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The effectiveness of using volunteers for biological monitoring of streams

Sarah Rose Engel

(ABSTRACT)

An increase in public environmental awareness and a decrease in resources within
government regulatory agencies have led to a larger interest in volunteer biomonitoring
programs.  Government agencies are currently using volunteer data for official purposes
with increasing frequency, but questions have been raised about the validity of the data
collected by volunteers who have only limited training and experience.  Therefore, we
conducted a detailed study to assess, modify, and validate the Virginia Save-Our-Streams
(SOS) program, which is a volunteer organization collecting macroinvertebrate data.
Sites were sampled using professional methods concurrently with volunteers who utilized
the SOS protocol.  The volunteer samples were retained for further laboratory analysis.
In addition, numerous sites previously sampled by volunteers were re-sampled using
professional methods.  The data were statistically analyzed to determine if the results of
volunteers and professional aquatic biologists were correlated and if they arrived at the
same conclusions about ecological condition.  It was determined that the Virginia SOS
method, and probably other similar volunteer methods, consistently overrate ecological
condition.  This means that streams impaired by pollution could go unreported, if they are
monitored exclusively by volunteers.  The cause of this overestimation was determined to
be the overly simplistic SOS metric, which is based solely on the presence or absence of
taxa.  The SOS protocol for data analysis was made more quantitative by developing a
multimetric index that is appropriate for use by volunteers.  The SOS sampling protocol
was modified slightly to obtain actual counts of the different kinds of macroinvertebrates,
which allowed for calculation of metrics.  Sorting effort and taxonomic level of
identification were not changed so that currently participating volunteers would not be
excluded because of the need for expensive equipment or advanced technical training.
The modified SOS protocol was evaluated by a different set of concurrent samples taken
by volunteers and professionals, but using the same statistical techniques.  The modified
SOS protocol proved to be feasible for volunteers.  The new SOS multimetric index
correlated well with a professional multimetric index.  The conclusions about ecological
condition derived from the volunteer multimetric index agreed very closely with those
made by professional aquatic biologists.  This study demonstrated that volunteer
biomonitoring programs can provide reliable data, but every volunteer program needs to
be thoroughly validated by statistical comparisons to the professional methods being used
in that area.

This study was funded by the Virginia Department of Environmental Quality.
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Introduction

Volunteers have long been a vital source of labor in this country.  From the very
beginning, people voluntarily came together to build barns, forge into uncharted
territories, and provide protection from outsiders (Koontz 1970).  This spirit of
volunteerism continued into World War II, when volunteers rolled bandages and cared
for the injured (Coleman 1965).  In today’s society, volunteers play many vital roles.
Volunteers watch over the condition of homes for the elderly and those that are mentally
handicapped (Reischl and Wordes 1994), they mentor abusive parents in high risk
families (Dore and Harnett 1995), and have successfully come together in neighborhood
watches to reduce violent crime (Friedman 1998).  People volunteer in order to solve
community problems, to show concern for others, for personal growth and self worth, to
gain new experiences, and to assuage feelings of guilt for being well-off (Clary et al.
1998, Coleman 1965, Henderson 1984, Koontz 1970).  According to a Gallup poll
conducted by Independent Sector (1999), 56% of the nation’s citizens volunteered for an
average of 3.5 hours a week during 1998.  No matter why these people are volunteering,
there is no question that they are significantly contributing to the work force.  The
volunteers’ work had an estimated value of 225.9 billion dollars in 1998 (Independent
Sector 1999).  Of these volunteers, 5.5% reported volunteering in the environmental
realm during 1998 (Independent Sector 1999).

One way in which volunteers can contribute in the environmental domain is to participate
in activities that monitor the ecological condition, sometimes called the “health”, of
aquatic environments.  Aquatic environmental monitoring can involve measuring various
physical or chemical factors, such as sediment accumulation on the streambed or
concentration of dissolved oxygen.  Physical and chemical factors are often referred to
collectively as water quality.  In recent years, federal and state regulatory agencies have
emphasized the need for biological monitoring (biomonitoring) of aquatic environments,
in addition to water quality monitoring (Miller et al. 1988).  Biomonitoring (also called
bioassessment) is defined as an evaluation of the condition of a water body using
biological surveys and other direct measurements of the resident biota in surface waters
(Gibson et al. 1996, Matthews et al. 1982, Rosenberg and Resh 1993).  Monitoring is
usually thought of as taking repeated measurements to keep track of something, whereas
an assessment can be a one-time measurement.

Aquatic biomonitoring offers a number of advantages over measurements of physical and
chemical factors.  Biological assemblages respond to a wide variety of stresses and
therefore readily highlight changes in the overall ecological integrity of a waterway.
Biota also respond to stresses acting in synergy, a relationship that is not readily apparent
when measuring individual chemical and physical factors.  Responses to chronic stress
exposures are evident when looking at biological assemblages.  Biomonitoring methods
are cost effective when implemented over the long term, provide results that are easily
understood by the public, and are especially practical for stresses that are not easily
pinpointed (Plafkin et al. 1989).
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Biomonitoring can be done with any living organisms, but benthic macroinvertebrate,
fish, and periphyton assemblages are used most often, in that order.  Benthic
macroinvertebrates are those organisms that live on the bottom of aquatic environments,
or on objects protruding above the bottom, and are large enough to see by eye without
any magnification.  Periphyton refers to the algae that live attached to firm substrates.
While very complete studies may include all three assemblages, benthic
macroinvertebrates are used most often for several reasons.  First, benthic
macroinvertebrates do not migrate very far, thereby ensuring exposure to a pollutant or
stress and reliably conveying local conditions.  This reliable representation of ecolgical
condition allows for comparison of sites that are in close proximity.  Second,
macroinvertebrate life stages are short enough that sensitive life stages will be affected by
a stress, but long enough that the impairment is measurable in the assemblage.  Benthic
macroinvertebrates are found in even the smallest streams and have a wide range of
sensitivity to all types of pollution and stress, allowing for monitoring in most conditions.
Finally, sampling benthic macroinvertebrates is easy, cost effective, and does not
permanently harm the local assemblage.  Impairment can easily be detected by the trained
monitor with even the simplest of identifications (Plafkin et al. 1989, Voshell et al. 1997).

Bioassessment with benthic macroinvertebrates and other organisms is not new.  Stream
biota have been used as indicators of water conditions from the mid-1800s, when a
dwindling fish assemblage led to the cleaning up of the River Soar in Great Britain.  At
the same time, naturalists were pushing westward in the United States, documenting all
the organisms they found, allowing for qualitative comparisons of communities as waters
became polluted.  By the early 1900s, German scientists were using the saprobian system
to classify pollution zones downstream of a source based on the makeup of the bacteria
and plankton assemblages, thereby incorporating tolerance values into biological
assessments.  Illinois scientists expanded the saprobian system to include
macroinvertebrates and fish, and by the 1920s were using indicator species to detect
sewage related impairment.  The US Public Service Health Act of 1912 resulted in
biological assessment of interstate waterways, and government bioassessment programs
got their start (Davis 1995).  They have since grown to their present state.  A very recent
development in bioassessment is participation by volunteers.

Unfortunately, bioassessment with benthic macroinvertebrates can be very costly and
time-consuming (Resh and Jackson 1993).  Samples often contain a lot of sand, silt, and
plant debris (leaves, roots, twigs, fine detritus) from which the organisms must be
manually sorted.  After sorting (also called “bug picking”), the numerous organisms must
be identified and counted by means of a dissecting microscope.  The identifications are
made more difficult by the fact that most of the organisms are immature stages of aquatic
insects, which are often very small and hard to identify.  In the late 1980s rapid
bioassessment approaches were introduced to make biomonitoring with benthic
macroinvertebrates more feasible.  Although not really a new idea (Barbour 1997), rapid
bioassessment has been strongly promoted by the U. S. Environmental Protection Agency
(Barbour et al. 1999) and, thus, has been widely adopted by state regulatory agencies to
meet the requirements of the Clean Water Act and other environmental legislation
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(Barbour and Lenat 1994).  Although rapid bioassessment approaches vary, they all share
some common features. Rapid bioassessment approaches are qualitative, and are
standardized by sampling effort rather than area.  The samples are not replicated, but may
be a composite of samples taken at one site.  Sub-sampling to 100 to 200 organisms is
common, with identification to higher taxonomic groups, often only to family.  For
analysis, the emphasis is on multimetric or aggregated indices, without absolute
abundance metrics.  The interpretation of rapid bioassessment results is based on
background data and regional classifications (Voshell et al. 1997).  The purpose of rapid
bioassessment is to acquire reproducible, scientifically valid results with a feasible
amount of effort (Lenat and Barbour 1993, Barbour et al. 1999).  With rapid
bioassessment techniques for benthic macroinvertebrates, one professional aquatic
biologist can collect, process, and report on three to five sites in a normal five-day work
week (Lenat and Barbour 1993).  However, most state environmental regulatory agencies
have thousands of miles of streams with hundreds of sites to monitor and only a few
professional aquatic biologists to do the work that is mandated by the U. S.
Environmental Protection Agency. Even though rapid bioassessment techniques allow
aquatic biologists to accomplish more biomonitoring than they otherwise could,
thousands of miles of streams remain unmonitored because of limited resources.

Volunteers have recently organized and stepped forward to help fill the knowledge gap.
There are many volunteer programs in place across the country that are thought to be
successful at collecting data at lower costs than professional surveys (Levy 1998, Maas et
al. 1991, Markusic 1991, Thomson 1987).  It has been assumed that, with proper training
and adequate quality assurance/ quality control plans, volunteers can collect quality data
suitable for making regulatory decisions (Lathrop and Markowitz 1995, Lee 1988,
Mattson et al. 1994, Sheehan 1998).  An added benefit of using volunteers in a
bioassessment program is the ability of a group of volunteers to sample multiple locations
at one time (Maas et al. 1991), while professional aquatic biologists, who usually work
alone or with one assistant, can only sample one site.  In addition, volunteers often
monitor the waters where they live or go for recreation, so they can watch for changing
conditions and report them in a timely fashion (Livermore 1993). Professionals must
monitor a large number of widely distributed sites, so they may only be able to visit a site
once every few years, which greatly limits their ability to detect short-term changes in
ecological condition.

There are many volunteer biomonitoring programs for streams across the United States
(Table 1).  The Save-Our-Stream (SOS) program, administered by the Izaak Walton
League of America, is one of the oldest and most popular volunteer biomonitoring
programs. The SOS program, which involves many volunteers in the mid-Atlantic states,
is representative of other programs and was the subject of the study that we did on the
effectiveness of volunteer biomonitoring in Virginia streams.  The SOS program was
started in Maryland in 1969 by League board member Malcom King to allow volunteers
to monitor their community streams, and focused mainly on visual observations of water
odor, color, and presence of trash to assess the conditions of waterways.  The early 1970s
saw the addition of chemical tests, and the Izaak Walton League assumed responsibility,
with plans to make it a national program.  By the late 1970s, the use of macroinvertebrate
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Table 1.  Examples of volunteer groups conducting biological monitoring programs with
macroinvertebrates in the United States.
Group State Waters

Monitored
Sampling and Data
Analysis

Taxonomic Level
of Identifications

Reference

River Watch Illinois Best Habitat
Available

ID in lab; 4 metrics Family level Illinois Department of
Natural Resources 1998

Collaborative
Research
Network

Kansas Riffles Kick screen; sorted
and identified in
field; presence
recorded; 1 metric
calculated

Order/family
level

KanCRN Collaborative
Research Network 1999

Water Watch Kentucky Riffles Kick screen; sorted
and identified in
field; presence
recorded; 1 metric
calculated

Cooke 1999

Audubon
Naturalist
Society

Maryland Riffles and
Pools

ID in field Order/family
level

Pat McIlvaine, personal
communication, 1999

Save Our
Streams
Project
Heartbeat

Maryland Riffles Kick Screen;
identified  in lab;
Multimetric index (5
metrics)

Family level Maryland Save Our
Streams 1999

Stream Team Missouri Riffles/runs Kick screen; sorted
and identified in
field; presence
recorded; 1 metric
calculated

Order/family
level

Parker 2000

Stream
Quality
Monitoring

Ohio Riffles Kick screen; sorted
and identified in
field; presence
recorded; 1 metric
calculated

Order/family
level

Ohio Department of
Natural Resources 2000

fauna as stream health indicators was added, and the goals of the program changed from
increasing public awareness to include making stream degradation assessments.  In 1983,
the Ohio Division of Natural Resources revamped the program to include a numerical
water quality rating score.  In 1988, the Virginia SOS program got started with the goal
of supplementing monitoring data collected by the state environmental regulatory agency,
Virginia Department of Environmental Quality (Firehock and West 1995).  Today,
approximately 220 volunteers take part in the Virginia SOS program, monitoring about
125 sites on 80 streams.

The U.S. Environmental Protection Agency has decided that data from volunteers can
and should be used in reports that are required from states on the current environmental
condition of water bodies, namely the 305(b) report (Lathrop and Markowitz 1995) and
303(d) list (U.S. Environmental Protection Agency 1999).  The 305(b) is a reporting of
the condition of waterways within a state (Barbour et al. 1999).  The 303(d) list is an
annual listing of impaired and threatened waterways in a state (U.S. Environmental
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Protection Agency 1999).  For the 303(d) list, the U.S. Environmental Protection Agency
(1999) is very clear about the use of biomonitoring data from volunteers, requiring the
use of all “existing and readily available data”, including “data, information, and water
quality problems reported by...members of the public”.  When streams are listed as
impaired in these reports, it triggers major action in the form of a total maximum daily
load (TMDL) plan.  A TMDL is a plan of action to return the stream to a pre-impacted
condition and get it removed from the impairment list.  These plans require much effort,
both in their design and implementation, and there are specific timelines for getting
streams off the list.  Therefore, it is important that the ecological condition of streams be
accurately assessed.

In Virginia, the Department of Environmental Quality has signed a memorandum of
agreement with the Virginia SOS program to use the biomonitoring data from those
volunteer groups with a quality assurance/ quality control plan.  Potential uses of
volunteer biomonitoring data by the Virginia Department of Environmental Quality
include background information, reports to the federal government such as the 305(b) and
303(d) reports, as a “red flag” for pollution events, and in special studies (Jay Gilliam,
Director of Virginia SOS program, personal communication, 2000).

As volunteer data are increasingly incorporated into important regulatory decisions that
have far-reaching ramifications, concerns are being raised over the validity of using data
from volunteers.  Some of the primary reasons for concern are the level to which
volunteers identify macroinvertebrates, the limitations of their collecting techniques, and
the level of training the volunteers receive (Penrose and Call 1995).  A 1993 conference
in New England, widely attended by representatives of universities, federal, state, and
local governments, businesses, and volunteer biomonitoring groups, listed and ranked the
barriers to volunteer biomonitoring efforts.  Data concerns, including credibility,
standardization, and quality assurance, were voted to be the top barrier, garnering 39.5%
of the ranking vote (Godfrey 1994).  Though volunteers in Virginia must go through a
training and certification process, it is speculated that this process might not be rigorous
enough to assure data of high enough quality for use in management decisions (Jay
Gilliam, Director of Virginia SOS, personal communication, 1998).  Obviously, these
concerns must be addressed before biomonitoring data from volunteers can be used with
complete confidence.

To date, there have only been a few cursory studies comparing the results of volunteer
biomonitoring to professional biomonitoring.  In Connecticut, professionals resample one
volunteer site per year in an effort to continually assess the quality of the volunteers’
efforts (Ely 1997).  After the initial assessment in 1992, the volunteer protocol was
modified.  The result was that in subsequent years there was more similarity in the
decisions reached by volunteers and professionals (Ely 1997).  A study in Washington
found an excellent comparison between volunteers and professionals who were using the
same sample collection methods (Ely 2000).  Volunteer biomonitoring has not fared as
well in other comparative studies.  In North Carolina, previously untrained volunteers
were able to identify higher quality streams, but were unable to differentiate the lower
quality streams (Penrose and Call 1995).  Sampling in Ohio indicated that volunteers
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were able to determine if streams were attaining their designated use category, but had a
tendency to overrate water quality when compared to professionals sampling with the
same methods (Dilley 1991).  DeWalt (1999) also found that volunteers tended to
overrate the environmental condition of Illinois streams.

Because of the disparity in the conclusions mentioned above and the importance of this
issue in the environmental regulation of freshwater natural resources, we set out to
conduct a thorough investigation of the effectiveness of volunteer biomonitoring with
benthic macroinvertebrates in streams.  The Virginia SOS Program was the subject of our
study.  Our objectives were as follows: (1) to compare the biological condition
assessments made by volunteers in the Save-Our-Streams Program to those made by
professional assessments, (2) to recommend modifications to improve the volunteer
method should it not compare favorably with professional protocols, and (3) to validate a
modified volunteer protocol, should one be necessary.

Methods

Study Design

We used two lines of investigation in our analysis of volunteer biomonitoring.  The first,
and primary one, involved concurrent sampling with certified Virginia SOS volunteers at
23 sites.  All of these sites were on streams in the western part of Virginia (Appendix A).
Most were in the Ridges and Valleys or Blue Ridge ecoregions, but a few extended into
the Piedmont and Coastal Plain ecoregions.  At all sites there was sufficient gradient for
the bottom composition to be mostly rocky.  Sites were on first to fifth order streams, and
all sites were shallow enough to be waded. The concurrent sampling took place during
the summer and fall of 1998.  The 23 sites and volunteer groups were selected based on
availability of the volunteers, proximity of sites to volunteers, and recommendation by
Jay Gilliam, director of the Virginia SOS Program.  We tried to ensure that the sites for
concurrent sampling included a wide range of expected ecological conditions, from sites
with little apparent human impact and best attainable ecological conditions to those
where human activities were obviously causing changes in the streams and ecological
condition was likely to be impaired.  This selection was done by reviewing previous SOS
studies at each site, and visually observing each site and collecting those that would
provide an overall mix of conditions.

At each concurrent sampling site, the volunteer group made an independent
bioassessment according to the standard Virginia SOS protocol. The only interaction with
us was an explanation of the study.  We told them to proceed as they normally do.  We
tried to put them at ease by telling them that their performance would not be identified
individually in the results, they were not being graded, and we were only evaluating the
volunteer protocol, not them.  We observed the sampling techniques of the volunteers and
recorded our observations.  After they made their bioassessment we took possession of all
volunteer samples and preserved them so that we could check their identifications.  In
addition, the debris left on the kick net, which they had sorted through and removed all
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Figure 1.  Original Virginia Save-Our-Streams method for volunteers to sample stream
macroinvertebrates with a kick screen.  The kick screen was 1 m wide.  An area of approximately
1 m2 in front of the net was disturbed with the hands and feet for an unspecified length of time.

necessary organisms, was retained and preserved to check for completeness of sample
sorting by volunteers.  Lastly, we took what we refer to as a professional sample in an
undisturbed location at the same site to see if volunteer biomonitoring reaches the same
conclusions as that done by professional aquatic biologists.

Our second line of investigation involved re-sampling at 122 sites where Virginia SOS
volunteers had taken samples and made assessments of ecological condition during the
past 5 years (Appendix A).  We referred to these as historical samples.  Data sheets for
volunteer biomonitoring were compiled from Virginia SOS records, and the sites were
located on 7.5 minute USGS topographic quadrangles to the nearest 15 seconds.  We
visited those sites and took professional samples in the summer and fall of 1998.  We
recognized that there were weaknesses in this approach.  There could have been changes
in the ecological condition of the sites in the intervening time, either improvement or
degradation.  There was no opportunity to observe the volunteers taking their samples or
to examine the contents of their sample.  However, we were able to eliminate those sites
that had obviously changed based on the habitat information the volunteers had recorded
along with their macroinvertebrate data, so we decided that the large amount of available
Virginia SOS data was potentially very useful.  We therefore re-sampled those sites and
considered the historical samples as supporting evidence.

Virginia Save-Our-Streams Protocol for Sampling and Data Analysis

The Virginia SOS sampling protocol consists of three individual kick net samples. The
kick net measures 1m x 1m, and the size of the mesh is approximately 1,500 µm.  The net
is held in a riffle by one volunteer and approximately 1 m2 of substrate is thoroughly
disturbed in front of the net by at least one other volunteer (Figure 1).  The net is returned
to shore and spread on a sheet or board to catch organisms that crawl through the mesh.
The macroinvertebrates in each individual sample are removed, or “picked”, from the net
and sorted by taxa into separate containers (Figure 2).  The organisms are then identified
in the field based on previous training and simple pictures (Kellogg 1994).  The
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Figure 2. Virginia Save-Our-Stream method for volunteers to sort and identify macroinvertebrates
in the field.

taxonomic level is mostly to order, with a few selected families.  The presence of each
taxonomic group is then recorded.  The volunteers also complete a simple habitat
assessment.

The data from each macroinvertebrate sample is used to calculate the SOS water quality
rating score; a simple biotic index based on presence/ absence data.  The
macroinvertebrate taxa are divided into three sensitivity categories based on their
tolerance of poor water conditions (sensitive, somewhat sensitive, and tolerant).  The
SOS water quality rating is calculated by multiplying the number of taxa present in each
sensitivity category by a numerical tolerance value (sensitive=3, somewhat sensitive=2,
tolerant=1).  The resulting numbers are added, then used to determine water quality
(excellent>22, good=17-22, fair=11-16, poor<11) (Figure 3).  Each of the three kick-net
samples is scored individually, and the sample with the highest score is considered to be
the most accurate indication of the site’s ecological condition.

Figure 3. Field sheets used in original Save-Our-Streams protocol.  (A) Page 1 of identification
sheet; (B) page 2 of identification sheet; (C) sheet used for calculating water quality rating score
and determining the category of ecological condition.
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Figure 4. Professional method for sampling stream macroinvertebrates with a D-frame dip net.
The net was approximately 0.3 m wide on the bottom.  An area of approximately 0.1 m2 in front
of the net was disturbed with the hands for 15 sec.  The sample consisted of 2 subsamples from
fast current and 2 subsamples from slow current.

Virginia SOS volunteers must be certified before contributing data to the program.  The
certification process includes lectures and hands-on practice sessions, followed by a test.
The test includes sampling, which is observed and evaluated by a trainer, and
identification of macroinvertebrate specimens, in which volunteers must score at least
84% to pass.  Once the test has been passed, volunteers are then certified to monitor
indefinitely.

Professional Protocol for Sampling and Data Analysis

The professional sampling method that we used is in accordance with the latest guidance
from the U. S. Environmental Protection Agency for rapid bioassessment protocols
(Barbour et al. 1999).  Our sample at each site consisted of a composite of four D-frame
dip net subsamples.  The dip net was 0.30 m long on its bottom side, and the mesh of the
net was 500 µm.  Two D-frame subsamples were collected from fast current (> ≈30
cm/sec) in predominately cobble substrate, and two were collected from slow current (<
≈30 cm/sec) in predominately pebble substrate.  For each individual subsample, we held
the D-frame dip net in one location and disturbed the substrate for 15 seconds in a square
area equal to the width of the net frame (≈0.1 m2) (Figure 4).  These samples were
preserved in 95% ethanol for later analysis in the laboratory.  While at each site, a habitat
assessment was conducted according to the recommendations of the U. S. Environmental
Protection Agency’s rapid bioassessment protocols (Barbour et al. 1999).  The habitat
assessment was solely used to compare to the volunteer habitat assessments to determine
suitability of each site.

In the laboratory, all macroinvertebrates were sorted from the debris, identified to the
genus level, and counted. The purpose of the professional samples was to make a
statistical comparison between the results of the volunteer samples and the results of the
professional samples at the same sites. The only numerical value that volunteers
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calculated for their samples was the SOS water quality rating score.  For comparison with
volunteer samples, we calculated one individual biotic index and one multimetric index
from the professional sample data.  The biotic index for the professional samples was the
modified Hilsenhoff Biotic Index (HBI), calculated by the following equation (Hilsenhoff
1987):

= ( n1a1))/ N∑
where, ni=the number of individuals in the ith taxon, ai=tolerance score of the ith taxon,
and N=total abundance.  Most of the fauna was identified to the genus level for the HBI.
“Modified” refers to the tolerance values being adjusted for the fauna in Virginia,
because the HBI was originally developed for Wisconsin streams.

The multimetric index that we calculated for the professional sample data was developed
for streams in the mid-Atlantic highlands (Smith and Voshell 1997, Voshell et al. 1997).
The MAIS was developed according to the framework proposed by Barbour et al. (1995)
and Barbour et al. (1996).  The MAIS score is calculated from the values of nine
individual metrics, all of which are based on family-level identifications:  % 5 dominant
taxa, modified Hilsenhoff biotic index, % haptobenthos (those organisms needing clean,
firm substrate), EPT index (Ephemeroptera, Plecoptera, and Trichoptera), #
Ephemeroptera taxa, % Ephemeroptera, Simpson diversity index, # intolerant taxa, and %
scrapers.  We used Microsoft Excel 97 SR-2 for storing data and calculating the HBI
and MAIS.

Statistical Analyses

For the concurrent samples, the initial statistical analysis consisted of comparing the
results of the volunteer samples with the results of the professional samples at the same
sites, assuming that the professional samples yielded the correct results.  We used
Pearson product-moment correlation analysis (Sall and Lehman 1996) to compare the
volunteer SOS water quality rating score to two numerical values calculated from the
professional samples (MAIS and modified HBI scores).  We determined a priori that the
r-value should be ≥0.70 for the volunteer and professional results to be considered
correlated.  This criterion was based on the coefficient of determination (r2), which is the
amount of variation explained by the data.  For biological field studies, 50% of the
variation should be explained, which equates to an r-value of 0.70 (Moore and McCabe
1993, Ramsey and Schafer 1997, Sokal and Rohlf 1969).  We also tested how well a line
fit the data to determine if the correlation was significant (∝ = 0.05).  There was a
potential problem that the two sets of results could be highly correlated, but the volunteer
results could still lead to the wrong conclusion about ecological condition.  To resolve
that question, we used classification analysis (Sall and Lehman 1996) to compare the
ecological condition category (acceptable or unacceptable conditions) determined by the
SOS water quality rating score to that determined by the MAIS score.  Both the SOS
water quality rating score and the MAIS score place streams in one of four ecological
condition categories.  For the SOS water quality rating score, these are excellent, good,
fair, and poor, whereas, for the MAIS the categories are designated very good, good,
poor, and very poor.  In both categorization schemes, the upper two categories are
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considered to represent acceptable ecological conditions and the lower two unacceptable
conditions.  We made an a priori decision that volunteer assessments of ecological
condition (acceptable, unacceptable) should agree with professional assessments at 86%
of the sites to be considered satisfactory.  This criterion was determined from a chi-
squared test in which the numbers of acceptable versus unacceptable determinations of
ecological condition from the professional samples were the expected frequency and the
numbers of acceptable versus unacceptable determinations of ecological condition from
the volunteer samples were the observed frequency (∝=0.05).  Volunteer determinations
must agree with professional determinations at 20 of the 23 sites (86%) in order for the
observed frequency to be not significantly different from the expected frequency.
McNemar’s test (∝ = 0.05) was used to determine if the proportion of sites showing
agreement in ecological condition between SOS water quality rating score and the MAIS
score was different from that showing disagreement (Stokes et al. 1995).

If volunteers made different assessments of ecological condition, it would be necessary to
determine if those differences were caused by the SOS water quality rating score per se
or the volunteer protocol for acquiring the data (sampling, identifying, counting).  To
answer this question, we calculated the SOS water quality rating score using data from
the professional samples.  Values for the SOS water quality rating scores for the two
types of samples (volunteer and professional) were compared with a paired t-test (Sall
and Lehman 1996).  The SOS water quality rating scores calculated from the professional
samples were also compared to the professional MAIS and modified HBI scores by the
same statistical techniques used for the original volunteer SOS water quality rating scores
(correlation, classification analyses, and McNemar’s test).

It was possible to do additional statistical analysis for the concurrent samples because the
volunteer samples were preserved and retained along with the professional samples.  We
re-identified and counted the organisms in the sample that the volunteers removed from
the net, which we referred to as the actual volunteer sample.  In addition, we identified
and counted any organisms that the volunteers left undiscovered on the net and combined
the results with the actual volunteer sample.  We referred to this corrected sample as the
potential volunteer sample.  In order to determine if samples collected by the Virginia
SOS were adequate, we calculated MAIS and modified HBI scores from the actual and
potential volunteer samples and used correlation analysis to compare them individually to
MAIS and modified HBI scores from the professional samples.  A correlation,
classification analysis, and McNemar’s test of the MAIS and modified HBI scores from
the actual volunteer samples to potential volunteer samples was also completed in order
to determine if volunteers were collecting enough organisms to make an accurate
assessment of ecological condition.  The final evaluations of the concurrent samples were
paired t-tests comparing the actual and potential volunteer samples to each other and to
the equivalent professional sample scores.

Similar analyses were done for the historical samples, except that there were not as many
possibilities without having the original samples or raw data.  Our analysis of the
historical data included a correlation, classification analysis, and McNemar’s test to
compare the volunteer water quality rating score to the professional MAIS score.  We
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Figure 5. Results of Pearson product-moment correlation analysis comparing SOS water quality
rating scores for volunteer samples to multimetric index (MAIS) scores and professional biotic
index (HBI) values for professional samples.  (A) and (C) Volunteer and professional samples
taken concurrently in 1998, (B) and (D) volunteer samples taken during preceding 5 years and
professional samples taken at same sites in 1998.

also calculated a SOS water quality rating score using the professional score, which we
compared to the volunteer water quality rating score.  Having only presence/ absence data
from volunteer original samples prohibited further analyses.

Results and Discussion

Analysis of the Existing Virginia SOS Protocol

The SOS water quality rating score determined from volunteer samples did not correlate
well with either the MAIS score or HBI value determined from professional samples
(Figure 5).  This lack of agreement was consistent for the concurrent samples and the
historical samples.  In all cases the r-values were below our target of 0.70.  The
relationship between the SOS water quality rating score and the HBI has a negative slope
because HBI values decrease as ecological condition increases.  Classification analysis
showed that different conclusions about ecological condition would be reached by the
SOS water quality ranking score calculated from volunteer samples and the MAIS score
calculated from professional samples (Table 2).  The findings from the concurrent
samples were supported by those from the historical samples, with the rate of agreement
between the conclusions from volunteer and professional samples below our criterion of
86% in both cases.  Classification analysis also revealed a clear pattern in the
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Table 2. Classification analysis comparing the conclusions about ecological condition based on
MAIS scores for professional samples to those based on SOS water quality rating scores for
volunteer samples. Concurrent professional and volunteer samples were taken in 1998, as well as
the professional samples for comparison to historical volunteer samples.  Historical volunteer
samples were taken during the preceding 5 years.  For the McNemar Test, ∝ = 0.05.

VA SOS Water Quality Rating Score
Concurrent Samples Historical Samples

Acceptable Unacceptable Acceptable Unacceptable
Acceptable 12 0 65 5

MAIS
Unacceptable 8 3 25 27
% Agreement 65% 75%

McNemar Test p-value 0.0082 0.0003

disagreement.  In the instances where the two protocols differed in their conclusions, the
SOS water quality rating score consistently concluded that ecological condition was
acceptable when the MAIS score concluded that ecological condition was unacceptable.
McNemar’s test revealed that the volunteer protocol significantly overrated water quality
(Table 2).  This means that the volunteer protocol would fail to detect degraded
ecological conditions in many instances where they exist.

These results required that we address the question of whether the discrepancy in
conclusions about ecological condition was caused by the data analysis done by
volunteers (SOS water quality ranking score per se) or the volunteer protocol for
acquiring the data (e.g., sampling, sorting, identifying, counting). We did this by
interchanging the numerical results and sampling protocols.  We calculated the single
score used by volunteers (SOS water quality rating score) for the professional samples,
then we calculated the professional multimetric index score (MAIS) and biotic index
value (HBI) for the samples taken by volunteers.  The taxonomic level was the same as
the original calculations for each measure: SOS water quality score mostly at the order
level, with a few common families; MAIS at the family level; and the HBI at the genus
level.

The results did not change when the SOS water quality rating score was recalculated for
the professional samples.  A paired t-test indicated that there was not a significant
difference between the SOS water quality rating scores recalculated for the professional
samples and the SOS water quality rating scores originally calculated for the volunteer
samples for the concurrent samples (p=0.1271).  A paired t-test indicated that there was a
difference between the SOS water quality rating scores recalculated for the professional
samples and the SOS water quality rating scores originally calculated for the volunteer
samples for the historical samples (p<0.0001).  The SOS water quality rating score
recalculated for professional samples did not correlate well with either the MAIS score or
HBI value determined from professional samples (Figure 6).  Again, this finding was
consistent for the concurrent samples and the historical samples, with all r-values below
our target of 0.70.  Classification analysis showed that different conclusions about
ecological condition were reached by the SOS water quality ranking score recalculated
for professional samples and the MAIS score calculated for professional samples (Table
3), both for the concurrent and historical samples.  The rate of agreement between the
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Figure 6. Results of Pearson product-moment correlation analysis comparing SOS water quality
rating scores that we calculated for professional samples to multimetric index (MAIS) scores and
professional biotic index (HBI) values for professional samples.  (A) and (C) professional
samples from concurrent sampling in 1998, (B) and (D) professional samples taken in 1998 at
sites previously sampled by volunteers.

conclusions was always below our criterion of 86%, the recalculated SOS water quality
rating score consistently overrated ecological condition, and McNemar’s test indicated
that the overrating of biological condition by the SOS protocol was significant (p < 0.05).

We then took the opposite approach by recalculating professional scores and values for
the volunteer samples retained from concurrent sampling and comparing them to the
original volunteer samples.  We did this separately for the actual volunteer samples and
the potential volunteer samples, the latter of which included the organisms they
overlooked in the samples (Table 4).  Paired t-tests revealed that a majority of the
professional numerical scores and values recalculated for volunteer samples did not differ

Table 3. Classification analysis comparing the conclusions about ecological condition based on
MAIS scores for professional samples to those based on SOS water quality rating scores that we
calculated for professional samples.  All professional samples were taken in 1998.  Historical
volunteer samples were taken during the preceding 5 years.  For the McNemar Test, ∝ = 0.05.

VA SOS Water Quality Rating Score
Concurrent Samples Historical Samples

Acceptable Unacceptable Acceptable Unacceptable
Acceptable 13 0 70 0

MAIS
Unacceptable 9 1 42 10
% Agreement 61% 65%

McNemar Test p-value 0.0027 <0.0001
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Table 4. Summary of results from correlation analyses comparing MAIS scores and HBI values
for professional samples to MAIS scores and HBI values that we calculated for volunteer
samples.  All data were from 1998 concurrent samples.  Actual samples consisted of the
organisms that the volunteers removed from the net.  Potential samples consisted of the actual
samples plus the organisms that we found remaining on the net after the volunteers finished
sorting.
Comparisons r-values p-values
MAIS for professional samples compared to MAIS for actual

volunteer samples
0.8561 0.7265

HBI for professional samples compared to HBI for actual volunteer
samples

0.8361 0.0006

MAIS for professional samples compared to MAIS for potential
volunteer samples

0.8033 0.2747

HBI for professional samples compared to HBI for potential
volunteer samples

0.8787 0.1694

MAIS for actual volunteer samples compared to MAIS for potential
volunteer samples

0.8712 0.0829

HBI for actual volunteer samples compared to HBI for potential
volunteer samples

0.8936 0.0056

significantly from the original calculations for professional samples (p > 0.05).  The
exception was the HBI value for the actual volunteer samples (p = 0.0006).  Comparisons
of the actual volunteer samples to the potential volunteer samples with paired t-tests
yielded similar results (Table 4).  The MAIS score was not significantly different
between actual and potential volunteer samples, whereas the HBI score was significantly
different.  We found that all of the possible comparisons of recalculated professional
scores and values for volunteer samples were highly correlated with those from the
original professional samples, with r-values well above our target of 0.70 (Table 4).
There was also strong correlation between the actual and potential volunteer samples for
the MAIS scores and HBI values (Table 4).  Classification analysis of decisions about
ecological condition based on recalculated MAIS values for volunteer samples and the
original professional samples indicated that the same conclusions were reached from both
samples (Tables 5 and 6).  This was true both for both the actual and potential volunteer
samples.  The rates of agreement approached or exceeded our target of 86%, and
McNemar’s test indicated that the volunteer protocol did not significantly over or under-

Table 5. Classification analysis comparing the conclusions about ecological condition based on
MAIS scores for professional samples to those based on MAIS scores that we calculated for
volunteer samples.  All data were from 1998 concurrent samples. Actual samples consisted of the
organisms that the volunteers removed from the net.  Potential samples consisted of the actual
samples plus the organisms that we found remaining on the net after the volunteers finished
sorting.  For the McNemar Test, ∝ = 0.05.

Actual Volunteer MAIS Potential Volunteer MAIS
Acceptable Unacceptable Acceptable Unacceptable

Acceptable 11 2 13 0
Unacceptable 1 9 2 8Professional MAIS
% Agreement 87% 91%

McNemar Test p-value 0.5637 0.1573
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Table 6. Classification analysis comparing the conclusions about ecological condition based on
MAIS scores that we calculated for potential volunteer samples to those based on MAIS scores
that we calculated for actual volunteer samples.  All data were from 1998 concurrent samples.
Actual samples consisted of the organisms that the volunteers removed from the net.  Potential
samples consisted of the actual samples plus the organisms that we found remaining on the net
after the volunteers finished sorting.  For the McNemar Test, ∝ = 0.05.

Actual Volunteer MAIS
Acceptable Unacceptable

Acceptable 11 4
Unacceptable 1 7

Potential Volunteer MAIS

% Agreement 78%
McNemar Test p-value 0.1797

rate ecological condition (p > 0.05).  The disagreements were more evenly split between
acceptable and unacceptable ecological conditions.

Based on these analyses, we decided that the SOS water quality ranking score was
responsible for the discrepancy in conclusions about ecological condition made by
volunteers and professional aquatic biologists.  The SOS water quality rating score did
not adequately distinguish impaired ecological conditions, even when applied to samples
taken by professional methods.  Conversely, the samples taken by volunteers were
adequate for judging impaired ecological conditions, as long as professional numerical
measures were calculated for the samples.  The SOS water quality rating score is not
rigorous enough to distinguish impaired ecological conditions because it is based solely
on the presence or absence of taxa, without consideration of their abundance.  By using
only the presence or absence of the different kinds of macroinvertebrates, the SOS water
quality rating score omits important information about the overall assemblage of
organisms in streams.  Because relative abundances are not included in the SOS water
quality rating score, all kinds of macroinvertebrates found in a sample are weighted
equally.  Thus, a single organism of a pollution-sensitive kind in a sample has the same
weight of evidence as hundreds of organisms belong to a pollution-tolerant kind.  One of
the principles of community ecology is that in relatively stable, natural, undisturbed
communities, there tend to be many kinds of organisms present with few individuals of
most kinds.  If a community is disturbed, either by natural events or human activities, the
resulting community usually comes to have fewer kinds of organisms with many more
individuals of the remaining kinds.  Those kinds that are adapted to exist in the changed
conditions flourish without so many competitors.  A simple metric based on the presence
or absence of taxa will miss the changes that reflect this principle of community ecology,
which is also one of the cornerstones of biomonitoring.  The Virginia SOS protocol has
an option for estimating categories of abundance for individual taxa: 0 to 10, 11 to 99,
and >100 organisms.  However, this option was only intended for use when the water
quality rating score was very close to the cutoffs for the various categories of ecological
condition.  While the volunteers we observed did estimate the abundances of individual
macroinvertebrate kinds, we never saw these abundances considered in the final
determination of ecological condition, and the SOS protocol provides no instructions on
when or how to do this.
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The volunteer protocol for acquiring data (sampling, sorting, identifying, and counting)
did not seem to be part of the explanation for why volunteers and professionals reached
different conclusions about ecological condition. Observations we recorded during the
concurrent sampling events indicated that all the volunteers were adhering to the
sampling and sorting methods in the Save-Our-Streams protocol.  The area in front of the
net was always thoroughly sampled down into the substrate, and all nets were placed on a
sheet or board upon removal from the stream so that any organisms that might crawl
through the net would be discovered.  The volunteers were thorough in their sorting of
both the net and the sheet below, stopping only when 100 organisms of a taxon were
collected or no new taxa were found.  The volunteers correctly identified the majority of
the taxa.  Their only taxonomic problem was differentiating flatworms from leeches.
However, both of these macroinvertebrates were in the same pollution tolerance category
for calculating the SOS Water Quality Rating Score, so this misidentification did not
produce erroneous conclusions about ecological condition.  The volunteers accurately
placed all taxa into their correct category of estimated abundance.

Modification of the Virginia SOS Protocol

We then proceeded to determine if the Virginia SOS protocol could be modified to bring
the conclusions about ecological condition made by volunteers into close agreement with
the conclusions made by professional aquatic biologists.  If this proved to be possible,
then it would be appropriate to use volunteer data for some regulatory purposes.  There
were two conspicuous modifications that would be likely to improve the accuracy of the
Virginia SOS protocol: (1) identify all of the macroinvertebrates to lower taxonomic
levels (at least to family) and (2) develop numerical analyses based on actual counts of
the different kinds of macroinvertebrates contained in the samples.

In addition to improved accuracy, there was an overriding consideration that any
modification of the Virginia SOS protocol must remain feasible for the volunteers who
presently participate in the program.  After discussions with volunteers and careful
thought, we dismissed the idea of having volunteers identify macroinvertebrates to lower
taxonomic levels.  Being able to correctly identify all macroinvertebrates to at least the
family level usually requires a college-level course or considerable experience, or both.
While groups in other states have had success with family-level identifications in
volunteer programs (IDNR 1998, C. Howells, Baltimore Department of Public Works,
personal communication, 1999), it has been accomplished by a division of labor among
the volunteers.  Most of the volunteers do field work to collect macroinvertebrate
samples, which are preserved and shipped to a few select volunteers with taxonomic
expertise.  The macroinvertebrates are later identified in a laboratory setting, where the
numerical results are also analyzed and conclusions about ecological condition are
reached.  As a result of our extensive interactions with Virginia SOS volunteers, we were
aware that they wanted to be involved with the entire process and they wanted to
continue to get immediate decisions on the ecological condition of sites before leaving.
We were convinced that attempting family-level identifications in the field with
volunteers would introduce excessive error into the program.  In addition, we knew from
our experience with macroinvertebrate biomonitoring that undesirable backlogs of
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preserved samples often occur.  Thus, we decided to continue to use mostly order-level
identifications that could be done in the field.

This decision meant that the only probable way to improve the accuracy of the Virginia
SOS protocol was to develop a numerical score based on actual counts of the different
kinds of macroinvertebrates in the samples.  Although the original SOS sampling method
did not cause the inaccurate conclusions about ecological condition, the sampling method
had to be changed somewhat to obtain estimates of relative abundance that were reliable
and feasible.  With the original SOS sampling method, volunteers did not sort and
identify all of the organisms that were captured on the kick screen.  They only looked at
the material on the net until they reached a certain number of organisms within a
taxonomic group, or until they thought they had stopped finding any different kinds of
organisms.   In order to make accurate estimates of the relative abundance of the different
kinds of macroinvertebrates, the entire contents of the sample collected by the volunteers
must be sorted and identified.  To only remove a predetermined number of the first
organisms encountered introduces an appreciable bias towards the larger and more active
macroinvertebrates.  However, the kick screen used according to the original SOS
protocol captured so many organisms that it would not be feasible to sort and identify all
of them in a timely fashion. The concurrent samples collected by volunteers in 1998
contained an average of approximately 1500 organisms (range 150 to >5000 organisms).
As a result, volunteers only sorted about 15% of the total organisms in the 1998
concurrent samples (range 4 to 41%).

The protocols recommended by the U. S. Environmental Protection Agency for rapid
bioassessment (Barbour et al. 1999) suggest taking standardized subsamples of large
macroinvertebrate samples.  Opinions are divided on the validity of using subsamples for
biomonitoring (Barbour and Gerritsen 1999, Courtemanch 1999, Vinson and Hawkins
1999).  We decided that subsampling would not be wise for volunteer monitoring because
it would add another aspect of training and introduce another possible source of error.
Various studies have reported that the required number of organisms in a sample to reach
accurate conclusions about ecological condition ranges from 100 to >300 (Barbour et al.
1999, Larsen and Herlihy 1998, Somers et al. 1998, Vinson and Hawkins 1996).  A
comparative analysis of different sample sizes in Virginia streams indicated that values
for most of the commonly used metrics become consistent when samples contain 200
organisms (Voshell, unpublished research).

Therefore, we designed a standardized protocol that would enable volunteers to obtain an
unbiased sample containing approximately 200 macroinvertebrates without subsampling.
Volunteers select an area in a riffle that has typical rocky substrate and average current
velocity for that riffle.  One person holds a standard SOS kick net on the bottom, and
another person thoroughly disturbs an area of approximately 0.1m2 with their hands in the
front of the net for 20 seconds.  The net is then brought to shore and spread on a white
sheet.  Volunteers sort the entire contents of the sample and keep a running tally of the
total number of organisms.  All organisms must be sorted, regardless of the total number.
If the total number of organisms is 200 or more, the sample is complete.  If there are less
than 200 total organisms, additional samples are taken by the same technique in other
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places with similar features in the same riffle.  Organisms from subsequent samples are
added to the previous ones until the composite contains at least 200 organisms. All
subsequent samples must be sorted in their entirety.  The maximum number of samples is
four.  For subsequent samples, the times can be increased or decreased, if desired, up to a
maximum of 90 seconds per net.

As with the original Virginia SOS protocol, organisms are identified in the field.  We
developed a field sheet with color illustrations to assist with identifications and to
facilitate recording counts accurately (Figure 7).  Volunteers identify most of the
arthropods to order and the other invertebrates to class.  Within the insects, three kinds
are identified to family.  These are Hydropsychidae (net-spinning caddisflies) in the order
Trichoptera and Chironomidae (non-biting midges) and Simuliidae (black flies) in the
order Diptera.  Within the class Gastropoda (snails and limpets), two subclasses are
distinguished: Prosobranchia (gilled snails) and Pulmonata (lunged snails).  The three
families of aquatic insects are commonly collected by volunteers and tend to be tolerant
of degraded ecological conditions, especially moderate eutrophication and organic
loading.    The lunged snails, commonly called left-handed snails because of the direction
of their spiral shell, are much more tolerant of low dissolved oxygen concentration
because they can also breathe from the atmosphere.

With true counts of the different kinds of macroinvertebrates, it was possible to calculate
a variety of metrics and a multimetric index for volunteer monitoring, as suggested for
data analysis and interpretation by the U.S. Environmental Protection Agency (1997).
The principle of multimetric indices is that individual metrics are combined to give a
single score that reflects ecological condition.  There are some caveats to using such an
index.  Some scientists are concerned that not enough is known about how individual
metrics respond to impairment, what impairment they respond to, and if metrics applied
to differing life stages respond differently to an impairment (Norris 1995).  In addition,
volunteers have to complete more calculations to arrive at a final score.  However, the
benefits of using a multimetric index outweigh the possible concerns.  Multimetric
indices, once developed, offer a cost-effective way to analyze data in a way that
incorporates much ecological information and leads to an accurate final score that is
easily understood by professionals and volunteers alike (Barbour et al. 1999, Norris 1995,
U. S. Environmental Protection Agency 1997).  Professionals can get an idea of the type,
and possibly source, of impairment by interpreting the information within a multimetric
index.

We generally followed the stepwise framework suggested by Barbour et al. (1995) and
Barbour et al. (1996) to develop a multimetric index for use by volunteers in the Virginia
SOS program.  This multimetric index was developed as much as possible with the data
from the 145 professional samples taken in rocky-bottomed streams throughout western
Virginia in 1998.  Then we finalized the development of the new multimetric index and
validated it with the data from the 23 professional and volunteer samples taken
concurrently in 1999.  The first step in the process was to evaluate all metrics that were
feasible for volunteers to calculate, then choose a subset of the best ones.  Feasible meant
that it was possible to calculate the metric from samples that were identified mostly to the



Virginia Save-Our-Streams Macroinvertebrate Tally Sheet

Illustrations from: Voshell, J. R., Jr. 2001. A Guide to Common Freshwater Invertebrates of
North America. MacDonald and Woodward Publishing Co. With permission of the author.

Macroinvertebrates Tally Count
Worms

Flatworms

Leeches

Crayfishes

Sowbugs

Scuds

Stoneflies

Mayflies

Dragonflies and
Damselflies

Hellgrammites, Fishflies,
and Alderflies

Macroinvertebrates Tally Count
Common Netspinners

Most Caddisflies

Beetles

Midges

Black Flies

Most True Flies

Gilled Snails

Lunged Snails

Clams

Other

Total number of organisms in the
sample
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Individual Metrics

Metric Number Total number of
organisms in the sample

Percent

Mayflies + Stoneflies + Most
Caddisflies

Divide by Multiply
by 100

Common Netspinners Divide by Multiply
by 100

Lunged Snails Divide by Multiply
by 100

Beetles Divide by Multiply
by 100

% Tolerant
Taxon Number

Worms

Flat Worms

Leeches

Sowbugs

Scuds

Dragonflies and Damselflies

Midges

Black Flies

Lunged Snails

Clams

Total Tolerant

Total tolerant divided by the total
number of organisms in the sample
Multiply by 100

% Non-Insects
Taxon Number

Worms

Flatworms

Leeches

Crayfishes

Sowbugs

Scuds

Gilled Snails

Lunged Snails

Clams

Total Non-insects

Total Non-insects divided by the total
number of organisms in the sample
Multiply by 100
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Save-Our-Streams Multimetric Index
Determine whether each metric should get a score of 2,1, or 0.  Write your metric value
from the previous page in the 2nd column (Your Metric Value).  Put a check in the appropriate
boxes for 2,1, or 0.  Then calculate the subtotals and Save-Our-Streams Multimetric Index
score and determine whether the site has acceptable or unacceptable ecological condition.
Metric Your Metric

Value
2 1 0

% Mayflies + Stoneflies +
Most Caddisflies

Greater than 32.2 16.1 – 32.2 Less than 16.1

% Common Netspinners Less than 19.7 19.7 – 34.5 Greater than
34.5

% Lunged Snails Less than 0.3 0.3 – 1.5 Greater than 1.5

% Beetles Greater than 6.4 3.2 – 6.4 Less than 3.2

% Tolerant Less than 46.7 46.7 – 61.5 Greater than
61.5

% Non-insects Less than 5.4 5.4 – 20.8 Greater then
20.8

Total # of 2s: Total # of 1s: Total # of 0s:

Subtotals:

Multiply by 2: Multiply by 1: Multiply by 0:

Now add the 3 subtotals to get the Save-Our-Streams Multimetric Index score:__________________

_____Acceptable ecological condition(7 to 12)           _____Unacceptable ecological condition(0 to 6)

Figure 7. New field sheets developed for use in the modified Virginia Save-Our-Streams
protocol.  (A) Sheet for identifying macroinvertebrates and recording counts, (B) sheet for
calculating individual metrics, (C) sheet for calculating new SOS multimetric index and
determining the category of ecological condition..
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order level.  We defined best metrics as those that had low variability within reference
streams, but exhibited distinguishable, predictable changes in their values for streams
known to be impaired.  The list of metrics began with the 69 that were evaluated by
Smith and Voshell (1997).  We added several other original metrics that we thought
might be of interest.  Twenty-four metrics were deemed feasible for volunteers to
calculate (Table 7).  Among these was the Citizen Biotic Index, which is an original,
order-level index based on the Hilsenhoff Biotic Index.  The order/select family level
tolerance values used in the new biotic index, as well as other tolerance based metrics,
ranged from 1 to 10 with 1 being the most tolerant.  These tolerance values for higher
taxonomic levels were modified by best professional judgement from a database of
genus-level tolerance values that has been developed during two decades of pollution
studies in Virginia streams (Voshell unpublished research).

The effectiveness of these metrics was analyzed using all professional data from both the
historical resampling of volunteer sites as well as the 1998 concurrent sampling events.
The sites were divided into reference (acceptable) and impaired (unacceptable) ecological

Table 7.  List of feasible metrics for use with volunteer data. For expected response to
perturbation, - = decrease in value and + = increase in value, EPT = Ephemeroptera, Plecoptera,
and Trichoptera, CV = Coefficient of Variation., a = 15 candidate metrics for possible aggregation
into a multimetric index, b = 6 final choices for metrics to be aggregated into a multimetric index.
Metric Response to

Perturbation
Reference

Mean
Reference

CV
Impacted

Mean
Impacted

CV
Separation

Statistic
% Amphipoda + 0.02 398.79 0.56 357.41 0.41
% Bivalves - 0.55 314.97 0.34 223.30 -0.15
% Chironomidaea + 13.06 61.48 35.89 55.10 1.59
Citizen Biotic Indexa - 6.61 11.43 4.79 22.30 -2.00
% Coleopteraab - 15.48 77.60 8.47 126.67 -0.61
Coleoptera/(Coleoptera +
Hydropsychidae)a

- 0.52 49.62 0.34 93.31 -0.62

% Crustacea + Mollusca ???? 1.49 201.92 3.68 271.39 0.32
% Diptera -Chironomidae - 7.44 101.89 7.15 141.19 -0.03
% Ephemeropteraa - 32.03 47.56 14.90 116.40 -1.05
% EPTa - 56.72 25.07 36.82 60.89 -1.09
EPT/(EPT +
Chironomidae)a

- 0.81 14.63 0.50 49.12 -1.71

% EPT –
Hydropsychidaeab

- 43.52 36.51 18.66 97.69 -1.46

% Prosobranchia - 3.31 206.93 1.03 267.40 -0.41
% Hydropsychidaeab + 13.20 73.77 18.16 96.70 0.36
Hydropsychidae/
Trichopteraa

+ 71.98 35.76 82.65 35.50 0.39

% Intoleranta - 64.44 25.30 31.10 61.66 -1.88
% Isopoda + 0.06 456.88 3.82 326.01 0.46
% Pulmonataab + 0.27 225.54 1.56 380.48 0.33
% Non-insectsab + 4.89 159.69 10.90 144.98 0.50
% Oligochaeta + 0.45 260.62 3.05 208.58 0.61
% Plecoptera - 6.39 159.61 0.78 304.55 -0.70
% Gastropoda ???? 3.58 195.34 2.59 249.21 -0.15
% Tolerantab + 35.56 45.86 68.90 27.82 1.88
% 1 Dominanta + 30.30 45.04 46.32 33.62 1.10



24

Figure 8.  Box plot method (Barbour et al. 1996) used to standardize metrics into unitless scores
for aggregation into the new Virginia SOS multimetric index.

condition based on the MAIS scores for professional samples (≥13 acceptable, ≤12
unacceptable).  The mean and coefficient of variance for all 24 metrics were calculated
separately for the reference and impaired sites, and a separation statistic was calculated
that compared reference and impaired sites.  Our criteria for metrics being effective at
distinguishing ecological condition were: coefficient of variation <50% and separation
statistic >1or <-1  In addition to these statistical criteria, we considered the ecological
information contained in the metrics.  Although statistical performance was given the
highest priority, we tried to include metrics that provided a variety of meaningful
information about the structure and function of the benthic community. This produced a
total of 15 candidate metrics for possible inclusion in the Virginia SOS multimetric index
(Table 7).

The various metrics that might be selected for a multimetric index have different ranges
of values and even different directions of responses.  Metrics cannot be combined until
they have been standardized to have the same possible range of values and directions of
responses.  Unlike metrics were combined by standardizing the individual metrics as
unitless scores of 2, 1, and 0.  The highest score was assigned to indicate a close
approximation of reference condition, then consecutively lower scores were assigned to
progressively lower metric values indicating impaired conditions.  This was
accomplished by producing a boxplot of each metric for all 1998 professional data from
reference sites (Figure 8), following the methods of Barbour et al. (1996).  For metrics
that decrease in value when perturbation occurs (Table 7), values in the second quartile
and above were assigned a score of 2 (Figure 8).  Metric values from the second quartile
to the minimum possible value were divided in half, and those values in the upper half
were assigned a score of 1 while those in the lower half were assigned a score of 0.  For
metrics that increase in value with perturbation (Table 7), the procedure was reversed.
Metric values in the first three quartiles were assigned a score of 2 (Figure 8).  Metric
values from the third quartile to the maximum possible value were divided in half, and
those values in the lower half were assigned a score of 1 while those in the upper half
were assigned a score of 0.
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After transforming the values of the 15 individual candidate metrics into standardized
unitless scores, 20 selected groups of these metrics were aggregated into different
multimetric indices by summing the scores of the individual metrics.  Each of the 20
aggregations contained 5 to 10 individual metrics from the list of 15 candidate metrics.
The potential aggregations were chosen so that a variety of ecological information would
be contained in the metrics, with as little redundancy as possible. In addition, it was
desirable for the Virginia SOS multimetric index to have some metrics that increased in
value with impairment as well as some that decreased in value with impairment.  This
would make the multimetric index more effective for correctly assessing the ecological
condition of both pristine and highly impaired waters.

At this point in the analyses, we switched to the data from concurrent sampling in 1999
because those were the only volunteer samples taken by the modified sampling method.
The sites were again divided into reference (acceptable) and impaired (unacceptable)
ecological condition based on the MAIS scores for professional samples (≥13 acceptable,
≤12 unacceptable), as had been done for the 1998 samples.  However, in 1999 we
enlisted the aid of professional biologists in the Virginia Department of Environmental
Quality (DEQ) to review our decisions about reference versus impaired ecological
conditions at the 23 sites.  In order for any volunteer monitoring program to be
successful, it must reach the same conclusions as the government agencies designated
with regulatory authority.  DEQ biologists use MAIS scores as part of their
bioassessments, but they also incorporate physical and chemical measurements and
information on permitted discharges and land use.  Most importantly, DEQ biologists
have many years of experience and have visited these streams over a long period of time.
Our assessments of ecological condition agreed with those of the DEQ biologists for 19
of the 23 sites, and we gave priority to the their conclusions for the other 4 sites.

The essential element in the Virginia SOS multimetric index had to be a numerical
threshold for acceptable versus unacceptable ecological condition.  We determined this
threshold the same way as Smith and Voshell (1997), which was to average the
multimetric index mean for reference sites and the multimetric index mean for impaired
sites.  This approach is based on the classification cutoff from linear discriminant
analysis.  For the final selection of the suite of metrics to be combined into a Virginia
SOS multimetric index, we determined which aggregation of volunteer metrics best
agreed with the conclusions about ecological condition reached by using the MAIS and
the experience of professional biologists.  This was done by the same correlation and
classification procedures used in the original analysis of the Virginia SOS water quality
rating score.

Several aggregations of the candidate metrics produced multimetric indices that
correlated well with MAIS scores and assessed ecological condition similarly to
professional biologists (Table 8).  We decided that the best multimetric index for the
Virginia SOS program was the one composed of the following six metrics: % tolerant, %
EPT-Hydropsychidae, % Hydropsychidae, % Pulmonata, % Non-insects, and %
Coleoptera.  The Pearson product-moment correlation between this multimetric index and
the professional MAIS resulted in an r-value of 0.6923 (Figure 9), which was only
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Table 8. Summary of statistical analysis of possible multimetric indices for volunteer samples that
correlated most closely with MAIS values for professional samples and agreed most closely with
assessments of ecological condition made by professional biologists.  All data were from 1999
concurrent samples.

Correlation
Analysis

Classification
Analysis

Aggregation of Metrics Acceptable
Scores

Unacceptable
Scores

r-value % Agreement

6 metrics: % Tolerant, % EPT-
Hydropsychidae, % Hydropsychidae,
% Pulmonata, % Non-insects, and
% Coleoptera

7 - 12 0 - 6 0.6923 96%

8 metrics: % Tolerant, % EPT-
Hydropsychidae, % Hydropsychidae,
% Pulmonata, % Coleoptera/
(Coleoptera+Hydropsychidae),
Hydropsychidae/Trichoptera,
% Non-Insects, and % Coleoptera

9-16 0-8 0.6933 91%

7 metrics: % Tolerant, % EPT-
Hydropsychidae, % Hyrdopsychidae,
% Pulmonata, % Coleoptera/
(Coleoptera+Hydropsychidae),
% Non-insects, and % Coleoptera

8-14 0-7 0.6910 91%

5 metrics: % Tolerant,
% Hydropsychidae, Coleoptera/
(Coleoptera+Hydropsychidae),
% Non-Insects, and % Coleoptera

6-10 0-5 0.6914 87%

narrowly below our a priori criterion of 0.70 (p=0.0003).  The classification analysis
comparing this multimetric index’s assessment of ecological condition to those of
professional biologists indicated that the two methods came to the same conclusion
95.7% of the time (Table 9).  This was well above our criterion of 86%, and McNemar’s
Test indicated that the volunteer protocol did not significantly over or under-rate
ecological condition (p=0.3173).

In addition to good statistical agreement between the new SOS volunteer multimetric
index and professional approaches, the individual metrics that comprise the volunteer
multimetric index contain meaningful ecological information about the structure and
function of the benthic community.  The % Tolerant metric is based on numerical values
that characterize the general ability of the various taxa to withstand pollution or other
environmental stress.  In the data analysis technique that we developed, these numerical
values range from 1 to 10, with 1 being the most tolerant.  We consider values ≤5 to
reflect taxa that can withstand a great deal of stress and probably not be eliminated from
the benthic community.  Thus, if the proportion of organisms belonging to taxa with
tolerance values ≤5 increases appreciably, this is a reliable sign that the stream may be
affected by pollution.
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Figure 9. Results of Pearson product-moment correlation analysis comparing new SOS
multimetric index scores to professional MAIS scores.  Data were from concurrent volunteer and
professional samples taken in 1999.

EPT is an abbreviation for Ephemeroptera (mayflies), Plecoptera (stoneflies), and
Trichoptera (caddisflies), which are three orders of aquatic insects that are common in
streams.  Almost all species in these orders are sensitive to pollution.  Hydropsychidae is
a common family of Trichoptera that is considerably different by being facultative to
pollution.  Therefore, the percentage of organisms belonging to these three orders, minus
the facultative Hydropsychidae, will be high in undisturbed streams but will become
lower if pollution is introduced.

The % Non-insects metric responds in the opposite direction.  Most of the invertebrates
other than insects that are commonly collected in streams by volunteers are Turbellaria
(flatworms), Oligochaetes (aquatic earthworms), Hirudinea (leeches), Isopoda (aquatic
sow bugs), Amphipoda (scuds), and Decapoda (crayfishes).  Almost all of the species in
these groups range from being tolerant to facultative to pollution, so high percentages of
these organisms are indicative of impaired ecological conditions.

The % Pulmonata metric provides information about the level of dissolved oxygen,
which usually decreases for certain types of pollution, such as organic wastes or
nutrients.  The class Gastropoda (snails and limpets) is divided into two subclasses

Table 9. Classification analysis comparing the conclusions about ecological condition based on
MAIS scores for professional samples to those based on the new Virginia SOS multimetric index
for volunteer samples.  All data were from 1999 concurrent samples.  For the McNemar Test, ∝ =
0.05.

Virginia SOS multimetric index
Acceptable Unacceptable

Acceptable 14 1
Professional MAIS

Unacceptable 0 8
% Agreement 95.7%

McNemar Test p-value 0.3173
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according to how they breathe, Prosobranchia (gilled snails) and Pulmonata (lunged or
pouch snails).  Pulmonata can breathe from a body cavity that they refill with air, so they
do not depend on dissolved oxygen being present in the water.  In polluted waters with
little dissolved oxygen, Pulmonata often become very abundant because there is a great
deal of organic matter for food and little competition from other invertebrates.
Volunteers can easily recognize the most common kinds of Pulmonata because the
opening of the spiral shell is on the left side when the narrow end is held up (commonly
referred to as left-handed snails).

The remaining two metrics, % Hydropsychidae and % Coleoptera are based on
taxonomic composition, but they also provide information on trophic dynamics and
movement habits.  Hence, these metrics provide insight into the ecological function of the
community, as well as its structure.  Hydropsychidae (common net spinner caddisflies)
feed by constructing fine mesh nets out of silk, which they position in current to filter
particles of detritus and algae from the water.  When streams are polluted with moderate
amounts of organic wastes or nutrients (various ions of phosphorus and nitrogen), the
amount of organic matter suspended in the water increases.  This provides additional food
for the filter-feeding Hydropsychidae, and their populations increase accordingly.
Volunteers can easily identify Hydropsychidae, and a high percentage of these organisms
is a reliable indicator of organic loading or eutrophication.

The aquatic Coleoptera (beetles) that are most often collected by volunteer stream
monitors are members of two families, Psephenidae (water pennies) and Elmidae (riffle
beetles).  Members of both families feed by scraping algae that is tightly attached to rocks
and other firm substrates in shallow areas of flowing water.  Under natural conditions,
there is a very thin layer of healthy, nutritious algae cells growing on the substrate, so
these scrapers are able to cling to the substrate without being swept away by the swift
current and obtain a nourishing diet.  When streams become polluted, the layer of algae
often becomes thick and contains cells that are dead or dying.  The thick layer of soft,
slimy algae prevents scrapers from being able to hold on to the substrate in swift current,
and the algae that is present is not nearly as nutritious.  The end result is that the
percentage of scrapers decreases when streams become polluted because of changes in
the algae growing on the solid substrate, and the % Coleoptera metric provides volunteers
a reliable way to track that effect.

Discussion

Using bioassessments performed by volunteers for the authorized purposes of regulatory
and natural resource agencies is a matter that should not be taken lightly.  There can be
important outcomes of these activities, some of which would not be desirable.  If
volunteers conclude that a stream is impaired, when in truth it is not, regulatory actions
can be triggered that will waste the time and meager budget of professional biologists, as
well as cause significant negative socioeconomic impacts.  If volunteers conclude that a
stream has acceptable ecological conditions, when in truth it is impaired from human
activities, the problem will likely worsen and cause significant damage to the
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environment that could have been avoided by accurate early detection.  Thus, the
consequences of inaccurate volunteer biomonitoring may be worse than not making any
official use of volunteer data.  However, our study has shown that this does not have to
be the case.

The original Virginia Save-Our-Streams program that was the subject of this study
consistently overrates the ecological condition of streams.  In a statistically significant
number of instances (∝ = 0.05), professional measures of ecological condition revealed
that streams classified as being acceptable by the SOS protocol were actually impaired.
Conversely, volunteers using the SOS protocol never classified a stream as impaired that
was not really impaired.  Although we only analyzed one volunteer biomonitoring
program, our results are probably broadly applicable because many programs use almost
the same protocol.  Most common protocols are based on presence or absence of kinds of
benthic macroinvertebrates that are identified only to higher taxonomic levels (classes,
orders, a few select families) and divided into three pollution tolerance categories
(sensitive, somewhat sensitive or facultative, tolerant).  Every volunteer biomonitoring
program that is based on a similar protocol is very likely to overrate the ecological
condition of streams and fail to differentiate impaired waters.  Well-meaning, dedicated
volunteers do not necessarily produce valid scientific results by carefully adhering to a
biomonitoring protocol that has been promulgated for their use.  Volunteer biomonitoring
protocols must be analyzed in detail and compared with appropriate statistical techniques
to confirm that they reach the same conclusions as the professional protocols being used
by government agencies in an area.  Without rigorous validation studies, professional
biologists will always be skeptical, and justifiably so, about the results of volunteer
biomonitoring programs.

This study should serve as an example of how volunteer biomonitoring programs can be
modified and validated to provide reliable data that are consistent with the results of
professional biologists and suitable for making the basic assessment of whether a stream
is impaired or not.  We found that the essential modification was to calculate an
assortment of ecologically meaningful metrics based on numbers of organisms belonging
to each kind of macroinvertebrate, rather than just presence or absence of the kinds.  In
order to do this, it was necessary to make the sampling protocol more quantitative so that
unbiased counts of the number of individual organisms in each kind were obtained.  It
was not necessary to identify the organisms to lower taxonomic levels.  In fact, our
recommended protocol involves less family-level identifications than the original SOS
protocol.  Also, it was not necessary to use a net with a finer mesh.  We found that a
multimetric index, which aggregates a group of individual metrics into a single score,
correlated well with a professional multimetric index and the conclusions about
ecological condition agreed very closely with those made by professional aquatic
biologists. Finally, we demonstrated that the modified Virginia SOS protocol was
feasible for volunteers currently participating in the program.  However, it is only the
process of this study that should be used by other volunteer monitoring programs.  The
specific protocol that emerged from this study should not be automatically adopted as a
standard method for volunteer biomonitoring everywhere.  The modified Virginia SOS
protocol is probably valid in wadeable, rocky-bottom streams in the mid-Atlantic region
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of the eastern United States, but volunteer programs in other areas need to do thorough
validation studies, such as outlined here.  Certain elements of our results may be useful in
other areas.  In Table 8, there are three other aggregations of metrics that performed
almost as well as the one we chose.  Some of the other 24 feasible metrics listed in Table
7 may be useful, especially the 15 candidate metrics that exhibited favorable statistical
properties in our study.

Regardless of how effective a volunteer biomonitoring protocol proves to be in a
validation study, there must be an adequate quality assurance / quality control plan to
guarantee that the protocol is consistently adhered to by all participating volunteer
groups.  Volunteers should be certified by training and testing before conducting
bioassessments, and periodic recertification should be required, perhaps every 2 or 3
years.  All participants should be required to preserve at least 10% of their samples each
year to have their identifications checked by a professional biologist, or at least a very
experienced volunteer.

If volunteer biomonitoring programs are carefully analyzed, modified where necessary,
validated, and then strictly adhered to, professional biologists and others in regulatory
and natural resource agencies should accept the results, be confident about using them,
and be grateful for the assistance.  The work of volunteer biomonitoring programs is not
intended to take the place of professional biologists.  The advanced training and career
experience of professional biologists are necessary for many aspects of biomonitoring,
such as documenting the cause of impairment, quantifying effects, and developing plans
to solve problems.  In addition, there are many instances when purely numerical results
do not produce straightforward interpretations because streams are such complex natural
ecosystems.  In these instances, issues have to be resolved by relying on some degree of
best professional judgement, which is only reliable from experienced professional
biologists.  However, we have shown that volunteers can reliably assess whether the
ecological condition of a stream is impaired or not, if a sound protocol is developed
according to scientific principles.  This proven ability of volunteers should be used to the
fullest extent to assess the ecological condition of the vast reaches of streams that need
attention.  This would provide professional biologists more time to accomplish the
scientific activities that only they are qualified for.  A mutualistic arrangement between
volunteers and professionals would seem to be the only way that streams are going to
receive appropriate environmental stewardship.
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Site information
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Stream County Latitude/
Longitude

Volunteer
Sample Date

Professional
Sample Date

1998 & 1999
Concurrent
Sampling Date(s)

Accotink Creek Fairfax 38°45’42”

77°12’28”

27 August 1997 18 August 1998

Accotink Creek Fairfax 38°49’58”

77°13’14”

13 August 1997 18 August 1998

Accotink Creek Fairfax 38°50’45”

77°14’14”

11 June 1995 18 August 1998

Beaver Dam Creek Washington 36°38’02”

81°47’28”

9 October 1999

Big Rocky Run Fairfax 38°51’11”

77°25’56”

25 June 1995 20 August 1998

Big Walker Creek Giles 37°16’41”

80°41’24”

1 August 1998

Big Walker Creek Giles 37°11’41”

80°48’59”

28 October 1994 29 July 1998

Blacks Run Rockingham 38°22’42”

78°55’40”

20 October 1997 4 August 1998

Blacks Run Rockingham 38°24’08”

78°54’01”

2 June 1998 4 August 1998

Bratton’s Run Rockbridge 37°56’58”

79°33’24”

17 June 1997 6 August 1998

Buck Mountain
Creek

Albermarle 38°09’18”

78°32’21”

19 July 1997 2 September 1998

Buffalo Creek Rockbridge 37°43’44”

79°29’01”

14 September
1997

6 August 1998 28 October 1998

Buffalo Creek Rockbridge 37°42’42”
79°28’10”

4 November 1998

Byers Branch Augusta 38°16’51”
78°57’48”

26 October 1996 5 August 1998 24 October 1998;
21 November 1999

Cedar Run Montgomery 37°11’43”
80°22’00”

22 October 1994 22 July 1998

Cedar Run Branch Wythe 36°56’28”
81°04’23”

29 April 1996 21 July 1998

Claytor Lake Trib Pulaski 37°01’38”
80°38’58”

21 September
1996

29 July 1998 6 December 1999

Clinch River Trib Tazewell 37°07’09”
80°34’32”

27 April 1996 21 July 1998

Coal Creek Tazewell 37°05’25”
81°51’25”

1 October 1998

Connelly’s Run Montgomery 37°07’44”
80°33’44”

25 June 1995 7 July 1998

Connelly’s Run Montgomery 37°07’15”
80°33’23”

14 May 1994 7 July 1998

Connelly’s Run Montgomery 37°07’07”
80°32’59”

6 February 1994 7 July 1998

Connelly’s Run Montgomery 37°07’05”
80°32’20”

14 May 1994 7 July 1998
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Stream County Latitude/
Longitude

Volunteer
Sample Date

Professional
Sample Date

1998 & 1999
Concurrent
Sampling Date(s)

Connelly’s Run Montgomery 37°08’09”
80°34’02”

6 October 1998

Cooks Creek Rockingham 38°25’10”
78°56’19”

27 October 1996 4 August 1998

Crab Creek Montgomery 37°08’31”
80°24’15”

12 November
1994

7 July 1998

Craig Creek Montgomery 37°20’09”
80°19’26”

24 June 1994 10 July 1998

Craig Creek Montgomery 37°20’12”
80°19’35”

27 October 1996 10 July 1998

Crooks Branch Fairfax 38°50’50”
77°14’35”

23 August 1997 18 August 1998

Cunningham Creek Fluvanna 37°51’10”
78°16’14”

10 August 1997 3 September 1998

Den Creek Montgomery 37°10’11”
80°21’01”

26 March 1995 13 July 1998

East River Giles 37°22’09”
80°52’02”

19 June 1997 29 July 1998

Elliot Creek Montgomery 37°06’09”
80°20’05”

23 August 1997 13 July 1998

Elliot Creek Montgomery 37°06’15”
80°19’56”

22 June 1998 13 July 1998

Elliot Creek (Dry
Branch)

Montgomery 37°06’19”
80°19’52”

24 June 1998 13 July 1998

Flatwoods Branch Montgomery 37°14’19”
80°16’43”

8 October 1999

Glade Creek Roanoke 37°16’58”
79°54’09”

1 February 1997 20 July 1998

Greasy Creek Trib Floyd 36°51’46”
80°27’54”

24 October 1994 16 July 1998

Hay’s Creek Rockbridge 37°53’53”
79°24’18”

25 July 1998 3 August 1998 6 November 1999

Holman’s Creek Shanandoah 38°42’51”
78°45’22”

23 October 1998

Holman’s Creek Shanandoah 38°42’11”
78°40’56”

23 October 1998

Jackson River Bath 38°01’42”
79°54’03”

23 November
1997

5 August 1998

Jennings Creek Bath 37°32’03”
79°37’18”

7 March 1998 31 July 1998

Kerr’s Creek Rockbridge 37°51’03”
79°29’31”

27 September
1997

3 August 1998

Levisa River Buchanan 37°12’41”
82°00’17”

1 October 1998

Little River Floyd 36°59’56”
80°31’11”

3 October 1998; 12
November 1999

Little River Trib Pulaski 37°02’46”
80°34’11”

8 July 1997 22 July 1998

Little Stoney Giles 37°30’14”
80°35’52”

9 November 1997 15 July 1998

Long Glade Creek Augusta 38°16’54”
79°04’22”

13 September
1996

5 August 1998

Long Glade Creek Augusta 38°20’39”
79°01’14”

23 October 1996 4 August 1998
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Stream County Latitude/
Longitude

Volunteer
Sample Date

Professional
Sample Date

1998 & 1999
Concurrent
Sampling Date(s)

Long Meadow Run Rockingham 38°38’04”
78°44’54”

23 October 1998

Lost Bent Creek Floyd 37°58’06”
80°28’35”

4 August 1997 16 July 1998

Mason Creek Roanoke 37°18’56”
80°01’54”

13 October 1996 20 July 1998

Maury River Rockbridge 37°40’55”
79°24’52”

23 May 1996 31 July 1998

Maury River Rockbridge 37°47’22”
79°24’57”

14 September
1997

6 August 1998

Maury River Rockbridge 37°45’05”
79°23’31”

2 July 1998 31 July 1998

Meadow Creek Albermarle 38°02’42”
78°27’47”

26 June 1997 3 September 1998 8 November 1999

Meadow Run Floyd 37°01’55”
80°10’14”

24 October 1995 16 July 1998

Meadow Run Floyd 37°03’42”
80°10’01”

28 October 1994 16 July 1998

Mechum River Albermarle 38°06’10”
78°35’36”

7 August 1997 2 September 1998

Mechunk Creek Fluvanna 37°56’13”
78°18’23”

29 June 1997 3 September 1998 8 October 1998

Middle River Augusta 38°13’47”
79°00’21”

4 November 1998

Middle River Augusta 38°13’23”
79°06’25”

30 August 1997 5 August 1998

Middle River Augusta 38°10’27”
79°10’53”

30 August 1997 5 August 1998

Middle River Augusta 38°04’08”
79°15’52”

30 August 1997 5 August 1998

Mill Creek Montgomery 37°15’43”
80°20’26”

10 October 1993 10 July 1998

Moorman’s River Albermarle 38°08’27”
78°33’22”

9 November 1996 2 September 1998 8 November 1999

Mossy Creek Augusta 38°21’28”
79°01’52”

17 July 1998 4 August 1998 24 October 1998

Murray Run Roanoke 37°14’48”
79°58’50”

12 July 1997 20 July 1998

Murray Run Roanoke 37°15’22”
79°58’22”

5 September 1997 20 July 1998

Naked Creek Rockbridge 38°18’10”
78°57’53”

13 November 1999

North Fork
Roanoke River

Montgomery 37°11’18”
80°21’06”

7 November 1999

North Fork
Roanoke River

Montgomery 37°12’46”
80°21’41”

26 April 1998 10 July 1998

North Fork
Roanoke River

Montgomery 37°13’45”
80°21’47”

3 November 1996 13 July 1998

North River Rockingham 38°22’40”
78°58’42”

25 January 1997 4 August 1998

Old Field Creek
Trib

Floyd 36°55’50”
80°18’40”

7 November 1994 16 July 1998

Paint Bank Branch
Trib

Craig 37°33’16”
80°14’51”

20 November 1999
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Stream County Latitude/
Longitude

Volunteer
Sample Date

Professional
Sample Date

1998 & 1999
Concurrent
Sampling Date(s)

Pass Run Page 38°42’28”
78°27’02”

23 August 1997 4 August 1998

Peak Creek Pulaski 37°02’50”
80°47’04”

7 July 1995 21 July 1998 6 December 1999

Pedlar River Amherst 37°34’43”
79°15’47”

13 November 1999

Pine Creek Floyd 36°55’53”
80°16’48”

14 November
1994

16 July 1998

Pohick Creek Fairfax 38°45’47”
77°13’58”

30 August 1997 18 August 1998

Pohick Creek Fairfax 38°45’25”
77°13’37”

30 August 1997 18 August 1998

Poverty Creek Montgomery 37°13’59”
80°31’30”

2 August 1995 6 July 1998

Poverty Creek Montgomery 37°15’08”
80°31’26”

24 October 1995 6 July 1998

Rivanna River Fluvanna 37°51’25”
78°15’59”

29 June 1997 3 September 1998 7 October 1998

Rivanna River Fluvanna 37°45’49”
78°11’07”

12 July 1997 3 September 1998

Rivanna River
(North Fork)

Albermarle 38°05’16”
78°24’46”

23 July 1997 3 September 1998 9 October 1998

Rivanna River
(South Fork)

Albermarle 38°05’54”
78°26’49”

22 June 1997 3 September 1998

Rivanna River Albermarle 38°02’30”
78°27’14”

9 October 1998

Rivanna River Albermarle 38°09’49”
78°25’31”

19 July 97 2 September 1998

Roanoke River Roanoke 37°14’52”
80°10’29”

9 August 1997 20 July 1998

Sideburn Branch Fairfax 38°47’49”
77°17’47”

7 September 1997 18 August 1998

Sideburn Branch
Trib

Fairfax 38°47’45”
77°18’29”

14 June 1997 18 August 1998

Sinking Creek Giles 37°18’46”
80°30’33”

7 May 1995 6 July 1998

Sinking Creek Giles 37°18’11”
80°29’09”

2 July 1997 6 July 1998 11 September 1999

Sinking Creek Craig 37°24’17”
80°18’33”

11 September 1999

Slate Branch Montgomery 37°11’20”
80°25’16”

3 July 1993 13 July 1998

Slate Creek Buchanan 37°17’06”
82°03’40”

2 October 1998

Snyder Branch Roanoke 37°18’11”
80°30’28”

2 November 1996 20 July 1998

South Anna River Hanover 37°45’35”
77°36’47”

27 September 1999

South Fork
Roanoke River

Montgomery 37°12’09”
80°14’22”

25 October 1997 22 July 1998 22 August 1998

South River Rockbridge 37°52’37”
79°14’24”

7 June 1997 6 August 1998 4 November 1998

Spruce Run Giles 37°15’57”
80°36’04”

7 March 1997 15 July 1998
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Stream County Latitude/
Longitude

Volunteer
Sample Date

Professional
Sample Date

1998 & 1999
Concurrent
Sampling Date(s)

Stoney Creek Albermarle 38°03’16”
78°45’15”

23 June 1996 4 September 1998

Strouble’s Creek Montgomery 37°12’57”
80°26’13”

14 November
1998; 25
September 1999

Strouble’s Creek Montgomery 37°12’53”
80°26’26”

13 May 1999 1 July 1998 16 Nov 1998

Strouble’s Creek Montgomery 37°10’53”
80°30’13”

14 Aug 1994 1 July 1998

Sugarland Run Fairfax 38°58’33”
77°22’06”

27 March 1997 19 August 1998

Sugarland Run Fairfax 38°57’33”
77°22’17”

16 August 1997 19 August 1998

Thompson Creek Bath 38°02’49”
79°42’30”

23 November
1997

5 August 1998

Tom’s Creek Montgomery 37°12’04”
80°33’55”

22 May 1998 2 July 1998

Tom’s Creek Montgomery 37°12’23”
80°33’38”

12 July 1995 2 July 1998

Tom’s Creek Montgomery 37°13’38”
80°31’53”

3 September 1994 2 July 1998 3 October 1999

Tom’s Creek Montgomery 37°14’18”
80°28’25”

7 March 1995 2 July 1998

Tom’s Creek Montgomery 37°15’27”
80°26’31”

22 March 1995 2 July 1998 25 September 1999

Whistle Creek Rockbridge 37°48’27”
79°28’25”

28 May 1997 3 August 1998 28 October 1998

Wilson Creek Montgomery 37°10’00”
80°22’57”

8 October 1999

Wilson Creek Trib Montgomery 37°10’42”
80°23’46”

2 May 1997 13 July 1998

Wolf Trap Creek Fairfax 38°56’19”
77°15’48”

14 November 1999

Wolf Trap Creek Fairfax 38°56’46”
77°16’40”

14 November 1999

Woods Creek Rockbridge 37°47’14”
79°26’54”

1 June 1998 3 August 1998 6 November 1999
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Curriculum Vita


