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• Focus on natural resource impacts associated 
with roads in a forested landscape

• Overview of the 3 phases of road existence
• The different types of possible natural resource 

impacts associated with each phase of road 
existence.

• The types of species that can be impacted by 
road existence.

• Questions

Outline
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- A road is a linear corridor for the conveyance of traffic.

Roads
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What are the 3 phases of road existence? What environmental 
factors are impacted by roads during each phase? 

1) Construction
2) Presence
3) Use

This phasing of road impacts is 
outlined in the literature review 
conducted by Robison et al. (2010) 
titled “A conceptual framework for 
understanding, assessing, and 
mitigating ecological effects of forest 
roads”

Road Construction
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Road
Construction

 NYS does not build new roads 
on Forest Preserve lands 
classified as Wild Forest.
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Road 
Construction
• Direct loss of physical 

habitat, vegetation 
removal (new road 
construction & some road 
maintenance projects)

• Habitat fragmentation & 
connectivity

• Direct wildlife mortality
• Increased risk of 

sedimentation to aquatic 
resources

• Increased risk of pollution 
(contaminants, dust, 
petro-chemicals)

• Alteration of hydrology 
and adjacent ecological 
habitats

• Introduction of invasive 
species

• Noise 
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Road Construction
Habitat Fragmentation + Habitat connectivity

roads bisecting large tracts of 
forested habitat

• Direct loss of habitat 
appears small from a 
landscape scale, taking 
up only 1% of the U.S. 
land, the ecological 
impact is much greater 
affecting 15-20% of the 
landscape (Forman and 
Alexander 1998).
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Road 
Construction
Habitat Connectivity 
(terrestrial)

State forest preserve road 
bisecting a large tract of 
forested habitat, still a 
visible break in habitat but 
at a much smaller scale.  
Note that some portions of 
this road are obscured by 
overhead tree canopy.
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Road Construction
Habitat Connectivity & fragmentation
(aquatic & semi-aquatic)

“road crossings can reduce the degree of connectivity in river systems, affecting habitat availability for fish and species 
dispersal.  Moreover, at a population level, reduced fluvial connectivity causes partial or complete isolation of populations, 
a reduction in gene flow, and an increased risk of extirpation (Goerig et al. 2015; Letcher et al. 2007;Whiteley et al. 
2013;Woffard et al. 2005)”

perched culvert crossing
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Road Construction
Increased risk of sedimentation to aquatic resources
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Road Construction
Alteration of wetland hydrology & adjacent habitats

Wetter wetland hydrology upgradient of the roadway

“Hydrologic effects are likely to persist for as long as the road remains 
a physical feature altering flow routing- often long after abandonment 
and revegetation of the road surface.  By altering surface and 
subsurface flow, roads can destroy and create wetlands. (Trombulak
and Frissell 2000).”
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Road Construction

Wetter wetland hydrology upgradient of the roadway

Introduction of invasive species Noise

3M.com
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Road Presence
• Increased edge effects
• Reduced habitat connectivity
• Increased habitat 

fragmentation
• Effects of road density
• Potential species introductions
• Exploitation of natural 

resources 
• Ongoing erosion and 

sedimentation to aquatic 
resources

• Alteration of hydrology and 
adjacent ecological habitats
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Types of species most affected by roads:

• Specialists requiring interior forest conditions, especially large-bodied animals 
with long lifespans and few offspring (marten) 

• Species with lower population densities (moose)
• Species with large area requirements and/or needing different habitat types to 

access multiple resources  (Northern leopard frog, carnivores, raptors, 
amphibians, turtles and waterfowl)

• Species with a behavioral attraction to roads for thermoregulation, forage or 
improved mobility (snakes, raptors, deer)

• Exhibiting behavioral avoidance or sensitivity (woodland birds, marten)

Road Presence
Species most affected



February 7, 2023 15



February 7, 2023 16

Graphic by Rhiannon Crain at TNC

Edge effects 
are changes in 
population or 
community 
structures that occur 
at the boundary of 
two or more habitats

Road Presence
Edge effects
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Source: Staying Connected 
Initiative

Habitat fragmentation 
is a process by which 
large and contiguous 
habitats get divided into 
smaller isolated 
patches of habitat

Road Presence
Habitat Fragmentation
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Road Presence
Habitat Fragmentation

Metapopulations and Source/Sink Dynamics

Modified from Meffe and Carroll (1994), Principles of Conservation Biology, 
p 188.
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The most common indicator used to measure landscape-level road influence 
appears to be road density. (Average total road length per unit area of landscape 
in km/km2).  Road density can be used to infer ecological response to 
fragmentation, including individual species persistence, overall biodiversity and 
hydrologic function of a landscape.

Road Presence
Road Density
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Roads provide dispersal of exotic species via 3 mechanisms:
• Providing habitat by altering conditions
• Making invasion more likely by stressing or removing native species
• Allowing easier movement by wild or human vectors

Road Presence
Invasives
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Road Use
• Wildlife mortality
• Habitat fragmentation 

exacerbated
• Noise
• Pollution
• Potential species introductions
• Exploitation of natural 

resources 
• Increased human disturbance 

on road and surrounding lands 
and waters
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Road Use
Sedimentation
and trash
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Road Use
Wildlife Mortality
Highly influenced by traffic 
volume, road width & 
speed.  

In general, narrower roads and 
roads with lower traffic speed 
have fewer impacts than wider 
roads or roads with higher traffic 
speed (Forman et al. 2003, 
Jaeger et al. 2005).”



February 7, 2023 24

Road Use
Traffic

Local populations of reptiles and amphibians can have 
substantial impacts from roads even with low daily traffic 
volumes. 
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Road Use
Species Introductions

“Introduced non-native aquatic species could cause shifts 
in distribution, abundance, and size of native species 
(Angermeier et al. 2004).”  
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Road Use
Exploitation of Natural Resources

“More access promotes greater incidence of inadvertent 
and intentional wildlife harassment by people and their 
machines. (Robinson et al. 2010)”  
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Roads can have a wide range of ecological impacts on both terrestrial and 
aquatic ecosystems. Interior forest habitats are increasingly rare across the 
nation and the impacts to these forested habitat can occur throughout all 3 
phases of road existence on the landscape.

In Summary
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This is an evolving science…
Conclusion

“preserving interior forest species and environments sensitive to human presence and 
development requires that road planners and builders understand the impacts of their work.”
“Roads penetrating remote and otherwise intact forested landscapes have been correlated with 
subtle and extensive changes in species population density and diversity. (Robinson et al. 2010)”
“Forests fragmented by roads will likely demonstrate less resistance and resilience to stressors, 
like those associated with climate change (Noss 2001).”



February 7, 2023 29

References
Angermeier, P.L., Wheeler, A.P., and Roseberger, A.E. 2004. A conceptual framework for assessing the impacts of roads 
on aquatic biota. Fisheries, 29(12): 19-29. doi: 10.1577/1548-8446(2004) 29{19:ACFFAI} 2.0. CO;2.
Beazley, K., Snaith, T., MacKinnon, F., and Colville, D. 2004. Road density and the potential impacts on wildlife species 
such as American moose in mainland Nova Scotia. Proceedings of the Nova Scotia Institute of Science, 42: 339–357.
Brody, A.J., and Pelton, M.R. 1989. Effects of roads on black bear movements in western North Carolina. Wildl. Soc. Bull. 
17: 5–10.
Forman, R.T.T., and Alexander, L. 1998. Roads and their major ecological effects. Annu. Rev. Ecol. Syst. 29(1): 207–231. 
doi:10.1146/annurev.ecolsys.29.1.207.
Forman RTT, Friedman DS, Fitzhenry D, Martin JD, Chen AS, Alexander LE (1997) Ecological effects of roads: toward 
three summary indices and an overview of North America. In: Canter K (ed) Habitat fragmentation and infrastructure. 
Minister of Transport and Public Works and Water Management, Delft, Netherlands, p 40-54
Forman, R.T.T., and Hersperger, A.M. 1996. Road ecology and road density in different landscapes, with international 
planning and mitigation solutions. In Trends in Addressing Transportation Related Wildlife Mortality. Edited by G.L. Evink, 
P. Garrett, D. Zeigler, and J. Berry. No. FLER-58-96, Florida Department of Transportation, Tallahassee, FL. pp. 1–22.
Forman, R. T. T., D. Sperling, J.A. Bissonette, A. P. Clevenger, C. D. Cutshall, V.H. Dale, L. Fahrig, R. France, C.R. 
Goldman, K. Heanue, J.A. Jones, F.J. Swanson, T. Turrentine, T.C. Winter. 2003 Road ecology: Science and solutions. 
Washington, DC: Island Press.
Forman, R. T. T. 2006. Good and bad places for roads: Effects of varying road and natural pattern on habitat loss,
degradation, and fragmentation, pp. 164-182. Proceedings of the 2005 International Conference on Ecology &
Transportation: On the Road to Stewardship, San Diego, CA.
Gibbs, J. P. 1998. Distribution of woodland amphibians along a forest fragmentation gradient. Landscape Ecology. 
13:263-268.
Goerig, E., Castro-Santos, T., Bergeron, N. E., 2016. Brook trout passage performance through culverts. Can. J. Fish. 
Aquat. Sci. 73: 94–104 (2016) dx.doi.org/10.1139/cjfas-2015-0089.
Jaeger, J.A.G., J. Bowman, J. Brennan, L, Fahrig, D. Bert, J. Bouchard, N. Charbonneau, K. Frank, B. Gruber, K.T. Von 
Toschanowitz. 2005. Predicting when animal populations are at risk from roads: An interactive model of road avoidance 
behavior. Ecological modeling. 185: 329-348.
Jalkotzy, M.G., Ross, P.I., and Nasserden, M.D. 1997. The effects of linear developments on wildlife: a review of selected 
scientific literature. Prepared for Canadian Association of Petroleum Producers. Arc Wildlife Services, Ltd., Calgary, AB. 
115 p.
Karraker, Nancy E., James P. Gibbs, and James R. Vonesh. "Impacts of road deicing salt on the demography of vernal 
pool‐breeding amphibians." Ecological Applications 18.3 (2008): 724-734.



February 7, 2023 30

Letcher, B.H., Nislow, K.H., Coombs, J.A., O’Donnell, M.J., and Dubreuil, T.L. 2007. Population response to habitat fragmentation in 
a stream-dwelling brook trout population. PLoS ONE, 2(11): e1139. doi:10.1371/journal.pone. 0001139. PMID:18188404.
Meffe, G., and C. Caroll. 1997. Principles of Conservation Biology, 2nd Edition. Sinauer Associates, Sunderland, MA.
Merriam, G., M. Kozakiewicz, E. Tsuchiya, and K. Hawley. 1989. Barriers as boundaries for metapopulations and demes of 
Peromyscus leucopus in farm landscapes. Landscape Ecology. 2(4):227-235.
Noss, R.F. 2001.Beyond Kyoto: forest management in a time of rapid climate change. Conserv. Biol. 15(3): 578-590. 
doi:10.1046/j.1523-1739.2001.015003578.x.
Robinson, C., Duinker, P.N., K. F. Beazley. 2010. A conceptual framework for understanding, assessing, and mitigating ecological 
effects of forest roads.  Published on the NRC Research Press website at er.nrc.ca
Snaith, T., and Beazley, K. 2004. The distribution, status and habitat associations of moose in mainland Nova Scotia. Proceedings of 
the Nova Scotia Institute of Science, 42: 263–317.
Trombulak, S.C. and C.A. Frissell. 2000. Review of ecological effects of roads on terrestrial and aquatic communities. Conservation 
Biology. 14 (1):18-30.
Vos, C. C. 1997. Effects of road density: A case study of the moor frog In Habitat Fragmentation & Infrastructure, pp. 93-97 edited by 
K. Canters. Delft, Netherlands: Ministry of Transport, Public Works and Water Management.
Whiteley, A.R., Coombs, J.A., Hudy, M., Robinson, Z., Colton, A.R., Nislow, K.H., and Letcher, B.H. 2013. Fragmentation and patch 
size shape genetic structure of brook trout populations. Can. J. Fish. Aquat. Sci. 70(5): 678–688. doi:10.1139/cjfas-2012-0493.
Wofford, J.E.B., Gresswell, R.E., and Banks, M.A. 2005. Influence of barriers to movement on within-watershed genetic variation of 
coastal cutthroat trout. Ecol. Appl. 15(2): 628–637. doi:10.1890/04-0095.

References (continued)



February 7, 2023 31

Questions?

hiclipart.com
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