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n 1998, the Rivanna River Basin Roundtable—a
planning body composed of stakeholders from gov-

ernment, business, and the community at large—recom-
mended the establishment of  "...a multi-disciplinary,
interagency data collection and monitoring program..."
to help facilitate sound management of the Rivanna
watershed.

In 2002, StreamWatch was founded in accor-
dance with the Roundtable’s recommendation.  We are
a partnership program guided by local agencies and
organizations with an interest in the Rivanna watershed.
Our organizations provide a wide variety of services:
water supply management, sewage treatment, land con-
servation, technical assistance for land management,
community planning, and conservation advocacy.  We
have diverse objectives, but a common need for data
and information.  Our mission is constrained to science-
based ecological monitoring, assessment, and reporting.
We believe the best management of the Rivanna water-
shed will be achieved through collaboration among pri-
vate organizations, government agencies, and the com-
munity at large, and that high-quality information is a
prerequisite of consensus building. 

Because we are locally focused, we are able to
generate more information about our river basin than
can be provided by state-level natural resources pro-
grams.  We work closely with state programs, exchang-
ing data and expertise.

StreamWatch is governed by a steering com-
mittee composed of representatives from each of six
partner organizations.  Professional scientists from gov-
ernment agencies, the conservation community, and
academia guide our science work.

About StreamWatch

StreamWatch monitors and
assesses Rivanna basin streams

and rivers to help the 
community maintain and restore

healthy waterways.
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Executive Summary
etween winter 2002/2003 and spring 2004,
StreamWatch collected over 100 biological sam-

ples from 25 monitoring stations situated throughout
the Rivanna River basin.  This report's conclusions are
based on the extensive data we obtained in the field,
and on geographical information system analysis of
land use and land cover in the watersheds draining to
our monitoring sites. 

From a biological perspective, the Rivanna
basin stream network is in generally fair health (Figure 1).
To some readers, "fair" will connote acceptable condi-
tions.  To others, "fair" will connote degradation war-
ranting concern.  Though StreamWatch hopes this
report will stimulate discussion, we endeavor to pres-
ent an unbiased picture.

We found a very strong association between
stream biological condition and land use.  Our healthi-
est streams drain areas with upwards of eighty percent
forest cover.  Across our dataset, stream biotic commu-
nities degraded steadily as land use intensity increased.
The effects of urbanization are clear: of twenty-one
tributaries studied for this report, the most severely
degraded are Moores and Meadow Creeks, both of
which drain the Charlottesville area.

In some respects, the StreamWatch program
and this study are extensions of the work performed by
the Rivanna River Roundtable in 1997 and 1998.  Our
findings accord with most of the Roundtable's excel-
lent State of the Basin report, with the exception of
biological condition.  The Roundtable characterized

thirteen of fourteen sites as "excellent."  We assess two
of twenty-five sites as "very good," most sites as "fair,"
and nine sites as "poor" or "very poor."  These discrep-
ancies are not the product of degradation, but rather of
methodological differences.  The scientific tools avail-
able to citizen monitoring programs have improved
since the late '90s.

The health of the mainstem of the Rivanna
River ranges from poor to fair.  About two-thirds of the
Rivanna River has been declared impaired by the
Virginia Department of Environmental Quality.  Urban
runoff and storm-related overflows from public waste
collection and treatment facilities have probably con-
tributed to general degradation, but the specific
impacts of these stressors on the river's biota have not
been studied

Though not pristine, the Rivanna system is
immensely valuable.  Some streams enjoy outstanding
biological health, and serve as refuges for the James
River spinymussel and other threatened organisms.
Parts of the watershed contain exceptionally large,
intact hardwood forests.  Nearly 11% of the basin is
protected through conservation ownership and the
Shenandoah National Park.

Our streams provide recreational opportuni-
ties to hikers, canoeists and kayakers, anglers, and kids
of all ages who need to frolic in running water.  Our
streams provide aesthetic enhancements that confer
both spiritual and economic benefits.  Our streams
provide indispensable health services in the form of
drinking water, waste treatment capability, and waste-
water assimilation.  The economic worth of the
Rivanna system is enormous.  The value of all its
gifts—economic, ecological, social, and aesthetic—is
priceless.
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About Our Study 

n the 18th century, the Rivanna River and its tribu-
taries supplied energy, food, and means of trans-

port to the plantations, farms and towns of our region.
The river system's importance to the economy of that
time cannot be overstated.  Indeed, without the
Rivanna, Thomas Jefferson could not have established
Monticello.  The system is no less important today.

Our streams and rivers supply drinking water,
support wildlife, enhance our community's natural
beauty, provide recreational opportunities, and carry
away our wastes.  Our uses of the system can be con-
flicting, and in order to facilitate effective, collabora-
tive management, citizens and decision makers need
good information.  StreamWatch provides an impor-
tant piece of the picture by studying stream biota.

This report assesses the biological condition
of our streams based on analysis of benthic macroin-
vertebrate communities—the insects, snails, worms,
and other invertebrates living on the stream bottom.
These organisms are responsive to environmental vari-
ables.  By analyzing the presence, absence, and rela-
tive abundance of the various macroinvertebrates we
collect from streams, we discern a profile of the bio-
logical community that reflects water quality and other
stream conditions.

The benthic community tells us not only
about the stream, but also about the land in the area
that drains to the stream.  Virtually all stream water
either traverses terrestrial surfaces or percolates
through the ground before entering the stream chan-
nel.  On its journey, incipient stream water picks up
organic particles, sediments, soluble compounds and
other constituents of the land.  The rate at which water
enters and flows through the channel is strongly influ-
enced by landscape qualities such as soil permeability,
tree cover, and the extensiveness of paved or hardened
surfaces.  For benthic macroinvertebrates, the most
important features of the stream environment are flow
regime, oxygen, nutrients, light, temperature, food
availability, water chemistry, and habitat structure.  All
of these features are shaped by the land, and all, in
turn, shape the benthic community.

Because the benthic community profile is a
function of multiple environmental factors occurring
over time, benthic monitoring can detect changes that
other monitoring methods cannot.  For example, most
water monitoring in Virginia consists of periodic col-

lection of water samples for laboratory chemical and
bacterial analyses.  This produces a snapshot of water
quality at a particular moment in time, but often fails
to detect intermittent stressors such as polluted urban
stormwater runoff.  Intermittent stressors can have
long-term effects on biological condition, and benthic
monitoring can reveal these effects.

To understand and manage stream resources,
multiple methods of inquiry are needed.  But we
believe biological monitoring is particularly important
because it addresses a critical question: How well does
the stream support life?  The biological condition of
the stream parallels the stream's value as a resource.
For most human uses, the best streams are those that
are biologically robust.  We study stream bugs in the
interest of our health, prosperity, and well-being. 

e embarked on our "core" monitoring program
in December 2002.  The purpose of the core

program is to assess and monitor sites in a representa-
tive set of principal Rivanna basin streams and rivers.
The monitoring sites for this report consist of 21 sta-
tions on tributaries and four stations on the Rivanna
mainstem (see map on page 5 for site locations).  The
21 tributary sites were selected to represent streams of
various sizes and landscape associations.  Most tribu-
tary stations were situated near mouths, allowing us to
treat entire sub-basins as units of study.

Fieldwork was conducted by volunteers and
program staff, following the Virginia Save Our Streams
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(VaSOS) modified method, a protocol specifically
developed for citizen monitors by Virginia Tech.
Volunteers were trained through five-hour workshops
covering field collection methods and benthic
macroinvertebrate identification and classification.
Volunteers who worked independently received addi-
tional training and passed a certification examination.
StreamWatch's program manager is professionally
trained in benthic monitoring.

One hundred-fifteen samples were collected
at core sites from winter 2002/2003 through spring
2004.  Each station was sampled at least three times;
most were sampled on four or more occasions.  After
being netted from the stream, organisms were classi-
fied and counted, and these data were processed
according to VaSOS protocol to give a biological index
score ranging from 0 to 12.  The score serves as a
numerical summary of health.  Scores of 7 and greater
are considered "ecologically acceptable."  Scores
below 7 are considered "unacceptable."

During the latter half of the study we incorpo-
rated a second indexing method, the Stream Condition
Index (SCI), recently developed for the Virginia
Department of Environmental Quality (DEQ).  Our

collection method remained the same, but for each
sample we calculated an SCI score in addition to the
VaSOS score.  The SCI, designed for professional biol-
ogists, entails identifying organisms to finer taxonomic
levels than volunteer methods.  Finer taxonomic reso-
lution produces more information and greater preci-
sion.  Employing SCI during the latter half of the study
helped us interpret our entire dataset with greater con-
fidence.

StreamWatch's field technique differs from
the DEQ's.  However, in a small number of Stream-
Watch/DEQ side-by-side concurrent sampling tests,
the results generated by our respective methods have
been very similar.  We have also achieved similar
results in samples collected at different times at identi-
cal sites.  This evidence suggests StreamWatch results
parallel those of DEQ biologists, but we nevertheless
qualify our results by calling them "adapted SCI
scores."

Based on ranges of average VaSOS and SCI
scores, we defined four health assessment tiers: very
good, fair, poor, and very poor.  Numeric criteria for
the tiers are given in Table 1, and qualitative descrip-
tions are given in Table 2.

Our assessment procedure is similar to that
used by federal and state agencies.  Average and mini-
mum scores are examined.  The average score directs
initial placement into a tier, but a pointedly low mini-
mum score triggers demotion to a lower tier.  Similarly,
scores reflecting a strong recovery trend trigger pro-
motion.  

To complement our biomonitoring, we assem-
bled a geographical information system to analyze land
cover and land use.  We delineated the watersheds

draining to 34 biomonitoring stations,
including our 25 core sampling stations.
For each watershed, we analyzed natural
and human-driven landscape attributes
such as slope (a natural attribute) and
percent forest (a human-driven attribute).
This allowed us to examine relationships
between biological conditions and the
landscape.  Further details of this analy-
sis are given in the following section.

Throughout the study period, we
sampled at numerous sites other than our
core sites.  These data contributed to our
interpretation, as did biological and other
water quality data gathered by DEQ.

We use the terms biological condi-
tion and biological health interchange-
ably throughout this report.
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1) M oormans R iver a t R oute  601 (Fa ir) —  D ue to two very poor results during the  first ha lf of the  study

period, the  average VaS O S  score  a t this site  is low. C onditions improved substantia lly during the  la tter

half of the  study. This change, and results from other M oormans sites, suggest that poor scores were

re la ted to a  loca l stress, and are  probably not representative  of the  river as a  whole.

2 ) C arroll C reek in G lenmore, Ivy C reek at R t 601 , M echums R iver a t R t 601  (Poor) —  Biologica l sam-

pling by D E Q  of other Ivy and M echums sites corroborate  our assessments. D E Q  has not sampled

C arroll C reek. Land-use is heavy in a ll three  of these sites' watersheds.

3) Because our sampling protocol is not designed for rivers, our assessments of the  mainstem R ivanna

and S outh Fork are  given with less precision than our assessments of tributary streams.

4) M eadow C reek west of Locust C ourt, M oores C reek near W oolen M ills (Very Poor) —  The very poor

biologica l health of these sites is common to urban streams. Both streams have been declared

impaired by the  D E Q  due to high feca l coliform leve ls. A plan to reduce pollution in M oores C reek is

being coordinated by the  Thomas Jefferson P lanning D istrict C ommission. For more  information, visit

www.tjpdc.org/environment/moorescreek.asp
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E ach colored dot shows biologica l conditions at a

S treamW atch monitoring site. The enclosed site

numbers can be used to re ference further infor-

mation in Table  3  on the  opposite  page.

Maps courtesy of Chris Bruce, The Nature Conservancy 

Equivalent impervious surface. R oads, buildings, lawns,

agriculture  and other landscape a lterations change patterns

of stream flow, a ffecting stream biology. In the  inset map,

deeper greys indicate  greater imperviousness.



iological condition is fair at 14 of 21
StreamWatch tributary monitoring sites.  Two

tributary sites are in very good condition, and 5 are
rated either poor or very poor (Table 3, page 4).  We
consider the 21 tributary sites to be representative of
the Rivanna system.  The average condition of these
sites is fair.

An assessment of "fair" means the benthic
community is noticeably degraded relative to commu-
nities in least-disturbed streams.  Though they retain
much vitality, communities in fair condition support
fewer types of organisms sensitive to human-caused
stress than the healthiest communities, and have a
higher population proportion of stress-tolerant organ-
isms.

We monitored four sites on the mainstem of
the Rivanna River, including one on the South Fork
Rivanna River.  (Its popular name notwithstanding, the
South Fork can technically be considered the upper-
most portion of the Rivanna mainstem).  Because few
tools are available to biologists seeking to analyze bio-
logical conditions on a stream of this size, assessing
these sites presents a challenge.  Neither of the bio-
monitoring protocols used by StreamWatch is specifi-
cally applicable to the Rivanna mainstem.

Despite the lack of an ideal tool, we believe
biological health at the four mainstem sites and most
of the upper two-thirds of the Rivanna River lies in the
poor to fair range.  We base this assessment on three
observations.

First, to a large extent the river is the sum of

the streams that feed it, and the fair condition of the
Rivanna's tributaries can be viewed as the baseline
condition of the Rivanna mainstem.

Second, our assessment accords with general
patterns of land use in the basin.  (A detailed discus-
sion of the relationship between land use and biologi-
cal condition is given in the following section.)

Third, the river is subject to levels of stress
beyond those represented by the general condition of
tributaries and general land use.  In areas downstream
of Charlottesville and Lake Monticello, urban runoff
enters the river either directly or via the basin's most
degraded streams.  In both population centers, waste
collection and treatment infrastructure sometimes leaks
and overflows during storms, delivering high levels of
bacteria and organic matter to the river.  In 1996, the
upper third of the Rivanna—from north of
Charlottesville to Buck Island Creek near the
Albemarle-Fluvanna border—was declared impaired
for aquatic life by the DEQ.  In 2004, the middle
third—from Buck Island Creek to Palmyra—was
declared impaired due to high fecal coliform levels.
The endangered James River spinymussel, while sur-
viving in several tributaries, has been extirpated from
the Rivanna mainstem due to general decline in habitat
conditions over the past thirty years.

All of StreamWatch's regularly monitored

Our Findings
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Biological condition 

S treamW atch analyzed forest cover and other aspects of

land use for watersheds dra ining to biomonitoring sites.

The M echums R iver watershed, pictured above, is located

in the  westernmost corner of the  R ivanna R iver water-

shed, and includes the  town of C rozet. It is 69%  forested.

Mechums River Watershed



mainstem sites are located on the upper two-thirds of
the river.  On the lower third of the Rivanna, biological
conditions appear better than in the upper two thirds,
but our data are quite limited.

e opened the topic of the link between land use
and stream health in the Background section of

this report.  This link is well documented in scientific
literature, but our study explores specific expressions
of the relationship in our own corner of the world. 

We examined a number of natural and human-
driven variables for the watersheds and stream systems
associated with our monitoring sites.  We did not find
strong relationships between natural variables (water-
shed size, slope, stream order) and biological health.
Human-driven land use parameters, however, correlat-
ed very strongly with biological health.  In the follow-
ing paragraphs we give examples of relationships
between particular land use parameters and health.
Then we explain the land use index developed for this
report and show the strong correlation between overall
land use intensity and stream health.

One facet of the land-stream link is the corre-
lation between impervious surfaces (roads, roofs, park-
ing lots, etc.) and variety of stream organisms.
Impervious surfaces alter the flow of water through
and over the ground, and thus change flow patterns in
streams.  (See map inset on page 5.)  We examined the
effect of equivalent impervious surface (EIS)—not
only completely impenetrable surfaces such as roads,
but also surfaces such as lawns and pastures which
shed water more quickly than forestland.  We catego-
rized our 21 tributary sites according to the percentage
EIS in their respective watersheds, and then analyzed
benthic richness (the number of types of benthic
organisms) at each site.  We found the variety of
organisms declined as EIS increased (see Figure 2).

Richness is just one measure of biological
health.  Examples of other measures include percent
sensitive organisms (such as mayfly larvae), and per-
cent tolerant organisms (such as midge larvae).  These
measure are combined to produce an index score for
each sample, and scores from samples collected over
time are analyzed to produce a health assessment.

Table 4 gives a sense of the intensity of land
use associated with different levels of stream health.
The four parameters in the table can be viewed as indi-
cators of land disturbance and as factors influencing
stream health.  The Mechums watershed map gives an

example of our land use analysis for one parameter
(forest cover) in one watershed.  

We combined the four parameters (EIS,
watershed forest cover, forest cover in the riparian
zone, and population density) to create an index of
land use intensity.  (Riparian zones are the bands of
land running along either side of streams and rivers).
The values for each of the four parameters were stan-
dardized, then summed and mathematically converted
to scores on a zero to 100 scale, with higher scores
indicating lower intensity of land use.  Here is a sim-
plified example of the process, using actual values
from the Mechums River watershed:  5.7% EIS + 69%
watershed forest cover + 68% riparian forest cover +
107 people per square mile = land use index score of
53.

The index is designed to show relative land
use intensity.  The ranges of parameter values that
define the index scale are derived from analysis of
land use in 34 subwatersheds of the Rivanna basin,
including the subwatersheds defined by our monitoring
sites.

We plotted average biological index scores
(SCI scores) from each site against land-use index
scores for each site's watershed.  Figure 3 graphs the

W
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very distinct improvement in biological condition as
land alteration diminishes.

he relationship between biological condition and
land use is very strong, as Figure 3 shows.

However, our analysis does not cover every factor that
drives stream health.  Due to data and resource limita-
tions, some natural and human variables were not
addressed in this study.  Future study would benefit by
examining potential effects of geology, agriculture,
effluent sources, withdrawals and dams.  

We did explore the possible effect of the
drought.  During the early part of the study period,
biological index scores were slightly lower, possibly
due to a lingering drought effect.  This effect did not
obscure inherent differences of biological health
among streams, and had no bearing on our assess-
ments.

According to the U.S. Environmental
Protection Agency (EPA), health at a site is usually
representative of health for several miles above and
below the site.  The EPA view is supported by the
strong link between land use and stream health docu-
mented here, and we believe that for the vast majority
of our tributary sampling stations, biological condition

at the site represents biological condition of the stream.
We are confident of our principal conclusions.

The biological health of the Rivanna stream system is
fair, and a major factor explaining biological health in
our streams is intensity of land use.

Though not pristine, the Rivanna basin retains
extraordinary ecological assets and provides ecosystem
services of incalculable worth, beginning with water
supply.  Most of our streams are safe for swimming
and fishing.  Remarkably healthy streams such as
Buck Mountain Creek are exemplary Piedmont aquatic
systems, and serve as refuges for the endangered
James River spinymussel and other threatened organ-
isms.  Parts of the watershed house exceptionally large,
intact hardwood forests, and nearly 11% of the basin is
protected in conservation easements and the
Shenandoah National Park.  The Rivanna and its tribu-
taries are perhaps more beautiful today than in
Jefferson's time.

By collectively recognizing the weaknesses
and strengths of this resource, we open the door to
effective management.  This community has the social
and economic means to both utilize and conserve the
Rivanna system; to balance human and ecosystem
needs.  We hope this report contributes to securing that
balance.
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Figure 3. E ach colored

dot represents one of 21

tributary monitoring sites.

The placement of each 

dot is based on average

biologica l index scores

(vertica l axis) and land 

use index scores (hori-

zonta l axis). The site  

numbers inside  the  dots

can be used to re ference

site  location and data  in

Table  3 , page 4 . The bio-

logica l index used here  is

the  V irginia  D E Q 's S tream

C ondition Index, adapted

by S treamW atch. The

land use index score  is

derived through analysis 

of forest cover, population

density, and equiva lent

impervious surface in the

specific watersheds dra in-

ing to each site. H igher

land use index scores 

indicate  lighter land use

intensity.

Closing remarks
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