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What is the Forest Service Science Synthesis  
 
 
The Science Synthesis is a review of the current science literature addressing a 
broad scope of issues and questions pursuant to formal planning in the area of 
the Northwest Forest Plan. In fact, all national forests under the jurisdiction of 
the Forest Service are receiving new forest plans.  
 
The planning process unfolds under the 2012 Planning Rule.  The 2012 
Planning Rule states in section § 219.3 Role of science in planning: 
 

“The responsible official shall use the best available scientific information  
to inform the planning process required by this subpart. In doing so, the 
responsible official shall determine what information is the most accurate, 
reliable, and relevant to the issues being considered. The responsible official 
shall document how the best available scientific information was used to inform 
the assessment, the plan decision, and the monitoring program as required in 
§§ 219.6(a)(3) and 219.14(a)(4). Such documentation must: Identify what 
information was determined to be the best available scientific information, 
explain the basis for that determination, and explain how the information was 
applied to the issues considered.” 
 
The first formal stage in planning involves conducting assessments of landscape 
at what is termed the ‘unit scale’ which means a national forest area. The 
Planning Rule states: “Assessments rapidly evaluate existing information about 
relevant ecological, economic, and social conditions, trends, and sustainability 
and their relationship to the land management plan within the context of the 
broader landscape. The responsible official shall consider and evaluate existing 
and possible future conditions and trends of the plan area, and assess the 
sustainability of social, economic, and ecological systems within the plan area, 
in the context of the broader landscape (§ 219.6).” 
 
“In the assessment for plan development or revision, the responsible official 
shall identify and evaluate existing information relevant to the plan area for the 
following: 
 
(1) Terrestrial ecosystems, aquatic ecosystems, and watersheds;  
(2) Air, soil, and water resources and quality;  
(3) System drivers, including dominant ecological processes, disturbance 
regimes, and stressors, such as natural succession, wildland fire, invasive 
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species, and climate change; and the ability of terrestrial and aquatic 
ecosystems on the plan area to adapt to change;  
(4) Baseline assessment of carbon stocks;  
(5) Threatened, endangered, proposed and candidate species, and potential 
species of conservation concern present in the plan area;  
(6) Social, cultural, and economic conditions;  
(7) Benefits people obtain from the NFS planning area (ecosystem services);  
(8) Multiple uses and their contributions to local, regional, and national 
economies;  
(9) Recreation settings, opportunities and access, and scenic character;  
(10) Renewable and nonrenewable energy and mineral resources;  
(11) Infrastructure, such as recreational facilities and transportation and utility 
corridors;  
(12) Areas of tribal importance;  
(13) Cultural and historic resources and uses;  
(14) Land status and ownership, use, and access patterns; and  
(15) Existing designated areas located in the plan area including wilderness and 
wild and scenic rivers and potential need and opportunity for additional 
designated areas. 
 
The combination of section 219.3 - the use of best available scientific 
information (BASI) - and the broad scope of topics addressed in an Assessment 
requires the agency to document “what information was determined to be the 
best available scientific information, explain the basis for that determination, and 
explain how the information was applied to the issues considered.” Thus, prior to 
the formal Assessment process the Forest Service is conducting a science 
review and synthesis to inform future planning.  
 
As part of the Science Synthesis the Forest Service invited the public to submit 
scientific literature or citations believed important to a science review. Pacific 
Rivers and the Coast Range Association in turn sought input from leading 
aquatic scientists to develop a bibliography of citations and a list of relevant 
science question related to the Northwest Forest Plan Aquatic Conservation 
Strategy (ACS). 
 
What follows are the submitted bibliography and the list of question for the 
portion of the Science Synthesis addressing aquatic ecosystems. 
 

This document is available at  www.coastrange.org 
 
 

http://www.coastrange.org/�
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AQUATIC CONSERVATION BIBLIOGRAPHY:  
A submission to the USDA Forest Service Science Synthesis. 
 
Developed by Pacific Rivers and the Coast Range Association. 
 
 
Contents: 
 

1. General Aquatic Conservation Science………………………. Pages 2-17 
 

2. Riparian Reserves, and Importance of Headwater Streams….. Pages 18-24 
 

3. Hydrology and Cumulative Watershed Effects (CWEs)……... Pages 25-38  
 

4. Fish, Amphibians and Climate Change………………………. Pages 39-45 
 4.a  Amphibians………………………………………….... Pages 46-48 
 4.b  Pacific Lamprey………………………………………. Pages 49-50 
 4.c  Pacific Salmon and Steelhead………………………... Page 51 
 4.d  Bulltrout………………………………………………. Pages 52-53 
 

5. Roads, Logging and Cumulative Impacts………………….… Pages 54-65 
 

6. Reserves, Scale, Ecosystem Planning/BMPs (vs. Standards),  
    and Post-Fire Management………………………………….... Pages 66-67 
 

7. Nutrient Flows/Dynamics/Eutrophication…………………..... Pages 68-69 
 
7. Key Aquatic Questions for the Science Synthesis…………..... Pages 73-77 
 
 
 
 
 
 
Note: references/citations in red text indicate non-peer-reviewed but 
significant material.  
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1.  GENERAL AQUATIC CONSERVATION SCIENCE   
     (NWFP/ACS-RELATED) 
 
 
Al-Chokhachy, R., B. B. Roper, and E. K. Archer. 2010. Evaluating the status and trends of physical 
stream habitat in headwater streams within the interior Columbia River and upper Missouri River 
Basins using an index approach. Transactions of the American Fisheries Society 139:1041-1059. 
 
Anderson, P. D., D.J. Larson, and S.S. Chan. 2007. Riparian buffer and density management  
influences on microclimate of young headwater forests of western Oregon. Forest Science 53:254-269.   
 
Anlauf, K.J., W. Gaeuman, and K. K. Jones. 2011. Detection of regional trends in salmonid habitat in 
coastal streams, Oregon. Transactions of the American Fisheries Society 140:52-66. 
 
Battin, J., M.W. Wiley, M.H. Ruckelshaus, R.N. Palmer, E. Korb, K.K. Bartz, and H. Imaki. 2007. 
Projected impacts of climate change on salmon habitat restoration. Proceedings of the National 
Academy of Sciences of the United States of America 104:6720–6725. 
 
Baxter, C.V. and F.R. Hauer. 2000. Geomorphology, hyporheic exchange, and selection of spawning 
habitat by bull trout (Salvelinus confluentus). Canadian Journal of Fisheries and Aquatic Sciences 
57:1470-1481.  
 
Bêche, L. A., Stephens, S. L., & Resh, V. H. 2005. Effects of prescribed fire on a Sierra Nevada  
(California, USA) stream and its riparian zone.  Forest Ecology and Management 218(1):37-59.  
 
Beechie, T.J. and T.H. Sibley. 1997. Relationships between channel characteristics, woody  
debris, and fish habitat in northwestern Washington streams. Trans. Amer. Fish. Soc.  26:217-229.  
 
Beechie, T.J., G. Pess, P. Kennard, R.E. Bilby, and S. Bolton. 2000. Modeling recovery rates and  
pathways for woody debris recruitment in northwestern Washington streams. North  
American Journal of Fisheries Management 20:436-452.  
 
Beechie, T.J. 2001. Empirical predictors of annual bed load travel distance, and implications for  
salmonid habitat restoration and protection. Earth Surface Processes and Landforms  
26:1025-1034.  
 
Beechie, T.J., C.N. Veldhuisen, D.E. Schuett-Hames, P. DeVries, R.H. Conrad, and E.M.  Beamer. 
2005. Monitoring treatments to reduce sediment and hydrologic effects from roads. P. 35-65 in P. Roni 
(ed.). Methods for monitoring stream and watershed restoration. CABI Publishing, Seattle, WA.  
 
Beechie, T., G. Pess, P. Roni, and G. Giannico.  2008.  Setting river restoration priorities: a review of 
approaches and a general protocol for identifying and prioritizing actions.  N. Am. J. Fish. Mgmt 
28:891-905. 
 
Beechie, T.J., D.A. Sear, J.D. Olden, G.R. Press, J.M. Buffington, H. Moir, P. Roni, and M.M. Pollock.  
2010.  Process-based principles for restoring river ecosystems.  BioScience 60(3)209-222. 
 
Belt, G.H., J.O’Laughlin, and T. Merrill. 1992. Design of forest riparian buffer strips for the protection 
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of water quality; analysis of scientific literature. Idaho Forest, Wildlife, and Range Policy Group 
Report No.8, University of Idaho, Moscow.  
 
Benda, L, and T. Dunne. 1997. Stochastic forcing of sediment routing and storage in channel networks. 
Water Resources Research 33:2849-2863.  
 
Benda, L., D. Miller, P. Bigelow, and K. Andras. 2003. Effects of post-wildfire erosion on channel 
environments, Boise River, Idaho. Forest Ecology and Management 178(1):105- 119.  
 
Benda, L., D. Miller, D., K. Andras, P. Bigelow, G. Reeves, and D. Michael. 2007. NetMap: a  
new tool in support of watershed science and resource management. Forest Science, 53(2):206-219.  
 
Beschta, ,R.L., J.J. Rhodes, J.B. Kauffman, R.E. Gresswell, G.W. Minshall, J.R. Karr, D.A. Perry, F.R. 
Hauer, and C.A. Frissell. 2004. Postfire management on forested public lands of the western United 
States. Conservation Biology 18:957-967.  
 
Beschta, R.L., D.L. Donahue, D.A. DellaSala, J.J. Rhodes, J.R. Karr, M.H. O’Brien, T.L. Fleischer, 
and C. Deacon-Williams. 2013. Adapting to climate change on western public lands: Addressing the 
ecological effects of domestic, wild, and feral ungulates. Environmental Management 51:474–491. 
 
Beschta, R.L., D.L. Donahue, D.A. DellaSala, J.J. Rhodes, J.R. Karr, M.H. O’Brien, T.L. Fleischer, 
and C. Deacon-Williams. 2014. Reducing livestock effects on public lands in the western United States 
as climate changes: A reply to Svejcar et al. Environmental Management, 2014 Jun;53(6):1039-42. 
 
Beschta, R.L. and W.J. Ripple. 2012 The role of large predators in maintaining riparian plant 
communities and river morphology. Geomorphology 157-158: 88-98. 
 
Bilby, R.E., and J.W. Ward. 1989. Changes in characteristics and function of woody debris with  
increasing size of streams in western Washington. Transactions of the American Fisheries Society 
118:368-378.  
 
Bilby, R.E. and P.A. Bisson. 1998. Function and distribution of large woody debris. P. 324-326  
in Naiman, R.J. and R. Bilby (eds.). River ecology and management: Lessons from the Pacific coastal 
ecoregion. Springer-Verlag, New York.  
 
Bisson, P.A., R.E. Bilby, M.D.Bryant, C.A. Dolloff, G.B. Grette, R.A. House, M.L. Murphy,  
K.V. Koski, and J.R. Sedell. 1987. Large woody debris in forested streams in the Pacific Northwest: 
past, present, and future. P. 143-190 in: E.O. Salo and T.W. Cundy (eds.). Streamside management: 
forestry and fishery interactions. University of Washington, Institute of Forest Resources, Seattle. 
Contribution 57.  
 
Bisson, P.A., G.H. Reeves, R.E. Bilby and R.J. Naiman. 1997. Watershed management and  
Pacific salmon: desired future conditions. P. 447-474 in D.J. Stouder, P.A. Bisson, and R.J. Naiman 
(eds.). Pacific salmon and their ecosystems: Status and future options. Chapman and Hall, New York. 
 
Blair, M.S. 1994. Oregon coastal lake study: Phosphorus loading and water quality implications.  
M.S. Thesis, Oregon State University, Corvallis, OR. 114 p.  
 
Boyd, M.S. 1996. Heat Source: stream temperature prediction. Master’s thesis. Departments of  
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Civil and Bioresource Engineering, Oregon State University, Corvallis, Oregon.  
 
Brazier, J.R. and G.L. Brown. 1973. Buffer strips for stream temperature control. Oregon State  
University: Forest Research Lab Research Paper 15.  
 
Blumm, M.C., and T. Wigington. 2013. The Oregon and California Railroad Grant Lands’ sordid 
past, contentious present, and uncertain future: a century of conflict. 40 Boston College Envviron- 
mental Affairs Law Review 40:1 (2013). http://lawdigitalcommons.bc.edu/ealr/vol40/iss1/2/ 
 
Brosofske, K., J. Chen, T. Crow, and S. Saunders, 1999.  Vegetation responses to landscape structure at 
multiple scales across a Northern Wisconsin, USA, Pine Barrens landscape. Plant Ecology 143:203-
218.  
 
Brummer, C.J., T.B. Abbe, J.R. Sampson, and D.R. Montgomery, 2006. Influence of vertical channel 
change associated with wood accumulations on delineating channel migration  
zones, Washington, USA. Geomorphology 803:295-309.  
 
Bryce, S.A., G.A. Lomnicky, and P.R. Kaufmann. 2010. Protecting sediment-sensitive aquatic  
species in mountain streams through the application of biologically based streambed sediment criteria. 
Journal of the North American Benthological Society 29:657-672.  
 
Buhl, K.J. and S.J. Hamilton. 1998. Acute toxicity of fire-retardant and foam-suppressant chemicals 
to early life stages of Chinook salmon (Oncorhynchus tshawytscha). Environmental Toxicology and 
Chemistry 17(8):1589-1599. 
 
Burnett, K. M., G. H. Reeves, S.E. Clarke, & K.R. Christiansen. 2006. Comparing riparian and  
catchment influences on stream habitat in a forested, montane landscape. American Fisheries Society 
Symposium 48:175-197.  
 
Burnett, K. M., G.H. Reeves, D.J. Miller, S. Clarke, K. Vance-Borland, and K. Christiansen. 2007. 
Distribution of salmon-habitat potential relative to landscape characteristics and implications for 
conservation. Ecological Applications 17(1), 66-80. 
 
Burroughs, E.R. and J.G. King. 1989. Surface erosion control on roads in granitic soils. P. 183-  
190 in Proceedings: ASCE Committee on Watershed Management, Denver, CO.  
 
Carpenter, S.R., N.F. Caraco, D.L. Correll, R.W. Howarth, A.N. Sharpley, and V.H. Smith. 1998. 
Nonpoint pollution of surface waters with phosphorus and nitrogen. Ecological Applications 8:559–
568.  
 
Cederholm, C. J., L. M. Reid, and E. O. Salo. 1981. Cumulative effects of logging road sediment  
on salmonids populations in the Clearwater River, Jefferson County, Washington. In: Proceedings to 
the conference on salmon spawning gravel: a renewable resource in the Pacific Northwest.  Water 
Research Center Report 39. Washington State University. Pullman, WA.  
 
Chan S.S., D.J. Larson, K. G. Maas-Herner, W.H. Emmingham, S. R. Johnston, and D. A.  
Mikowski. 2006. Overstory and understory development in thinned and underplanted  
Oregon Coast Range Douglas-fir stands. Canadian Journal of Forest Research 36:2696-  
2711.  

http://lawdigitalcommons.bc.edu/ealr/vol40/iss1/2/�
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Chen, J., J.F. Franklin, and T.A. Spies. 1992. Vegetation responses to edge environments in old-  
growth Douglas-fir forests. Ecological Applications 2:387-396.  
 
Chen, J., J.F. Franklin, and T.A. Spies. 1995. Growing-season microclimatic gradients from  
clearcut edges into old-growth Douglas-fir forests. Ecological Applications 5:74-86.  
 
Corbett, E.S. and J.A. Lynch. 1985. Management of Streamside Zones on Municipal Watersheds.  
P. 187-190 in R.R. Johnson, C.D. Ziebell, D.R. Patton, P.F. Folliott, and R.H. Hamre  
(eds.), Riparian ecosystems and their management: Reconciling conflicting uses. First  
North American Riparian Conference, April 16-18, 1985, Tucson, Arizona.  
 
Coutant, C.C., 1999. Perspectives on temperature in the Pacific Northwest’s fresh waters. 
Environmental Sciences Division Publication No. 4849 ORNL⁄ TM-1999 ⁄ 44, Oak Ridge National 
Laboratory, Lockheed Martin Energy Research Corp. US Dept. of Energy, Oak Ridge, Tennessee.  
 
Cover, M.R., C.L. May, W.E. Dietrich, and V.H. Resh. 2008. Quantitative linkages among sediment 
supply, streambed fine sediment, and benthic macroinvertebrates in northern California streams. 
Journal of the North American Benthological Society 27(1):35-149.  
 
Daggett, S.G., A.H. Vogel, and R.R. Petersen. 1996. Eutrophication of Mercer, Munsel, and Woahink 
Lakes, Oregon. Northwest Science 70 (Special Issue 2):28-38. 
 
Dale, V.H., L.A. Joyce, and others. 2001. Climate change and forest disturbances: Climate  
change can affect forests by altering the frequency, intensity, duration, and timing of fire,  
drought, introduced species, insect and pathogen outbreaks, hurricanes, windstorms, ice  
storms, or landslides. BioScience 51(9):723-734.  
 
Dalton, M.M., P.W. Mote, and A.K. Snover. 2013. Climate Change in the Northwest Implications for 
Our Landscapes, Waters, and Communities. Island Press, Washington DC. 271 pp. 
 
DellaSala, D. A., R.G. Anthony, M.L. Bond, Monica, E.S. Fernandez, C.A. Frissell, Chris, C.T. 
Hanson, and R. Spivak. 2014. Alternative Views of a Restoration Framework for Federal Forests in the 
Pacific Northwest. Journal of Forestry 111(6):420-429. 
 
DellaSala, D.A. and J. Williams. 2006. Northwest Forest Plan ten years later – how far have we come 
and where are we going?  Conservation Biology 20:274-276. 
 
DellaSala, D.A., J.R. Karr, and D.M. Olson. 2011. Roadless areas and clean water. Journal of Soil and 
Water Conservation 66:78A-84A. 
 
DellaSala, D.A., R. Baker, D. Heiken, C.A. Frissell, J.R. Karr, S.K. Nelson, B.R. Noon, D. Olson, and 
J. Strittholt.  2015.  Building on two decades of ecosystem management and biodiversity conservation 
under the Northwest Forest Plan, USA.  Forests 2015 6(9), 3326-3352.  
 
DellaSala, D.A., P. Brandt, M. Koopman, J. Leonard, C. Meisch, P. Herzog, P. Alaback, M.I.  
Goldstein, S. Jovan, A. MacKinnon, and H. vonWehrden. 2015. Climate change may  
trigger broad shifts in North America’s Pacific Coastal Rainforests. Reference Module in  
Earth Systems and Environmental Sciences - http://dx.doi.org/10.1016/B978-0-12-  
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409548-9.09367-2  
 
DeRalph, C.R., S.A.C. Nelson, T.J. Kwok, and E.F. Hain.  2015.  Predicting fine-scale distributions of 
peripheral aquatic species in headwater streams.  Ecol. Evol.  2015, Jan. 5(1): 152-163. 
 
DeWalle, D.R.  2010. Modeling stream shade: Riparian buffer height and density as important as  
buffer width. Journal of the American Water Resources Association 46:2 323-333.  
 
Dodson, E.K., A. Ares, and K.J. Puettmann. 2012. Early responses to thinning treatments  designed to 
accelerate late successional forest structure in young coniferous stands of western Oregon. USA. 
Canadian Journal of Forest research 42: 345-355. 
 
Donato, D.C., J.B. Fontaine, J.L. Campbell, W.D. Robinson, J.B. Kauffman, and B.E. Law.  
2006. Post-wildfire logging hinders regeneration and increases fire risk. Science 311:352.  
 
Dwire, K. A., & Kauffman, J. B. 2003. Fire and riparian ecosystems in landscapes of the western  
USA. Forest Ecology and Management 178(1):61-74.  
 
Ebersole, J.L., W.J. Liss, and C.A. Frissell. 2003. Cold water patches in warm streams:  
Physicochemical characteristics and the influence of shading. Journal of the American  
Water Resources Association 39:355-368.  
 
Espinosa, Jr., F.A., J.J. Rhodes, and D.A. McCullough. 1997. The failure of existing plans to protect 
salmon habitat in the Clearwater National Forest in Idaho. Journal of Environmental Management 
49(2): 205-230. 
 
Estes, J.A. 2011. Trophic downgrading of planet Earth. Science 333. 15 July 2011. 
 
Fausch, K.D., C.E. Torgersen, C.V. Baxter, and H.W. Li. 2000. Landscapes to riverscapes: bridging the 
gap between research and conservation of stream fishes. BioScience 52(6):1-16. 
 
Featherston, K. L., R. J. Naiman, and R. E. Bilby. 1995. Large woody debris, physical processes, and 
riparian forest development in montane river networks of the Pacific Northwest. Geomorphology 13 
(1):133-144.  
 
Feist, B.E., E.R. Buhle, P. Arnold, J.W. Davis, and N.L. Scholz. 2011. Landscape ecotoxicology of 
coho salmon spawner mortality in urban streams. PLoS ONE 6(8): e23424. doi:10.1371/journal. 
pone.0023424.  http://www.plosone.org/article/info:doi%2F10.1371%2Fjournal.pone.0023424 
 
Firman, J.C., E.A. Steel, D.W. Jensen, K.M. Burnett, K. Christiansen, B.E. Feist, E. Blake, D.P. 
Larsen, and K. Anlauf. 2011. Landscape models of adult coho salmon density examined at four spatial 
extents. Transactions of the American Fisheries Society 140:440-455. 
 
Franklin, J.F. and K.N. Johnson. 2012. A restoration framework for federal forests in the Pacific 
Northwest. Journal of Forestry 110: 429-439. 
 
Freeman, M.C., C.M. Pringle, and C.R. Jackson. 2007. Hydrologic connectivity and the contribution 
of stream headwaters to ecological integrity and regional scales. Journal of the American Water 
Resources Association 43(1):5-14. 

http://www.plosone.org/article/info:doi%2F10.1371%2Fjournal.pone.0023424�
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three fire‐retardant and two fire‐ suppressant foam formulations to the early life stages of rainbow  
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Key aquatic science questions for the  
Forest Service Science Synthesis 

 
 
STREAM TEMPERATURE: 
 
What factors determine the temperature of forest streams? 
 
What is the biological importance of conserving or restoring natural temperature 
regimes in streams and rivers? 
 
What are the likely effects of climate change on future stream temperatures? 
 
How does the width and downstream continuity of riparian forest buffer zones 
affect the temperature of surface waters? 
 
How does thinning or other logging within Riparian Reserves and riparian areas 
affect the temperature of surface waters? 
 
How does thinning interact with natural disturbance processes to affect stream 
temperature?  
 
What riparian management practices are needed to minimize the adverse 
impacts of forestry on stream temperature?  
 
 
EROSION, SEDIMENT DELIVERY, AND SUSPENDED SEDIMENT IN 
SURFACE WATERS 
 
How does increased erosion caused by logging harm streams and other 
waters? 
 
What is the role of Riparian Reserves in minimizing erosion from logging roads?  
 
What is the role of Riparian Reserves in minimizing erosion from landslides? 
 
What is the role of Riparian Reserves in minimizing ground disturbance from 
logging? 
 
What is the role of Riparian Reserves in minimizing gullying and channel 
expansion as a result of logging?  
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What are the consequences for erosion and sediment delivery of Riparian 
Reserve widths on headwater streams?  
 
What are the consequences for erosion and sediment delivery of thinning or 
other logging within Riparian Reserves? 
 
 
NUTRIENT DELIVERY AND EUTROPHICATION 
 
Where do nutrients originate on managed forest landscapes? 
 
What is the consequence of increased nutrient delivery to streams, wetlands, 
rivers and lakes from forestry operations? 
 
Didn’t salmon runs in the past contribute large amounts of nutrients to streams 
and what are the implications for today’s streams? 
 
How do riparian forests mediate nutrient delivery to surface waters? 
 
How do the width and downstream continuity of riparian forest buffer zones 
affect nutrient delivery to surface waters? 
 
How does forest harvesting within riparian areas affect nutrient delivery to 
surface waters? 
 
What configuration of riparian area management is needed to minimize delivery 
of nutrients from forest disturbances? 
 
What other management practices can help reduce or minimize nutrient delivery 
associated with forest management?  
 
 
 
STREAM HABITAT & LARGE WOODY DEBRIS 
 
How is woody debris important to stream and other freshwater ecosystems? 
 
What is the role of riparian forests in determining the availability of wood to 
freshwater ecosystems? 
 
What are the effects of narrowing Riparian Reserves from ACS Standards on 
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woody debris supply for streams? 
 
How does tree tipping thinning affect the supply of woody debris in riparian 
areas and streams? 
 
What riparian management practices are needed to minimize the adverse 
impacts of forestry on woody debris?  
 
 
STREAM FLOWS AND STREAM FLOW TIMING 
 
How do timber harvest and roads affect the amount, timing and spatial 
distribution of stream flows?   
 
How do timber harvest and forest roads affect wetlands, surface water, shallow 
sub-surface water and groundwater?   
 
How do timber harvest and forest roads affect stream hydrologic conditions that 
in turn may affect stream physical habitats, for example floodplain extent, 
dynamics, and connectivity; channel dynamics, conditions and complexity; and 
streambank stability and integrity? 
 
How does climate change interact with timber harvest and roads to affect or 
influence a) late winter/early spring peak flows?  b) base flows or late summer 
flows (particularly over time, i.e., after timber harvest entry and road construction 
or re-construction)? 
 
 
ROAD IMPACTS  
 
How do roads, culverts and stream crossings affect fish movements and 
migratory pathways, particularly over time and given limited budgets for road 
maintenance or repairs? 
 
How do roads affect fishing pressure for rare and threatened/endangered fish 
species?   
 
How do roads affect the spread of invasive species (both terrestrial and 
aquatic)? 
 
What are appropriate minimum standards for roads to protect aquatic and 
riparian ecosystems and watersheds and to conserve listed fish and other 
aquatic species (especially given reasonably foreseeable climate impacts – see 
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climate Qs below)? 
 
What are some of the other secondary or indirect ways that roads and road 
crossings can affect streams and fish habitats (e.g., sediment impacts, stream 
thermal impacts, nutrient flow impacts, etc...?). 
 
IMPORTANCE OF SMALLER STREAMS  
 
What is the importance of smaller non-fish bearing, fishbearing and intermittent 
headwater streams protection, particularly in light of watershed cumulative 
(hydrologic) effects (CWEs) and climate change?  
 
Can smaller streams, particularly those associated with springs, seeps, 
wetlands and extensive surface-to-groundwater connections in headwater areas 
be managed as refugia from timber harvest and road related impacts and thus 
provide future survival opportunities for climate sensitive species, particularly 
bull trout and amphibians? 
 
Can impacts to smaller streams caused by current plan and project level 
protections, or planned reductions in minimum riparian reserve widths adversely 
affect amphibians, bull trout and other resident and anadromous salmonids, 
particularly in light of climate change? 
 
Note:  see scientific papers regarding cumulative watershed effects (CWEs) and 
current and projected climate impacts 
 
 
CLIMATE CHANGE AND CLIMATE IMPACTS 
 
What are some of the current trends in regional air and associated stream 
temperatures in the Pacific Northwest and Northern California?   
 
What do peer reviewed climate science journals and down-scaled climate 
models predict to occur in the next 50-100 years to regional stream thermal 
conditions? 
 
How will forest ecosystems and stream ecosystems generally respond if these 
climate predictions are reasonably accurate?   For example: 
 a) How will stream hydrographs respond in currently snow  
 dominated, rain-on-snow transitional, and rain dominated 
 watersheds? 
 b) What will occur to peak flows and late winter/early spring channel  scour  
 



77 
 

 events, particularly in warm/wet years?  What impacts are likely to 
 threatened and endangered species such as bull trout? 
 c) What will occur to late season (summer flows), particularly in 
 warm/dry i.e., drought years?  What impacts are likely to listed fish and   
 listed/at risk amphibian species? 
 
What species of fish and amphibians are likely to be adversely affected or need 
additional aquatic and riparian protections, given the above changes and 
trends?  How will these species be protected? 
 
CUMULATIVE IMPACTS 
 

What analytical or management criteria/measures does the scientific literature 
suggest for land management agencies to determine allowable level(s) of 
cumulative impacts to watersheds, streams, fish, amphibians, riparian reserves, 
stream temperatures, stream flows, pattern of flows and flow timing, water 
quality, nutrient flows, large woody debris, floodplain complexity and 
connectivity, stream channel conditions, riparian and instream physical habitats, 
endangered/threatened or sensitive (at risk) fish, amphibian and invertebrate 
species, and other critical aquatic ecosystem functions or components? 
 
What explicit standards or analytical or management criteria/measures does the 
scientific literature suggest for timely adaptive management responses at 
appropriate unit level (i.e. National Forest or watershed scale) to avoid 
cumulative impacts to the above aquatic ecosystem components and 
conditions? 
 
What does the scientific literature suggest for monitoring frequency/timing of 
analytical or management criteria/measures for a timely response to changing 
conditions? 
 
At what point in a program of monitoring will information and analysis be less 
than adequate to assess cumulative impacts? In other words, at what thresholds 
will failure by likely given various assumptions of environmental stress. 
In practice how should the U.S.D.A. Forest Service monitor and qualitatively 
respond to ensure ecosystem integrity and sustainability using the above 
(highlighted in italics) components and conditions? 
 
 

 
 


