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PROTECTING AND RESTORING AQUATIC HABITAT CONNECTIVITY ALONG FOREST 
HIGHWAYS AND LOW-VOLUME ROADS

James E. Doyle (Phone: 425-744-3422, Email: jdoyle@fs.fed.us), Fish and Watershed Restoration Program 
Manager, USDA-Forest Service, Mt Baker Snoqualmie National Forest, 21905 64 Ave. West, 

Mountlake Terrace, WA 98043

Abstract: Beginning in 1999, the USDA-Forest Service in partnership with other federal agencies and non-
government natural resource organizations, initiated an interdisciplinary, multi-year project to evaluate efforts for 
protecting and restoring riparian area values impacted by roads. After 2-1/2 years of field and literature reviews, the 
project identified and documented 12 of 24 treatments and techniques currently being used across the country to 
either protect or restore aquatic habitat associated with Forest Service highways and low-volume roads. Successful 
treatments or techniques that directly protect or restore aquatic habitat impacted by roads included wildlife and fish 
passage improvement, channel and floodplain structure placements, and re-connecting water bodies.

Introduction
Transportation corridors have had profound effects on riparian area structure and function in the United 
States as well as abroad. Terrestrial and aquatic habitat fragmentation is one of the most significant ecological 
impacts resulting from highway and road construction. These transportation corridors can modify or alter the 
migration, reproduction, feeding and rearing of a number of terrestrial and aquatic animal species. In many 
cases, these ecological impacts translate into significant economic impacts. Effectively protecting and restoring 
habitat connectivity along transportation corridors is one of most needed management actions for landowners 
and natural resource managers throughout the world (Forman et al. 2002). With over 600,000km of system 
roads to manage across the United States, protecting and restoring habitat in riparian areas along these roads 
has become a priority, long-term management need for the USDA-Forest Service (1999). 

Native populations of wildlife are affected by habitat fragmentation caused by roads and avoidance of areas 
within road prisms. Road avoidance behavior is characteristic of large mammals, such as elk, bighorn sheep, 
grizzly bear, caribou, and wolf. Fragmented populations can produce increased demographic fluctuation, 
inbreeding, loss of genetic variability, and local extinctions. Roads fragment habitat by changing

• landscape structure
• dissecting vegetation patches
• increasing the amount of edge
• decreasing interior area
• increasing the uniformity of patch characteristics

Roads also facilitate biological invasion by exotic species, both plant and animal (Gucinski et al 2001). 

Although aquatic habitat effects of roads exist, direct, quantitative cause-effect links have been difficult to 
document. At the landscape scale, evidence suggests that roads are likely to influence the frequency, timing, 
and magnitude of disturbance to aquatic habitat. Increased fine sediment composition in stream gravel, a 
common consequence of forest-road derived sediments entering streams, has been linked to 

• decreased salmon/trout fry emergence
• loss of winter habitat carrying capacity
• increased predation
• reduced benthic community structure
• reduced algal production

Roads can act as barriers to migration, lead to water temperature changes, and alter streamflow regimes. 
Improper culvert placement where roads and streams cross can limit or eliminate fish passage. Roads greatly 
increase the frequency of landslides, debris flow, and other mass soil movement. At the landscape scale, 
increasing road densities are correlated with declines in the status of some non-anadromous salmonid species 
(Gucinski et al. 2001).

Beginning in 1999, the USDA-Forest Service in partnership with other federal agencies and non-government 
natural resource organizations, initiated a multi-year project to evaluate efforts for protecting and restoring 
riparian area values impacted by roads. Through field evaluations in various eco-regions of the United States, 
this interdisciplinary team of hydrologists, soil scientists, civil engineers, fish and wildlife biologists identified 
and documented the most effective of these restoration efforts. In addition, the most effective road best 
management practices (BMP’s) applied to protect riparian area values were documented.  The team also 
conducted literature searches to augment these field reviews. 
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After 2-1/2 years of field and literature reviews, the project identified and documented 24 treatments and 
techniques currently being used across the country to either protect or restore riparian areas associated with 
Forest Service highways and roads. At least half of these have direct or indirect application for addressing the 
impacts of transportation corridors on habitat fragmentation. Habitat fragmentation restoration techniques 
or technologies reviewed included wildlife crossings, fish passage, beaver pond maintenance, wetland 
maintenance, and channel modifications.

Numerous road crossing techniques have been used effectively across all U.S. Forest Service eco-regions for 
all types of wildlife. For example, slotted-drain culverts facilitate amphibian crossings by allowing sunlight and 
air exchange. Bridges that span the entire riparian area at flood-prone widths instead of just the active channel 
width allow larger wildlife species, such as deer and bear, to pass safely under roads. Large, non-circular 
culverts with natural streambed bottoms and dry gravel banks can provide passageways for large and small 
mammals. In most cases, as traffic volume and speed increase, crossing structure complexity and size needs 
for wildlife increase. 

Roads located near wetlands may contain culverts that alter the natural hydrography of these water bodies. 
Wetland maintenance techniques such as stop-log structures maintain water levels of wetlands upstream from 
roads, stimulating the natural hydrology throughout the year. Many types of stop-log structures can be applied. 
Maintaining wetland structure and function that are located within road systems is a major management 
emphasis for protecting habitat connectivity for many riparian-dependant animal species.

Beaver pond levelers are structures widely used to facilitate water movement through beaver dams and 
roads subject to beaver activity. These structures maintain the wetland habitat created by beavers and lower 
the water level of these ponds, reducing the risk of road erosion. These structures lower the pond level by 
extending the water intake through a perforated pipe instead of one large culvert opening.

Road embankments can be protected from channel scour and bank erosion by various channel modification 
structures. Roads constructed adjacent to channels can influence channel meander pattern and geometry. 
This can straighten the channel, reduce channel complexity, and cause loss or alteration of animal passage 
to habitat. In-channel structures can be used to correct these road impacts. These include appropriately 
sized road-channel crossing structures to reconnect cut-off water bodies caused by the road prism, and 
the placement of logjam complexes. Logjam complexes can protect roadways adjacent to river channel by 
emulating natural river processes. These structures are usually placed in series of combinations and can serve 
as excellent means to maintain or restore aquatic habitat connectivity.

Maintaining or restoring fish passage at road–channel crossings in forest and non-forest environments over the 
past couple of years has become a major management emphasis. Most of the old, original roads built by the 
U.S. Forest Service failed to recognize the migration needs of a number of different fish species and various life 
stage requirements for passage. Impeding passage or upstream/downstream movement with an impassible 
road crossing culvert results in either partial or full habitat fragmentation for many fish species. Other passage 
of aquatic organisms such as amphibians can also be affected. Replacing these problem culverts with properly 
designed and correctly installed channel-spanning bridges, bottomless arch, or box culverts are the best ways 
to provide full fish and other aquatic organism passage. 

Besides Forest Service funding, this project was supported by national funds from Department of 
Transportation, Federal Highway Administration; Department of Interior, Bureau of Land Management; and the 
Environmental Protection Agency. Other partners contributing professional services included the Department 
of the Interior, Fish and Wildlife Service; Department of Agriculture, National Resource Conservation Service; 
National Marine Fisheries Service; Army Corp of Engineers; Ducks Unlimited; and Trout Unlimited. Total cost of 
this project over a three-year period was about $150,000.

All this information is being assembled into a roads-riparian restoration toolbox. The contents of this box 
include a take-to-the-field, waterproof field guide that provides guidance for identifying and designing a 
restoration plan for a project site, case-study write-ups of various project types from different eco-regions, and 
training modules for Forest Service field personnel and road management partners. These products will be 
available in hard copy or as a download from the Internet by the end of 2003.

The most successful restoration efforts were found to contain four common elements: interdisciplinary 
involvement throughout all project phases, treatment of the causes and not the symptoms, employment of an 
effective method or procedure to evaluate results, and the use of partnerships in the various project phases. 
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Most of these successful projects were not documented or published in the restoration literature. This project’s 
primary purpose is to address this void in the field of restoration science by documenting successful road-
riparian restoration project case studies. Transportation corridors have had profound effects on riparian area 
structure and function in the United States as well as abroad. Aquatic habitat fragmentation is one of the most 
significant ecological impacts resulting from highway and road construction. These transportation corridors can 
modify or alter the migration, reproduction, feeding and rearing of a number of aquatic species. Protecting and 
restoring aquatic habitat in riparian areas along these roads has become a priority, long-term management 
need for the USDA-Forest Service. 

Future application of this project has begun with the Federal Highway Administration (FHWA) for application 
involving major federal and state highways. FHWA in partnership with the state departments of transportation 
has expressed a strong interest in developing a similar riparian restoration toolbox for high-volume highways 
across the country.

Biographical Sketch: James E. Doyle is the fish and watershed restoration program manager for the USDA-Forest Service at Mt. Baker 
Snoqualmie National Forest.  Before accepting this position Doyle held a position in Alaska.  Doyle has a BS in wildlife biology from Utah 
State University and did his aquatic graduate study at American University and the University of Washington.  
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