 
2009).  
 
Changes in the physical and chemical properties 
and microbial communities of cultivated soil can 
persist long after cultivation ceases (Foster et 
al. 2003 and references therein). Similarly, 
changes in plant and animal communities may 
persist for many decades or centuries after 
former habitats types are reestablished on 

Current (1999) Wildlife 
Habitat Types 

Historic (c. 1850) Wildlife 
Habitat Types 

 

http://www.nwhi.org/index/ibis
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Figure II.7. Clearcut timber harvest, likely Washington, circa 1934. University of Washington Special 
Collections (http://content.lib.washington.edu/u?/indocc,541) 

previously cultivated lands (Foster et al. 2003). 
Many factors contribute to this refractory 
response to restoration: soil conditions may no 
longer be favorable for native plant species, 
limited mobility or barriers to movement may 
prevent access by native species, or non-native 
competitors may have become established and 
monopolize key resources. 
 
Logging and forest management 

The development of mining, agriculture, 
railroads, and urban centers in the late 19th 
century created strong local demand for 
lumber, accelerating growth of the timber 
industry. Large-scale lumber production began 
after World War I, when adoption of the 
gasoline engine to power tractors, logging 
trucks and yarding machines, along with 
increased access to eastern U.S. and 
international markets, pushed timber harvests 
upward to levels that were maintained for over 
four decades (Robbins and Wolf 1994, Figure 
II.1). In earlier years, ponderosa pine was the 
preferred species. After selective removal 
reduced the abundance of this species, broader 

market interest developed in species such as 
Douglas fir, larch, cedar and spruce, and clear-
cutting became the preferred method of 
harvest (Robbins and Wolf 1994). The industry 
declined after the mid-1980s, as it became 
uneconomic as a consequence of decreased 
availability of old-growth timber, competition 
with foreign competitors, and new 
environmental protection laws. Clear-cutting 
substantially alters forest habitat (Figure II.7), 
and the time required for reestablishment of 
mature forest depends upon both natural 
factors (soil, slope, exposure, precipitation and 
others) and management practices. Early 
successional stages create favorable conditions 
for some wildlife; for example, forb and shrub 
regrowth in clear-cuts provides forage for elk 
and deer. On the other hand, birds such as the 
spotted owl and marbled murrelet and 
mammals such as fisher, marten, and lynx (see 
Figure II.3) require old-growth forest.  
 
Prior to settlement and the advent of logging 
and fire suppression, old-growth forest was 
abundant in the Basin, and fires ignited by 
lightning or by Native Americans created a 

http://content.lib.washington.edu/u?/indocc,541
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matrix of forest types in various stages of 
succession. Stands of old-growth timber are 
now uncommon and isolated. Creation of a 
mosaic of forest in different seral stages, 
limitations on the maximum size of clearcuts 
and alternative harvest prescriptions, and 
provision for migration corridors between 
patches of mature forest can help maintain 
connectivity, gene flow, and persistence of 
animal populations (Swetnam et al. 1999, Keane 
et al. 2002). 
 
Fire suppression and grazing have decreased 
the frequency of wildfires in the Columbia 
Basin, allowing accumulation of fuel loads. In 
the absence of low-intensity ground fires, clear-
cutting, selective logging, and plantation 
forestry have simplified forests. In concert with 
a changing climate, the result has been larger 
and more severe fires, affecting millions of 
hectares of Federal, state, and private land 
(Figure II.8, Hessburg and Agee 2003). Although 
stand-replacing fires can have both immediate 
and long-term deleterious effects on 
ecosystems, fire also maintains the structure, 
function, diversity and complexity aquatic and 
terrestrial ecosystems (e.g., Reeves et al. 1995, 
Bisson et al. 2003), and aggressive management 
of fire and fuels can be detrimental (Rhodes and 
Baker 2008). The threats and benefits of fire 
and fuels management are debated (Bisson et 
al. 2003, Rieman et al. 2003, 2010), 
underscoring the need to engage and integrate 
all perspectives in deciding on strategies for 
conservation, restoration, and management of 
landscapes (Rieman et al. 2010). 
 
 

Roads 

Roads are a dominant landscape feature in the 
American West (Leu et al. 2008). The largest 
contributor to the road network is tertiary 
roads that were built to access timber and other 
natural resources; road densities on lands 
managed for timber production are often much 
higher than in rural agricultural areas (Figure 
II.9). Valley bottoms along streams are favored 
lƻŎŀǘƛƻƴǎ ŦƻǊ άŀǊǘŜǊƛŀƭέ ǊƻŀŘǎΣ ǿƘƛƭŜ ƻǘƘŜǊǎ ŀǊŜ 
constructed on steeper hill slopes for logging 
access. Roads have caused erosion, altered 
hydrology, and commonly act as barriers to 
movement of terrestrial and aquatic species. 
They can also facilitate the establishment and 
spread of exotic species (Trombuka and Frissell 
2000). Under-road culverts often act as barriers 
to fish during periods of low flow or, in some 
cases, throughout the year (Figure II.10). The 
conservation status of native fishes in the 
interior Columbia Basin is consistently and 
negatively correlated with forest road density 
(e.g., Lee et al. 1997, Rieman et al. 2001). 

Habitat Conversion and Fragmentation: 
River Channel Modification and 
Hydropower 
 
Until partially supplanted by railroads in the late 
1800s, rivers were the primary corridors for 
travel and commerce in the Columbia Basin. To 
facilitate passage of boats and barges, the U.S. 
Army Corps of Engineers modified larger rivers 
by deepening primary channels, removing large 
woody debris, and eliminating side channels, 
sloughs, alcoves and islands (ISAB 2011-1, 
Chapter B.2). Dikes were constructed to convert 
bottomlands to farmland.  
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Figure II.8. Changes in fire severity (upper) and frequency (lower) in the Columbia River Basin, 1800-
2000 (from Hessburg and Agee 2003). 
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Figure II.9. Roads of the Willamette River Basin. Roads shown in light gray are maintained by the 
Oregon Department of Transportation, in dark gray (or brown) by the Bureau of Land Management, 
and in all other colors by the U.S. Forest Service. The densest road networks (other than in urban 
areas) are on Forest Service and Bureau of Land Management lands managed for timber production. 
From Hulse et al. 2002:71 with permission. 
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Figure II.10. Poorly designed culverts block upstream fish passage. Photo: Cecil Rich. 

 
 

 
 

 
Channel modification 

Channel modification began early in the 
Willamette and other larger river valleys, due to 
the importance of the valley centers for 
settlement and agriculture. On the upper 
Willamette River, the network of braided 
channels was progressively simplified until flow 
was largely confined to a single channel. The 
complex of biologically diverse riparian, 
bottomland, and backwater habitats bordering 
the river was reduced by over 80% (Figure II.11; 
Hulse et al. 2002). Similarly, modifications to 
channels and tidelands in the Columbia River 
estuary reduced the area historically occupied 
by wetlands by about one-half (ISAB 2011-1, 
Chapter D.7). River and stream channels 
throughout the Basin were also altered by 
dams, water diversions, and channelization. 
Large wood was removed from stream channels 
to reduce the danger of flooding and because 
(for a period in the mid-20th century) it was 
believed that log jams were obstacles to 
upstream movement of adult salmon (Merrell 
1951). Another change was the construction of 
large upstream water storage dams, which 
reduced the spring freshets that in earlier years 

periodically reshaped and renewed the mosaic 
of floodplain habitats. In aggregate, these 
changes affect thousands of kilometers of rivers 
and streams and have greatly reduced riparian 
and floodplain habitats, as well as connectivity 
between terrestrial and aquatic habitats (ISG 
2000, ISAB 2011-1). Loss or simplification of the 
mosaic of habitats previously available in these 
mainstem areas has altered food webs and 
reduced the availability of feeding and refuge 
areas used by salmonids and other fishes (ISAB 
2011-1). 
 
Dams  

Small dams are located on public and private 
lands throughout the Basin (Figure II.12). 
Almost 1/2 of the identified dams in the 
Columbia River Basin are used to store water 
for irrigation use (Lee et al 1997, Figure II.13). 
Small dams eliminate flowing-water habitat and 
increase sedimentation, but may increase 
aquifer recharge. Low dams are often barriers 
to fish movement, blocking migrations to and 
from spawning or rearing areas and increasing 
the risk of extirpation for isolated 
subpopulations.  
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Figure II.11. Simulated aerial views of the upper Willamette River between Harrisburg and Eugene, Oregon, in 
1851 and 1990 (ŦǊƻƳ ¦Φ{Φ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅΩǎ ²ƛƭƭŀƳŜǘǘŜ ±ŀƭƭŜȅ !ƭǘŜǊƴŀǘƛǾŜ {ŎŜƴŀǊƛƻǎ ǿŜōǎƛǘŜΣ 
based on data from Hulse et al. 2002:82 with permission). 
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Figure II.12. Each dot represents a recorded dam in the Interior Columbia River Basin (east of the 
Cascade crest delineated by the heavy line). From Lee et al. 1997. Based on state inventories of dams 
generally meeting federal regulatory requirements (e.g. > 2m height). 

 

 
 
Figure II.13. Summary of primary uses of dams in the Interior Columbia River Basin. Summarized by 
Lee et al. 1997, see figure 11.12   
 

 
 
 

 
The hydropower potential of the Columbia 
River was recognized early in the 20th century, 
but no major projects were undertaken until 
the Great Depression began and dam 

construction was identified as an instrument of 
economic stimulus. Rock Island Dam was 
completed in 1933, followed by Bonneville Dam 
(1938) and Grand Coulee (1941). These major 
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Figure II.14. Map of major dams that allow or block fish passage and the areas open to or blocked to 
anadromous fish (modified from tƘŜ bƻǊǘƘǿŜǎǘ tƻǿŜǊ ŀƴŘ /ƻƴǎŜǊǾŀǘƛƻƴ /ƻǳƴŎƛƭΩǎ ŦƛǊǎǘ ŦƛǎƘ ŀƴŘ 
wildlife program, November 1982, Page 7-н ŀǎ CƛƎǳǊŜ фΣ ǘƛǘƭŜŘ ά!ƴŀŘǊƻƳƻǳǎ Salmon and Steelhead 
IŀōƛǘŀǘΣ /ƻƭǳƳōƛŀ wƛǾŜǊ .ŀǎƛƴέύΦ 
 

dams and others constructed during the 
following decades provided abundant cheap 
electrical power for the Northwest and 
supported quickening economic activity, human 
population growth and urbanization throughout 
the second half of the 20th century (Figure II.1). 
 
Large hydroelectric dams on the mainstem 
Columbia River and its major tributaries have 
substantially altered riverine and riparian 
habitats, aquatic food webs, and fish migrations 
(NRC 1996, ISG 2000, ISAB 2011-1). 
Impoundments behind the dams provide 
habitat for many non-native organisms, ranging 
from aquatic plants and zooplankton to 
predaceous fishes; some of these organisms 
compete with, feed on, or are fed on by native 

species, while the effects of others are not yet 
known (ISAB 2008-4, ISAB 2011-1). Since the 
1980s, survival of juvenile and adult salmon 
migrating through the series of hydroelectric 
dams on the Snake and Columbia Rivers 
increased as fish-passage facilities at the dams 
have improved (Williams et al. 2001) and as 
hydrosystem operations have been modified 
(e.g., release of stored water from upstream 
storage reservoirs and increased spill) to assist 
fish migrations. Nevertheless, substantial 
mortality is still associated with hydrosystem 
passage, and white sturgeon and Pacific 
lamprey have not benefited from fish-passage 
facilities, which were specifically designed to 
assist passage of salmon. The combination of 
the hydrosystem, loss and fragmentation of 
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Table II.1. Percentages of populations and numbers of residents (millions, in parentheses) 
ŎƭŀǎǎƛŦƛŜŘ ŀǎ άǊǳǊŀƭέ ƛƴ ǘƘŜ ŦƻǳǊ bƻǊǘƘǿŜǎǘŜǊƴ ǎǘŀǘŜǎΣ мфнл-2000.1,2 

 
State 1920 1940 1950 1990 20002 

Idaho 72.4 (0.31) 66.3 (0.35) 57.1 (0.34) 42.6 (0.43) 33.6 (0.43) 
Montana 68.7 (0. 38) 62.2 (0.35) 56.3 (0.33) 47.5 (0.38) 45.9 (0.41) 
Oregon 50.2 (0.39) 51.2 (0.56) 46.1 (0.70) 29.5 (0.84) 21.3 (0.73) 
Washington 45.2 (0.61) 46.9 (0.81) 36.8 (0.88) 23.6 (1.15) 18.0 (1.06) 

 

 

1) Definition of rural by U.S. Census .ǳǊŜŀǳΥ άΦΦΦƴƻǘ ƛƴ ǳǊōŀƴƛȊŜŘ ŀǊŜŀǎ ŀƴŘ ƴƻǘ ƛƴ ŎŜƴǘŜǊǎ ƻŦ ƳƻǊŜ ǘƘŀƴ 
нΣрлл ǇŜǊǎƻƴǎ ƻǳǘǎƛŘŜ ƻŦ ǳǊōŀƴƛȊŜŘ ŀǊŜŀǎέΦ 
2) Source: www.allcountries.org/uscensus/37_urban_and_rural_population_and_by.html,  
except for 2000 data, obtained from www.census.gov/compendia/statab/cats/population.htmlΦ ά¦Ǌōŀƴέ 
ŀƴŘ άwǳǊŀƭέ ŘŜŦƛƴƛǘƛƻƴǎ ǿŜǊŜ ŎƘŀƴƎŜŘ ōŜǘǿŜŜƴ мффл ŀƴd 2000, decreasing the percentage of residents 
classified as rural by 3 to 5 percent. 

spawning and rearing habitat, harvest mortality, 
water pollution, and other factors make 
recovery of depleted salmon stocks a 
challenging objective.  
 
Some dams in the upper portions of the Basin 
do not allow passage of anadromous fish. Chief 
Joseph Dam on the mainstem Columbia River, 
Hells Canyon Dam on the lower Snake River, 
Dworshak Dam on the Clearwater, the Pelton-
Round Butte Dam complex on the Deschutes 
River,3 and most tributary dams in the upper 
Willamette River Basin are impassable barriers 
for migrating adult salmon, steelhead, and 
lamprey. These dams and other impassable 
dams on smaller tributaries have eliminated 
access to about 31-35% of historically available 
spawning and juvenile rearing habitat in the 
Basin (Figure II.14).  

Habitat Conversion and Fragmentation: 
Urbanization and Exurbanization 
 
Economic and population growth slowed in the 
Pacific Northwest during the 1920s and the 
depression decade that followed. This period 
ended suddenly with the Japanese attack on 

                                                           
3
 Round Butte Dam now has a functioning surface 

collection system for juveniles, with transport 
around Pelton Dam downstream. 

Pearl Harbor in December 1941. Within months, 
Portland and Seattle became active centers for 
the production of armaments. Jobs in shipyards 
and airplane factories attracted workers from 
throughout the country, increasing the 
population of the Northwest by 25% between 
1940 and 1947. Most new residents stayed 
after the war, buying homes in the suburbs that 
developed around urban centers. The resulting 
housing boom fueled demand for lumber and 
other manufactured products. A growing 
economy and increased birthrate, along with 
continued immigration, set population growth 
on a new, higher trajectory that continued 
through the second half of the century (Figure 
II.1). Over time, land availability near urban 
centers decreased or was restricted by land-use 
regulations. Subdivision developers pushed 
further into rural areas, where land was 
cheaper, development less regulated and taxes 
lower. In recent years, the population growth 
rates of some smaller metropolitan areas have 
exceeded those of larger metro areas. 
Nevertheless, absolute population growth is 
much greater in the larger metropolitan centers 
(www.census.gov/popest/metro/metro.html; 
ISAB 2007-3). Despite continued growth, 

densely populated urban and suburban areas 
occupy less than 3% of the land area of the 
Northwest, but these areas have 

http://www.allcountries.org/uscensus/37_urban_and_rural_population_and_by.html
http://www.census.gov/compendia/statab/cats/population.html
http://www.census.gov/popest/metro/metro.html
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disproportionate impact through their demand 
for resources, which drives the growth of 
agriculture, forestry, mining, road, and energy 
development, and the fragmentation and 
conversion of land used for producing these 
goods.  
 
The distribution of population changed during 
and after the war. From 1920 to 1940, 
approximately one-half to two-thirds of the 
population of the Northwest lived in rural areas 
(Table II.1); by 1990, only about one-quarter of 
the populations of Oregon and Washington 
lived in rural areas. Decreases in the relative 
proportions of rural to urban residents also 
occurred in Idaho and to a lesser extent in 
Montana, although these states remain more 
rural than Oregon and Washington. In recent 
years many small towns with economies based 
on logging, mining, or agricultural activities 
have struggled to remain viable, and some have 
been abandoned. 
 
Although urban and suburban populations grew 
more rapidly than rural populations through the 
20th century, absolute numbers of people living 
in rural areas continued to increase (Table II.1). 
In recent decades, the fastest-growing use of 
land in the West has been development for low-
density second and retirement homes (Hansen 
et al. 2005, Leu et al. 2008). Some states have 
become concerned about the resulting loss of 
productive agricultural land (e.g., Oregon 
Department of Land Conservation and 
Development4), but many of these small land 
holdings are not located in lower-elevation 
areas favored for agriculture. Instead they tend 
to be in areas that offer attractive scenery and 
recreational opportunities, often near large 
tracts of higher-elevation land that is managed 
for timber production, wilderness, and other 
values that may not be compatible with 
residential development. This trend accelerated 
with the information technology economic 
boom of the 1990s (Huston 2005); internet 
access became widely available and allowed 

                                                           
4
 www.oregon.gov/LCD/farmprotprog.shtml 

many to work at home rather than commute to 
an urban office. Development of previously less-
disturbed rural areas eliminates and fragments 
habitat, encourages colonization by non-native 
species (e.g., weedy plants, domestic cats) and 
human-associated native species, and overall 
results in loss of habitat and connectivity and 
changes to disturbance regimes (e.g., frequency 
and magnitude of fires and floods; Hansen et al. 
2005, Radeloff et al. 2010).  

Consequences of Landscape Change for 
Fish and Wildlife Populations 
 
For fish and wildlife, the consequences of 
human-caused landscape change in the 
Columbia Basin have been profound. Habitat 
loss and fragmentation have translated to 
substantial declines in abundance and 
distribution of native species. One of the most 
comprehensive assessments of the status of 
native fishes across the Basin (Lee et al. 1997) 
estimated that over one-half of the native 
species were listed or considered for listing 
under the Endangered Species Act or were of 
special concern to managers. None of seven 
έƪŜȅέ ƴŀǘƛǾŜ ǎŀƭƳƻƴƛŘǎ ǇŜǊǎƛǎǘŜŘ ŀǎ άǎǘǊƻƴƎέ 
populations in more than 22% of their potential 
range (Thurow et al. 1997) and strong bull trout 
populations were limited to less than 6% of 
their potential range (Rieman et al. 1997, 
Figures II.15, II.16). Steelhead and Chinook 
salmon have been lost entirely from 
approximately 50% and 70%, respectively, of 
their potential ranges (Thurow et al. 1997), and 
McClure et al. (2003) concluded that 84% of the 
remaining populations in the Basin were not 
currently viable.  
 
Most native fishes still persist in the Basin, and 
some remain widely distributed, but local 
populations are often fewer, smaller, and more 
restricted in spatial extent and connectivity 
than in the past (USFWS 2008; Figure II.17). 
High dams and other impassable barriers have 
eliminated anadromous and freshwater 
migratory forms from substantial areas of river 

http://www.oregon.gov/LCD/farmprotprog.shtml
http://www.oregon.gov/LCD/farmprotprog.shtml
http://www.oregon.gov/LCD/farmprotprog.shtml
http://www.oregon.gov/LCD/farmprotprog.shtml
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and stream habitat. Where resident forms still 
persist, the loss of large-bodied migratory forms 
has restricted gene flow and demographic links 
among populations, as well as growth and 
fecundity within them (Rieman and McIntyre 
1993, Fausch et al. 2006). Many remnant 
populations persist, but habitat fragmentation 
has increased the vulnerability of these isolated 
populations (Dunham et al. 2003), and that will 
be aggravated with changing climate (ISAB 
2007-2, Rieman et al. 2007, Figure II.18). 
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Figure II.15. Changes in the distribution of native, non-anadǊƻƳƻǳǎ Ǌŀƛƴōƻǿ ǘǊƻǳǘ όάǊŜŘōŀƴŘέ ǘǊƻǳǘύ ƛƴ 
the interior Columbia River Basin (fǊƻƳ ¢ƘǳǊƻǿ Ŝǘ ŀƭΦ нллтύΦ ά!ƭƭƻǇŀǘǊƛŎ ǊŜŘōŀƴŘέ ŜȄƛǎǘ ƻǳǘǎƛŘŜ ǘƘŜ 
ǊŀƴƎŜ ƻŦ ŀƴŀŘǊƻƳƻǳǎ ŦƻǊƳǎΤ άǎȅƳǇŀǘǊƛŎ ǊŜŘōŀƴŘέ ƛƴŎƭǳŘŜ ōƻǘƘ ǊŜǎƛŘŜƴǘ ŀƴŘ ŀƴŀŘǊƻƳƻǳǎ ŦƻǊƳǎΦ 

 

 


























































































































































































































































