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Why care about monitoring?Why care about monitoring?

Evaluate status and trendsEvaluate status and trends
Evaluate sources and fateEvaluate sources and fate
Evaluate performance of Evaluate performance of BMPBMP’’ss & & 
restoration actionsrestoration actions
Wise stewardship of scarce resourcesWise stewardship of scarce resources



How well are we doingHow well are we doing

Endangered species listingsEndangered species listings
Muddy waters Muddy waters –– 303(d) listings303(d) listings
Human health risk exposure from air Human health risk exposure from air 
and waterand water



Watershed Inputs

Physical Processes

Physical and Chemical Attributes

Habitat Structure and Connectivity

Biotic Responses

Natural
disturbance

Water & land 
use/ human 
disturbance

A simplified view of watershed processesA simplified view of watershed processes



Recent advancesRecent advances

Integration of watershed processes Integration of watershed processes 
into ecological thinkinginto ecological thinking
Tech tools and techniquesTech tools and techniques
The bugs speak to usThe bugs speak to us
Statistical tools for spatial + time Statistical tools for spatial + time 
analysesanalyses





Habitat polygons delineated using LEAP.Habitat polygons delineated using LEAP.



Are we there yet?Are we there yet?
Significant coordination efforts 
between governments:
- standardize sampling design
- database and archival practices
- comparability of field methods
- comparison of results
- evaluation techniques & design



Persistent challenges:Persistent challenges:

Applying Applying ““idealizedidealized”” expectations to expectations to 
all streamsall streams
Lack of understanding of how to Lack of understanding of how to 
work with altered processes in urban work with altered processes in urban 
streamsstreams
Large investments in Large investments in ““fixingfixing””
problems, problems, ……
Little investment in monitoring Little investment in monitoring 
outcomesoutcomes



Brief History of EMAPBrief History of EMAP

1988: initial charge from EPA 1988: initial charge from EPA 
Science Advisory BoardScience Advisory Board
1991: Environmental Monitoring and 1991: Environmental Monitoring and 
Assessment Program: Assessment Program: ““ecological ecological 
status/trends; emerging problemsstatus/trends; emerging problems””
Geographic coverageGeographic coverage——hexagonal hexagonal 
gridsgrids
Previous success with National Acid Previous success with National Acid 
Precipitation Assessment ProgramPrecipitation Assessment Program



EMAP hexagonal grid design got EMAP hexagonal grid design got 
many regional agencies on boardmany regional agencies on board
Needed specialization has occurred: Needed specialization has occurred: 
Aquatic Resource MonitoringAquatic Resource Monitoring
Regional Regional EMAPsEMAPs



www.epa.gov/emapwww.epa.gov/emap//

Hexagonal grids fine for certain Hexagonal grids fine for certain 
landscapes (forests, arable land), not landscapes (forests, arable land), not 
othersothers
Need to recognize streams as Need to recognize streams as 
networks resulted in GRTS designnetworks resulted in GRTS design



SamplingSampling----Why Do We Care?Why Do We Care?
Good estimates Good estimates 

Reasonable standard errorReasonable standard error

Generalization of resultsGeneralization of results

Reasonable costReasonable cost



http://www.epa.gov/quality/qs-docs/g5s-final.pdf



MultiMulti--panel panel 
Sampling Sampling 
DesignDesign

http://oregonstate.edu/dept/statistics/epa_program/docs/ntmondesign070302F.pdf



MultiMulti--panel Sampling Design: panel Sampling Design: 
ContextContext

Monitoring for both status and Monitoring for both status and 
trendtrend

––Status: spatial coverage (sites)Status: spatial coverage (sites)
––Trend: temporal coverage (times)Trend: temporal coverage (times)

Can accomplish both with this Can accomplish both with this 
designdesign!!



MultiMulti--panel Sampling Designpanel Sampling Design----
What is a panel?What is a panel?

Panel = set of sites with a revisit Panel = set of sites with a revisit 
periodperiod

Panels chosen to reflect spatial Panels chosen to reflect spatial 
patternspatterns



MultiMulti--panel Sampling Designpanel Sampling Design

Simplified Rotating Panel Design:Simplified Rotating Panel Design:

Reproduced from: Firman, J.C. and Jacobs, S.E. 2003. A Survey Design for Integrated 
Monitoring of Salmonids. Oregon Department of Fish and Wildlife



MultiMulti--panel Sampling Designpanel Sampling Design

Slightly More Complicated Panel Design:Slightly More Complicated Panel Design:

Firman, J.C. and Jacobs, S.E. 2003. A Survey Design for Integrated 
Monitoring of Salmonids. Oregon Department of Fish and Wildlife

Reproduced from:



ODFW Integrated Monitoring Design:ODFW Integrated Monitoring Design:

Firman, J.C. and Jacobs, S.E. 2003. A Survey Design for Integrated 
Monitoring of Salmonids. Oregon Department of Fish and Wildlife

Modified from:



MultiMulti--panel Sampling Designpanel Sampling Design

Panel designs are usually based on a Panel designs are usually based on a 
33--5 year rotation.5 year rotation.

ODFWODFW’’ss design adopted a threedesign adopted a three--year year 
rotation to coincide with the threerotation to coincide with the three--year year 
life cycle for coho salmon.life cycle for coho salmon.



MultiMulti--panel Sampling Designpanel Sampling Design

In ODFW study a panel consisted In ODFW study a panel consisted 
of:of:

~ 79 Habitat Sites~ 79 Habitat Sites
~ 41 Spawning Sites~ 41 Spawning Sites
~ 13 Juvenile Sites~ 13 Juvenile Sites



MultiMulti--panel Sampling Design panel Sampling Design --
SummarySummary

Useful when both spatial and Useful when both spatial and 
temporal coverage  requiredtemporal coverage  required

Accounts for temporal correlation at Accounts for temporal correlation at 
a site and spatial correlation among a site and spatial correlation among 
sitessites

Requires all sites be known to define Requires all sites be known to define 
the panelsthe panels



““Visual Sample PlanVisual Sample Plan”” SoftwareSoftware

Uses site maps and interactive questions Uses site maps and interactive questions 
to determine # samples, cost, sampling to determine # samples, cost, sampling 
locationslocations
User imports a site mapUser imports a site map
Spatial sampling, but not set up for stream Spatial sampling, but not set up for stream 
networksnetworks
http://http://dqo.pnl.gov/vspdqo.pnl.gov/vsp



Visual Sample Plan (VSP)Visual Sample Plan (VSP)

http://dqo.pnl.gov/vsp



Visual Sample Visual Sample 
Plan Plan 
(VSP)(VSP)

http://dqo.pnl.gov/vsp
Modified from:



Conclusions & challengesConclusions & challenges

Sampling approaches take into account Sampling approaches take into account 
complex and connective nature of stream complex and connective nature of stream 
networksnetworks

Computationally complex estimates, but better Computationally complex estimates, but better 
attention to spatial and temporal correlationattention to spatial and temporal correlation

Requires more up front collaboration between Requires more up front collaboration between 
biologists and quantitative folksbiologists and quantitative folks

Adequate $$ Adequate $$ 



Web SitesWeb Sites

www.epa.gov/quality/qa_docs.htmlwww.epa.gov/quality/qa_docs.html
dqo.pnl.gov/vspdqo.pnl.gov/vsp
oregonstate.edu/dept/statistics/epa_prograoregonstate.edu/dept/statistics/epa_progra
m/docsm/docs//



The EndThe End
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