
Population density, water quality, and
stream health in the Rivanna River Basin

Living 
in Our 
Watershed

rom the winter of 2003 through fall 2005,
approximately 60 residents of the Rivanna River

basin spent over 2,300 hours wading in streams and
creeks collecting and counting bugs. They weren’t just
any residents, but then again, these weren’t just any
bugs. The citizens were StreamWatch volunteers, spe-
cially trained in the standardized procedures of where
and how to conduct aquatic surveys. And the bugs –
from the lowly worm to the delicate mayfly – were
benthic (bottom-dwelling) invertebrates, each one an
indicator by its presence and abundance, or by its
absence, of the water quality and ecological health of
that particular stream.

Based on the results of this intensive sampling,
StreamWatch has produced a report for citizens and
decision-makers. The publication you are now reading
is a summary. The complete study, including detailed
methodology, analyses, and references, can be found at
www.streamwatch.org/Data/Reports/index.php. 

We estimate approximately half of Rivanna basin
tributary streams are biologically healthy, with a rich
variety of aquatic organisms. The other half are bio-
logically impaired according to the standard set by the
state of Virginia.

Due to the impacts of landscape alteration and
other human-related disturbances, stream biological
health degrades predictably as watershed human popu-
lation density increases. The degradation begins at low
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A summary of the StreamWatch 2006 report

StreamWatch is a partnership composed of
Albemarle and Fluvanna counties, The Nature

Conservancy, Thomas Jefferson Planning
District Commission, Thomas Jefferson Soil
and Water Conservation District, Rivanna

Conservation Society, and Rivanna Water and
Sewer Authority. We have various roles in the
conservation, utilization, and management of

Rivanna basin aquatic resources.
StreamWatch serves our diverse missions by
providing scientifically accurate information
about the condition of the stream and river

system. We believe good information fosters
better community decision-making, and we

hope the following objective report serves the
enterprises of resource management, conser-
vation, and community education so that the
bounties of our streams and rivers may be

enjoyed for generations to come.
Key Findings

densities. At densities of about 55 people per square
mile, (approximately 1 dwelling per 27 acres), an esti-
mated ninety percent of streams fail the Virginia stan-
dard. 

When watersheds reach about 210 people per
square mile (approximately 1 dwelling per 7 acres),
stream impairment becomes persistent, meaning that
restoring a healthy aquatic community becomes
unlikely without extraordinary effort and expense.



We assess streams by examining the life they har-
bor. Biologically healthy streams support many kinds
of invertebrates, including a diverse array of organisms
that do not tolerate pollution, excess sedimentation,
and other human-caused stressors. Unhealthy streams
have far fewer types of creatures, and are dominated
by organisms that can survive in poor conditions. The
status of the invertebrate community reflects aggregate
stream conditions over the several months or more pre-
ceding collection. As a result, biomonitoring often
reveals problems that other forms of monitoring do not
detect.

Biologically healthy streams are more useful than
degraded streams. Healthy streams provide tangible
benefits such as recreation and an economically viable
water supply, as well as immeasurable benefits such as
wildlife habitat and aesthetic enjoyment.

Data
This report is based on multiple samples from

dozens of monitoring sites, the majority of which are
shown in the map and table on pages 4-5. Field sam-
pling was conducted from winter 2003 through fall
2005 by a biologist and a crew of volunteers using
established scientific protocols. Data quality was
assured through rigorous volunteer training, field
supervision, and careful data management. A subset of
24 sites was chosen to represent a cross-section of
Rivanna basin streams according to geography, land
use and other characteristics.

Stream health assessment
Our field data are interpreted via indexes that reflect

the diversity and stress tolerance of the organisms we
collect. The Virginia Save Our Streams index can be
computed by volunteers. The Adapted Stream
Condition index is a professional index borrowed from
the Virginia Department of Environmental Quality
(DEQ). Site health, which can range from very good to
very poor, is assessed by analyzing index scores from
multiple samples collected over the duration of the
study (see table inset on map, page 5).

Stream health is largely driven by conditions in the
stream’s watershed, and when land use is consistent
throughout a watershed, health is consistent from site
to site along the stream. Because of this consistency,
StreamWatch—following the practice of the DEQ—
assumes that site health is usually representative of
stream health.

Landscape and land use analyses
The Rivanna River drains a triangular area of land

that includes large portions of Greene, Albemarle, and
Fluvanna counties. This Rivanna watershed houses not
only the Rivanna River, but also scores of smaller
streams, each of which drains its own subwatershed
nested within the larger Rivanna watershed (see illus-
tration).

Using mapping software, we analyzed landscape
characteristics of the subwatersheds that funnel to our
monitoring sites. We quantified natural features, such
as subwatershed size and slope, and human-driven fea-
tures, such as percent forest cover, population density,
and impervious surfaces (roads, parking lots, rooftops,
etc.). This allowed us to compare stream biology with
the landscape, and to discern specific relationships
between stream health and land use. We used standard
statistical procedures, and we report only scientifically
robust findings.

We estimate about half of tributaries meet the
Virginia aquatic life standard

Nearly half of representative tributary streams, 46%,
are in good or very good biological condition. Forty-
two percent are in fair condition, and 12% are in poor
or very poor condition (see pie chart). The proportions
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The Rivanna watershed
contains many subwater-
sheds, such as the
Mechums. A watershed,
also called a catchment or
basin, is the total area of
land that funnels 
water to a given point 
on a stream or river.

Overview of biological monitoring

Background and methods

Findings



of healthy and unhealthy streams throughout the basin
are probably about the same as the proportions in this
representative set.

Streams in fair, poor, or very poor health almost cer-
tainly do not meet the Virginia standard intended to
protect “the propagation and growth of a balanced,
indigenous population of aquatic life,” and would likely
be placed on Virginia’s impaired waters list if tested by
DEQ.

Though streams in fair health fail to meet the state
standard, many may have a reasonable chance to regain
a “passing” status. By contrast, poor and very poor
streams are persistently impaired, meaning that recov-
ering to the point of meeting the standard is unlikely in
the absence of significant land use change or costly
restoration projects.

The Rivanna basin is typical for Virginia. According
to DEQ, about 50% of randomly sampled
Virginia streams are impaired for aquatic
life.

Stream health has generally improved
following the drought of 1999 – 2002

Biological conditions in most streams
improved slightly beginning in spring
2004, and remained better through fall
2005. The improvement was almost cer-
tainly a delayed response to the normaliza-
tion of stream flow after the severe, four-
year drought ending in the fall of 2002. 

Stream biological health is linked to
human population density

As described above, we examined natu-
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ral and human-related factors that could potentially
explain stream biological conditions. Of the many vari-
ables we explored, watershed population density was
the most powerful predictor of stream health. In about
90% of cases, population density alone predicted
whether a stream was unimpaired (good or very good),
moderately impaired (fair) or persistently impaired
(poor or very poor). 

In the table below, average land use attributes and
stream health are given for four types of watersheds
classified by population density. Rural watersheds usu-
ally enjoy good or very good stream health. Streams in
exurban watersheds (40 - 160 people per square mile; 1
dwelling per 10 to 40 acres) almost always fail the state
standard (health=fair). In suburban watersheds (160 -
1000 people/square mile; 1 dwelling per 1.5 to 10
acres), streams are persistently impaired (health=poor).
In urban watersheds, stream health is very poor.
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correlation, except possibly in lightly populated water-
sheds where human influence was minimal.

Like ours, other recent studies from outside our
region have found patterns of substantial stream degra-
dation in modestly or moderately developed water-
sheds.

Most of the Rivanna River fails to meet the aquatic
life standard

Roughly 11 miles of the upper Rivanna River, from
about 4 miles north of Charlottesville to about 2 miles
west of the Albemarle-Fluvanna border, is officially
listed as impaired by DEQ. StreamWatch monitoring
indicates that most of the rest of the river is in fair
health, and thus also fails to meet the state standard.
On the South Fork Rivanna, from the reservoir dam to

the confluence with the North Fork, we judge
health to be poor. (Technically, the South Fork is
part of the main Rivanna River.)

We note that the biomonitoring methods used
by both DEQ and StreamWatch are less precise in
larger streams like the Rivanna than in smaller
tributaries. Even though we are only moderately
confident in the precision of our measurements of
the Rivanna, biological index scores are suffi-
ciently low that we are quite confident future
DEQ testing will confirm impairment in most of
the river.

The risk of persistent impairment of the
Rivanna River is unclear

As noted above, we estimate recovery becomes
unlikely when population densities reach about
210 people per square mile. The model from
which we derive this persistent impairment

In the graph at right, each black
point represents a monitoring site,
and its position indicates both the
site’s health and the population
density of the site’s watershed.
The colored zones correspond to
broad health categories, with the
green zone representing healthy
conditions, the yellow zone repre-
senting a level of impairment from
which recovery is possible, and
the brown zone representing per-
sistent impairment. The trendline
shows biological health falling as
population density increases, and
the points of intersection between
the trendline and the black hori-
zontal bars indicate approximate
population densities at which stream health transitions
occur. We estimate the transition from unimpaired to
impaired, or from good to fair, occurs at about 55 peo-
ple per square mile (roughly one dwelling per 27
acres). The transition from moderate to persistent
impairment, or from fair to poor, occurs at about 210
people per square mile (roughly one dwelling per
seven acres). (See also population data in table on
page 4).

Population density is an indicator of land alteration
and other disturbances. Where there are more people,
there are more roads, homes, stores, cars, pollutants,
and so on. Other indicators such as percent forest
cover and percent impervious surface also tracked
stream health in our study. Natural variables had little
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threshold is based on data from streams and subwater-
sheds nested within the full Rivanna watershed. 

The density of the full Rivanna watershed is about
215 per square mile. Though this exceeds the estimat-
ed threshold, the threshold does not apply because
population distribution in the full Rivanna watershed is
unlike the subwatersheds. Subwatersheds generally
have dispersed and fairly even distribution, while the
full Rivanna watershed has uneven distribution, with
Charlottesville and Lake Monticello accounting for
major shares of population while occupying relatively
small land areas.

It is believed that concentrating population reduces
per capita environmental disturbance by compressing
lot sizes and consolidating infrastructure such as roads,
but the extent of the payoff is unclear. The Rivanna
River is biologically impaired, but we cannot yet deter-
mine whether or not it faces a risk of persistent impair-
ment. 

We report estimated numerical relationships
between population density and biological condition.
Though the relationships are highly consistent, our
findings are rooted in past and current human behavior
and land use practices, and the numbers we give are
not necessarily fixed for all time. 

Because StreamWatch serves a diverse partnership,
we refrain from making management recommenda-
tions. But we will point out that much can be done to
soften human impacts on streams, that the science of
watershed management is advancing, and that local
organizations and governments are making strides
towards improved watershed stewardship. Thanks to
emerging knowledge and a keen awareness of the
value of water resources, this community enjoys many
opportunities to protect and restore the streams and
rivers of the Rivanna basin. 

Looking Ahead



StreamWatch
P.O. Box 181
Ivy, VA  22945
(434) 923-8642

www. .org
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