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Glossary of Terms
Benthic macroinvertebrates: Aquatic larval 

stages of insects such as dragonflies; aquatic 

insects such as aquatic beetles; crustaceans such  

as crayfish; worms; and mollusks. These small 

creatures live throughout the stream bed attached 

to rocks, vegetation, and logs and sticks or 

burrowed into stream bottoms.

Biological assemblages: Key groups of animals 

and plants—such as benthic macroinvertebrates, 

fish, or algae—that are studied to learn more 

about the condition of water resources.

Biological integrity: State of being capable of 

supporting and maintaining a balanced commu­

nity of organisms having a species composition, 

diversity, and functional organization comparable 

to that of the natural habitat of the region.

Ecoregions: Ecological regions that are similar in 

climate, vegetation, soil type, and geology; water 

resources within a particular ecoregion have 

similar natural characteristics and similar 

responses to stressors.

In-stream fish habitat: Areas fish need for 

concealment and feeding. These areas include 

large wood within the stream banks, boulders, 

undercut banks, and tree roots. 

Intermittent (ephemeral) streams: Streams that 

flow only during part of the year, such as in the 

spring and early summer after snowmelt.

Macroinvertebrate Index of Biotic Condition: 

The sum of a number of individual measures of 

biological condition, such as the number of taxa 

in a sample, the number of taxa with different 

habits and feeding strategies, etc. 

National Hydrography Dataset: Comprehensive 

set of digital spatial data—based on U.S. Geolog­

ical Survey 1:100,000 scale topographic maps—

that contains information on surface water 

features such as streams, rivers, lakes, and ponds. 

Nutrients: Substances such as nitrogen and 

phosphorus that are essential to life but can over­

stimulate the growth of algae and other plants in 

water. Excess nutrients in streams and lakes can 

come from agricultural and urban runoff, leaking 

septic systems, sewage discharges, and similar 

sources.

O/E (Observed/Expected) Ratio of Taxa Loss: 

A ratio comparing the number of taxa expected 

(E) to exist at a site to the number that are 

actually observed (O). The taxa expected at 

individual sites are based on models developed 

from data collected at reference sites.

Perennial streams: Streams that flow 

continuously throughout the year.

Physical habitat: For streams and rivers, the area 

in and around the stream or river, including its 

bed, banks, in­stream and overhanging vegetation, 

and riparian zone.

Probability-based design: A type of random 

sampling technique in which every element of the 

population has a known probability of being 

selected for sampling.

Reach: A discrete segment of a stream.

Reference condition: The least­disturbed 

condition available in an ecological region; 

determined based on specific criteria and used as a 

benchmark for comparison with other sample 

sites in the region.
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Riparian: Pertaining to a stream or river and its 

adjacent area.

Riparian disturbance: A measure of the evidence 

of human activities in and alongside streams, such 

as dams, roadways, pastureland, and trash. 

Riparian vegetative cover: Vegetation corridor 

alongside streams and rivers. Intact riparian 

vegetative cover reduces pollution runoff, prevents 

streambank erosion, and provides shade, lower 

temperatures, food, and habitat for fish and other 

aquatic organisms.

Stream order: Stream size, based on the 

confluence of one stream with another. First­order 

streams are the origin or headwaters. The 

confluence or joining of two 1st­order streams 

forms a 2nd­order stream, the confluence of two 

2nd­order streams forms a 3rd­order stream, and 

so on.

Streambed sediments: Fine sediments and silt on 

the streambed. In excess quantities, they can fill in 

the habitat spaces between stream pebbles, 

cobbles, and boulders and suffocate 

macroinvertebrates and fish eggs. 

Stressors: Factors that adversely effect—and 

therefore degrade—aquatic ecosystems. Stressors 

may be chemical (e.g., excess nutrients), physical 

(e.g., excess sediments on the streambed), or 

biological (e.g., competing invasive species). 

Taxa: Plural of taxon; groupings of living 

organisms, such as phylum, class, order, family, 

genus, or species. Scientists organize organisms 

into taxa in order to better identify and 

understand them. 

Transect: A path or line along which one counts 

and studies various aspects of a stream, river, or 

other study area.

Wadeable streams: Streams that are small and 

shallow enough to adequately sample by wading, 

without a boat.



The Wadeable Streams Assessment:  A Collaborative Survey of the Nation’s Streams

Sources and References     

93

Sources and References

General References
H. John Heinz Center for Science, Economics and the Environment. 2002. The State of the 

Nation’s Ecosystems: Measuring the Lands, Waters, and Living Resources of the United States. 
Cambridge University Press, New York.

National Academy of Public Administration. 2002. Understanding What States Need to Protect 
Water Quality. Academy Project Number 2001-001. Prepared by the National Academy of 
Public Administration, Washington, D.C., for the U.S. Environmental Protection Agency, 
Washington, D.C.

National Geographic Society. 1988. Close-Up: U.S.A. Maps. National Geographic Society, 
Washington, D.C.

NRC (National Research Council). 2001. Assessing the TMDL Approach to Water Quality 
Management. Prepared by the Committee to Assess the Scientifi c Basis of the Total 
Maximum Daily Load Approach to Water Pollution Reduction, Water Science and 
Technology Board, Division of Earth and Life Studies, National Research Council, 
National Academy Press, Washington, D.C.

North American Commission for Environmental Cooperation. 1997. Ecoregions of North 
America (contains level I, II, and III). GIS map fi les. North American Commission for 
Environmental Cooperation, Montreal, Quebec, Canada.  

Stoddard, J.L., J.S. Kahl, F.A. Deviney, D. DeWalle, C.T. Driscoll, A. Herlihy, J.H. Kellogg, 
P. Murdoch, J.R. Webb, and K. Webster. 2003. Response of Surface Water Chemistry to the 
Clean Air Act Amendments of 1990. EPA/620/R-03/001. U.S. Environmental Protection 
Agency, Washington, D.C. 79 pp. 

Strahler, A.N. 1952. Dynamic basis of geomorphology. Geological Society of America Bulletin 
63:923–938.

U.S. Census Bureau. 1990. TIGER line maps: 1990 U.S. Counties. U.S. Department of 
Commerce, U.S. Census Bureau, Washington, D.C.

U.S. Census Bureau. 2001. Your Gateway to Census 2000. U.S. Census Bureau online 
information. U.S. Department of Commerce, U.S. Census Bureau, Washington, D.C. 
Available at http://www.census.gov/main/www/cen2000.html. Accessed May 2006.

U.S. EPA (Environmental Protection Agency). 2001. National Coastal Condition Report. 
EPA 620/R-01/005. U.S. Environmental Protection Agency, Offi ce of Research and 
Development and Offi ce of Water, Washington, D.C.

U.S. EPA (Environmental Protection Agency). 2004. National Coastal Condition Report II. 
EPA 620/R-03/002. U.S. Environmental Protection Agency, Offi ce of Research and 
Development and Offi ce of Water, Washington, D.C.



The Wadeable Streams Assessment:  A Collaborative Survey of the Nation’s Streams

Sources and References     

94

U.S. EPA (Environmental Protection Agency). 2006. National Estuary Program Coastal 
Condition Report. EPA 842-B-06-001. U.S. Environmental Protection Agency, Offi ce of 
Water and Offi ce of Research and Development, Washington, D.C.

U.S. GAO (General Accounting Offi ce). 2000. Water Quality – Key EPA and State Decisions 
Limited by Inconsistent and Incomplete Data. GAO/RCED-00-54. U.S. Government 
Accountability Offi ce, Washington, D.C.

Vannote, R.L., G.W. Minshall, K.W. Cummins, J.R. Sedell, and C.E. Cushing. 1980. The river 
continuum concept. Canadian Journal of Fisheries and Aquatic Sciences 37:130–137. 

Stream and River Sampling and Laboratory Methods
Barbour, M.T., J. Gerristsen, B.D. Snyder, and J.B. Stribling. 1999. Rapid Bioassessment Protocols 

for Use in Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates, and Fish, 
Second Edition. EPA 841-B-99-002. U.S. Environmental Protection Agency, Offi ce of 
Water, Washington, D.C.

Peck, D.V., A.T. Herlihy, B.H. Hill, R.M. Hughes, P.R. Kaufmann, D.J. Klemm, J.M. 
Lazorchak, F.H. McCormick, S.A. Peterson, P.L. Ringold, T. Magee, and M.R. Cappaert. 
2006. Environmental Monitoring and Assessment Program – Surface Waters Western Pilot 
Study: Field Operations Manual for Wadeable Streams. EPA 620/R-06/003. U.S. 
Environmental Protection Agency, Offi ce of Research and Development, Washington, 
D.C.

Peck, D.V., D.K. Averill, A.T. Herlihy, R.M. Hughes, P.R. Kaufmann, D.J. Klemm, J.M. 
Lazorchak, F.H. McCormick, S.A. Peterson, M.R. Cappaert, T. Magee, and P.A. Monaco. 
2007. Environmental Monitoring and Assessment Program – Surface Waters Western Pilot 
Study: Field Operations Manual for Non-Wadeable Rivers and Streams. Draft. U.S. 
Environmental Protection Agency, Offi ce of Research and Development, Washington, 
D.C.

U.S. EPA (Environmental Protection Agency). 2004. Wadeable Streams Assessment: Benthic 
Laboratory Methods. EPA 841-B-04-007. U.S. Environmental Protection Agency, 
Offi ce of Water and Offi ce of Environmental Information, Washington, D.C.

U.S. EPA (Environmental Protection Agency). 2004. Wadeable Streams Assessment: Field 
Operations Manual. EPA 841-B-04-004. U.S. Environmental Protection Agency, 
Offi ce of Water and Offi ce of Research and Development, Washington, D.C.

U.S. EPA (Environmental Protection Agency). 2004. Wadeable Streams Assessment: Quality 
Assurance Project Plan. EPA 841-B-04-005. U.S. Environmental Protection Agency, 
Offi ce of Water and Offi ce of Environmental Information, Washington, D.C.

U.S. EPA (Environmental Protection Agency). 2004. Wadeable Streams Assessment: Site 
Evaluation Guidelines. EPA 841-B-04-006. U.S. Environmental Protection Agency, 
Offi ce of Water and Offi ce of Environmental Information, Washington, D.C.



The Wadeable Streams Assessment:  A Collaborative Survey of the Nation’s Streams

Sources and References     

95

U.S. EPA (Environmental Protection Agency). 2004. Wadeable Streams Assessment: Water 
Chemistry Laboratory Manual. EPA 841-B-04-008. U.S. Environmental Protection 
Agency, Offi ce of Water and Offi ce of Environmental Information, Washington, D.C.

Probability Designs
Olsen, A.R., J. Sedransk, D. Edwards, C.A. Gotway, W. Liggett, S. Rathbun, K.H. Reckhow, 

and L.J. Young. 1999. Statistical issues for monitoring ecological and natural resources in 
the United States. Environmental Monitoring and Assessment 54:1–45.

Stevens, Jr., D.L. 1997. Variable density grid-based sampling designs for continuous spatial 
populations. Environmetrics 8:167–195.

Stevens, Jr., D.L. and N.S. Urqhart. 2000. Response designs and support regions in sampling 
continuous domains. Environmetrics 11:11–41.

Ecological Regions
Grossman, E. 2002. Watershed: The Undamming of America. Counterpoint, New York, NY.

Hamilton, P.A., T.L. Miller, and D.N. Myers. 2004. Water Quality in the Nation’s Streams and 
Aquifers – Overview of Selected Findings, 1991–2001. U.S. Geological Survey Circular 
1265. U.S. Department of the Interior, U.S. Geological Survey, Reston, VA.

Jacobson, R.B., S.R. Femmer, and R.A. McKenney. 2001. Land-use Change and the Physical 
Habitat of Streams: A Review with Emphasis on Studies within the U.S. Geological Survey 
Federal-State Cooperative Program. U.S. Geological Survey Circular 1175. U.S. 
Department of the Interior, U.S. Geological Survey, Reston, VA.

Laroe, E.T., G.S. Farris, C.E. Puckett, P.D. Doran, and M.J. Mac (ed). 1995. Our Living 
Resources: A Report to the Nation on the Distribution, Abundance, and Health of U.S. Plants, 
Animals, and Ecosystems. U.S. Department of the Interior, National Biological Service, 
Washington, D.C.

Mac, M.J., P.A. Opler, C.E. Puckett Haecker, and P.D. Doran. 1998. Status and Trends of the 
Nation’s Biological Resources – Volumes 1 and 2. U.S. Department of the Interior, U.S. 
Geological Survey, Reston, VA.

Omernik, J.M. 1987. Ecoregions of the conterminous United States. Annals of the Association 
of American Geographers 77:118–125.

Paul, R.K. and R.A. Paul. 1977. Geology of Wisconsin and Upper Michigan. Kendall/Hunt 
Publishing Company, Dubuque, IA.

Secretariat of the Commission for Environmental Cooperation. 1997. Ecological Regions of 
North America – Toward a Common Perspective. Commission for Environmental 
Cooperation, Montreal, Quebec, Canada.



The Wadeable Streams Assessment:  A Collaborative Survey of the Nation’s Streams

Sources and References     

96

U.S. EPA (Environmental Protection Agency). 2000. National Water Quality Inventory: 
1998 Report to Congress. EPA 841-R-00-001. U.S. Environmental Protection Agency, 
Offi ce of Water, Washington, D.C.

USGS (U.S. Geological Survey). 1999. The Quality of Our Nation’s Waters – Nutrients and 
Pesticides. U.S. Geological Survey Circular 1225. U.S. Department of the Interior, 
U.S. Geological Survey, Reston, VA.

Wohl, E. 2004. Disconnected Rivers – Linking Rivers to Landscapes. Yale University Press, 
New Haven, CT.

Indices of Biotic Integrity
Barbour, M.T., J.B. Stribling, and J.R. Karr. 1995. Multimetric approach for establishing 

biocriteria and measuring biological condition. Chapter 6 In Biological Assessment and 
Criteria: Tools for Water Resource Planning and Decision Making. Edited by W.S. Davis and 
T.P. Simon. Lewis Publishers, Boca Raton, FL.

Frey, D.G. 1977. The integrity of water – An historical approach. In The Integrity of Water. 
Edited by S.K. Ballentine and L.J. Guarala. U.S. Environmental Protection Agency, 
Washington, D.C.

Karr, J.R. and D.R. Dudley. 1981. Ecological perspective on water quality goals. Environmental 
Management 5:55–68.

Karr, J.R. 1981. Assessment of biotic integrity using fi sh communities. Fisheries 6:21–27.

Observed/Expected Models
Hawkins, C.P. 2006. Quantifying biological integrity by taxonomic completeness: Evaluation 

of a potential indicator for use in regional- and global-scale assessments. Ecological 
Applications 16:1251–1266.

Hawkins, C.P., R.H. Norris, J.N. Hogue, and J.W. Feminella. 2000. Development and 
evaluation of predictive models for measuring the biological integrity of streams. 
Ecological Applications 10:1456–1477.

Van Sickle, J., C.P. Hawkins, D.P. Larsen, and A.T. Herlihy. 2005. A null model for the 
expected macroinvertebrate assembalge in streams. Journal of the North American 
Benthological Society 24:178–191.

Wright, J.F. 2000. An introduction to RIVPACS. In Assessing the Biological Quality of Fresh 
Waters. Edited by J.F. Wright, D.W. Sutcliffe, and M.T. Furse. Freshwater Biological 
Association, Ambleside, UK.

Physical Habitat
Kaufmann, P.R., P. Levine, E.G. Robison, C. Seeliger, and D. Peck. 1999. Quantifying Physical 

Habitat in Wadeable Streams. EPA/620/R-99/003. U.S. Environmental Protection Agency, 
Washington, D.C.



The Wadeable Streams Assessment:  A Collaborative Survey of the Nation’s Streams

Sources and References     

97

Reference Condition
Bailey, R.C., R.H. Norris, and T.B. Reynoldson. 2004. Bioassessment of Freshwater Ecosystems: 

Using the Reference Condition Approach. Kluwer Academic Publishers, New York, NY.

Hughes, R.M. 1995. Defi ning acceptable biological status by comparing with reference 
conditions. In Biological Assessment and Criteria: Tools for Water Resource Planning and 
Decision Making for Rivers and Streams. Edited by W. Davis and T. Simon. Lewis 
Publishing, Boca Raton, FL.

Stoddard, J.L., D.P. Larsen, C.P. Hawkins, R.K. Johnson, and R.H. Norris. 2006. Setting 
expectations for the ecological condition of running waters: The concept of reference 
condition. Ecological Applications 16(4):1267–1276.

Other EMAP Assessments
Stoddard, J.L., D.V. Peck, S.G. Paulsen, J. Van Sickle, C.P. Hawkins, A.T. Herlihy, 

R.M. Hughes, P.R. Kaufmann, D.P. Larsen, G. Lomnicky, A.R. Olsen, S.A. Peterson, 
P.L. Ringold, and T.R. Whittier. 2005. An Ecological Assessment of Western Streams and 
Rivers. EPA 620/R-05/005. U.S. Environmental Protection Agency, Washington, D.C.

Stoddard, J.L., A.T. Herlihy, B.H. Hill, R.M. Hughes, P.R. Kaufmann, D.J. Klemm, J.M. 
Lazorchak, F.H. McCormick, D.V. Peck, S.G. Paulsen, A.R. Olsen, D.P. Larsen, J. Van 
Sickle, and T.R. Whittier. 2006. Mid-Atlantic Integrated Assessment (MAIA) – State of the 
Flowing Waters Report. EPA 620/R-06/001. U.S. Environmental Protection Agency, 
Offi ce of Research and Development, Washington, D.C.

U.S. EPA (Environmental Protection Agency). 2000. Mid-Atlantic Highlands Streams 
Assessment. EPA/903/R-00/015. U.S. Environmental Protection Agency, Region III, 
Philadelphia, PA.

Biological Condition Gradient/Quality of Reference Sites
Davies, S.P. and S.K. Jackson. 2006. The Biological Condition Gradient: A conceptual model 

for interpreting detrimental change in aquatic ecosystems. Ecological Applications 
16:1251–1266.

Lattin, P.D. (In Preparation). A process for characterizing watershed level disturbance using 
orthophotos. Dynamac Corp., Corvallis, OR. (Contact Paul L. Ringold, 
U.S. Environmental Protection Agency, Corvallis, OR.)

Relative Risk
Van Sickle, J., J.L. Stoddard, S.G. Paulsen, and A.R. Olsen. 2006. Using relative risk to 

compare the effects of aquatic stressors at a regional scale. Environmental Management 
38(6):1020–1030.



The Wadeable Streams Assessment:  A Collaborative Survey of the Nation’s Streams

Sources and References     

98

Nutrients
Bourassa, N. and A. Cattaneo. 1998. Control of periphyton biomass in Laurentian streams 

(Quebec). Journal of the North American Bentholological Society 17:420–429.

Dodds, W.K. and E.B. Welch. 2000. Establishing nutrient criteria in streams. Journal of the North 
American Benthological Society 19(1):186–196.

Kelly, M.G. 1998. Use of community-based indices to monitor eutrophication in rivers. 
Environmental Conservation 25:22–29.

Kelly, M.G. and B.A. Whitton. 1995. The trophic diatom index: A new index for monitoring 
eutrophication in rivers. Journal of Applied Phycology 7:433–444.

Miltner, R.J. and E.T. Rankin. 1998. Primary nutrients and the biotic integrity of rivers and 
streams. Freshwater Biology 40:145–158.

Nordin, R.N. 1985. Water Quality Criteria for Nutrients and Algae. Ministry of Water, Land and 
Air Protection, Water Management Branch, British Columbia Ministry of the Environment, 
Victoria, British Columbia, Canada. 

Pan, Y., R.J. Stevenson, B.H. Hill, A.T. Herlihy, and G.B. Collins. 1996. Using diatoms as 
indicators of ecological conditions in lotic systems: A regional assessment. Journal of the 
North American Benthological Society 15:481–495.

Welch, E.B. 1992. Ecological Effects of Wastewater. 2nd edition. Chapman and Hall, London, UK.



$300
Penalty for Private U

se
O

fficial Business

W
ashington, D

C
  20460

1200 Pennsylvania 
Protection Agency

Ave., N
.W

U
nited States Environm

ental 

W

.: (4504T)

 ad
eab

le S
tream

s A
ssessm

ent


