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Changing land uses in the Schuylkill River basin —
from mining to agriculture to urban development and
suburban sprawl — directly impact the drinking water
of 1.5 million people in the region. These findings
are not unique to Pennsylvania; across the country
increased human activities adversely affect stream
condition and water quality.
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We set out to see what the state’s labeling system
means for the biodiversity, management, and
protection of Pennsylvania’s 86,000 miles of
streams and rivers — and to establish a baseline
for evaluating restoration and protection efforts in
the watersheds.

The Schuylkill River at Philadelphia.

Introduction
T H E I S S U E : L A B E L S G I V E N T O P E N N S Y LVA N I A S T R E A M S
Pennsylvania has a complicated system for labeling streams that is based on the chemical and biological quality of its water, the
physical characteristics of the stream's corridor, and the presence and abundance of a variety of macroinvertebrate and fish
species. The labels also reflect human uses of the water for drinking, fishing, agriculture and industry. Because of these
co-occurring interests and factors, most streams or sections of streams have two or more labels. In our study, we examined the
labels in three categories that best reflect the biological integrity of the Commonwealth's waterways:
• Aquatic Life (Cold Water Fishery, Trout Stocking Fishery, and Warm Water Fishery)
• Special Protection (Exceptional Value and High Quality)
• Current Status (Unimpaired or Impaired)
This paper does not describe the process by which labels are granted or the legal ramifications of the labels (for that, see
Pennsylvania Code Chapter 93, PennFuture. 2005. Stream Redesignation Handbook, A Step-By-Step Guide for Petitioning to
Upgrade Your Stream to High Quality or Exceptional Value Special Protection in Pennsylvania. Harrisburg, PA). Our purpose is to
look at what the labels mean in terms of the biodiversity, management, and protection of Pennsylvania's streams and rivers.

A Q U AT I C L I F E
The three primary labels used to address aquatic life in Pennsylvania's streams and rivers are: Cold Water Fishery, Trout Stocking
Fishery, and Warm Water Fishery. The labels focus on the thermal characteristics of fish that can be sustained at a site. Cold Water
Fisheries are able to maintain and/or propagate fish species that include trout, salmon, and other flora and fauna indigenous to a
cold-water habitat. Trout Stocking Fisheries are able to maintain stocked trout from February 15 to July 31, as well as to maintain
and propagate other fish species (e.g., bass and sunfish), flora and fauna that are indigenous to a warm-water habitat. Warm
Water Fisheries are able to maintain and/or propagate fish species and other flora and fauna indigenous to a warm water
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habitat. Management and regulatory efforts are intended to protect these different aquatic communities.

SPECIAL PROTECTION
Pennsylvania has two Special Protection categories (Exceptional Value and High Quality) that are based, at least in part, on
biological integrity. Exceptional Value streams are defined as “the best” Cold Water Fisheries, while High Quality streams are
“very good” Cold Water Fisheries and “the best” Trout Stocking and Warm Water Fisheries. Because these are relatively rare and
important water resources, Special Protection is granted by Pennsylvania to protect all existing uses of the stream (i.e., by aquatic
life and humans) and to safeguard the quality of its water. In both Exceptional Value and High Quality streams, water quality
should not be lowered, except in the event that a discharge into a High Quality stream is the result of “necessary” social or
economic development.

C U R R E N T S TAT U S O F P E N N S Y LVA N I A S T R E A M S
A primary role of Pennsylvania under the federal Clean Water Act has been to label all streams as Unimpaired or Impaired based
on macroinvertebrate and habitat data collected by the Statewide Surface Water Assessment Program (SSWAP). A stream is
labeled as Unimpaired when it has been found to support all of its designated uses whereas an Impaired stream is no longer
able to support one or more of its designated uses. Both state and federal law require that the source of the degradation for an
Impaired stream be identified and remediated.
There are more than 86,000 miles of streams and rivers in Pennsylvania, more than in any state in the United States except
Alaska. The Pennsylvania Department of Environmental Protection estimates that 52,516 miles (63%) of Pennsylvania streams
have been designated Cold Water Fishery, 10,153 miles (12%) Trout Stocking Fishery, and 21,296 miles (25%) Warm Water
Fishery. An estimated 3,076 miles (or about 4%) of the state's streams have been awarded additional protection as Exceptional
Value streams, while 22,563 miles (or about 27%) have been classified High Quality. Finally, between 1997 and 2006, state
personnel assessed 83,602 miles of Pennsylvania's streams and designated 82% as Unimpaired and 18% as Impaired. These
values are preliminary and subject to change as the data and designations are reviewed and revised.
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Aquatic Macroinvertebrates
in Stream Assessments
Aquatic organisms have provided water quality assessment programs with
valuable insights for more than 100 years (Cairns and Pratt 1993). While there
is great interest and value in monitoring fish and algae, benthic (i.e., bottomdwelling) macroinvertebrates such as insects, worms, and mollusks have been
the most common aquatic organisms used in these programs (Hellawell 1986).
Benthic macroinvertebrates are a cost-effective, commonly used, and widely
accepted tool in water-quality monitoring programs for a number of reasons
(Weber 1973, Rosenberg and Resh 1993).
• Macroinvertebrates (not fish) are the dominant animal group in most
streams and rivers worldwide.

Macroinvertebrates, like the larvae of this adult
midge, Stenochironomus poecilopterus, are
important indicators of stream health and
water quality.

• Most river and stream ecosystems have relatively diverse
macroinvertebrate assemblages (100-200 species from several different orders, including mayflies, stoneflies, caddisflies,
beetles and true flies). Because each species potentially possesses different tolerances to environmental change and
therefore different responses to environmental stress, the aquatic macroinvertebrates provide a sensitive measure of
environmental change and stress.
• Macroinvertebrates' limited mobility and relatively long life spans (a few months to a year) make the presence or
conspicuous absence of species a meaningful record of environmental quality during the recent past — including
short-term and infrequent events that might be missed by periodic water sampling.
• Aquatic macroinvertebrates are an important link in the food web, functioning as primary consumers of plant and
microbial matter that are then available to secondary consumers such as fish.
• Their abundance and diversity make them good subjects for statistical analyses, which play a key role in water quality
assessment programs.

T H E D ATA A N D A N A LY S E S
This analysis of stream categories and conditions draws primarily on our 11-year study of the Schuylkill River basin, which we
initiated in 1996. We chose the Schuylkill basin because of its integral role in southeastern Pennsylvania and because it had a
variety of land uses — ranging from historic coal mining to intensive row crop farming, and from old urban development to
growing suburban sprawl — that are representative of the major sources of stream pollutants for Pennsylvania. Despite the great
diversity in uses and conditions, the sites are relatively close together, which leads us to believe that the streams were similar
300 years ago when conditions were natural. This helps avoid comparisons of more distant sites that may differ due to natural
differences in geology, climate, hydrology, and vegetation (e.g., eastern versus western Pennsylvania).
We designed the project to help the public understand the quality of their local streams and to establish a baseline for evaluating
restoration and protection efforts in the watersheds. We formed partnerships with local and regional organizations to identify
issues and interests. Local citizens and officials helped with site selection and property access. College interns analyzed the
samples, interpreted the data, and communicated the results in public settings.
Our underlying question was simple: Is the study stream in a natural state (i.e., among the best of the best), or has it been
degraded? In the case of the former, the data encourage continued stewardship and protection of this valuable and relatively
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rare resource. If the study stream is degraded, the data are used to estimate the degree of change that has occurred, to guide
restoration and to prevent further degradation. We have data from 115 sites in the Schuylkill basin — 19 sites were sampled
every year to measure their annual variation, while 96 were sampled once during the study period.
We used two statistical approaches to
classify and compare sites: (1) biometrics,
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Fig. 1. Macroinvertebrate Aggregated Index for Streams (MAIS) for 115 sites in the
Schuylkill River basin, sorted from highest to lowest score.
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(28%) were classified as Poor (Fig. 1).
A comparison of MAIS Score and the number
of pollution-sensitive families collected at
each site illustrates the differences in
macroinvertebrate assemblages among
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Number of Pollution-Intolerant Families
Fig. 2. MAIS Score versus the number of pollution-sensitive macroinvertebrate families
based on data from 115 sites in the Schuylkill River basin.

Good, Fair, and Poor sites (Fig. 2). Good sites
supported an average of 11.8 pollution-sensitive families (range = 8.3 - 15.3), Fair sites supported an average of 8.2
pollution-sensitive families (range = 4.7 - 11.8). Poor sites supported an average of 3.4 pollution-sensitive families (range = 0.2 6.9 families). The average Poor site had lost more than 70% of the pollution-sensitive families found at an average Good site,
and the average Fair site had lost more than 30% of the pollution-sensitive families found at an average Good site. The worst
Fair site had lost 69% of the pollution-sensitive families, while the worst Poor site had lost more than 99% of the pollutionsensitive families. Thus, the transition from Good to Fair and Fair to Poor represents a significant loss in biodiversity.
While the use of NMS ordination or other complex statistical analyses in stream assessments is still relatively new, it is being
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used increasingly in the United States and other countries (e.g., Great Britain, Canada, Australia). The advantage is that these
analyses make more use of the data by retaining the individual macroinvertebrate abundances, rather than homogenizing them
as is done in the calculation of metrics. The initial NMS ordination with all 115 sites from the Schuylkill basin generated a
relatively tight cluster (Fig. 3), with several
sites scattered well outside the main cluster.
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Axis 1
Fig. 3. NMS ordination showing similarities and differences in macroinvertebrate
abundance among 115 sites in the Schuylkill River basin. Sites with potential sources of
acid mine drainage (which would lower pH and alkalinity, and elevate sulfur and metals)
are shown as open blue circles. Quarries and coal mines were the land uses with the
strongest correlation (r2>0.4) with Axis 1 or 2.

drainage sites from the general analyses.
We used these analyses of macroinvertebrate data to examine five questions about water quality in relation to management and
regulatory labels applied to streams in the region.

Question 1:

Based on aquatic macroinvertebrates, do the general Aquatic Life Use categories of Cold Water Fishery, Trout Stocking Fishery,
and Warm Water Fishery represent different types of streams in Pennsylvania? If so, do differences in land covers and land uses
contribute to these stream differences?
Yes, the combined analyses indicate that the
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represent reductions in stream quality (e.g.,
Fig. 4). Both the biometric and ordination
analyses indicated that macroinvertebrate
communities in Cold and Warm Water
Fisheries differed significantly, and Trout
Stocking Fisheries lay somewhere between
Cold and Warm Water Fisheries. Considerable
variability among sites within each category
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Fig. 4. Macroinvertebrates (described with the MAIS Score) and percentage of watershed
area as forest for streams designated as Cold Water Fishery (CWF), Trout Stocking
Fishery (TSF), and Warm Water Fishery (WWF). Higher MAIS Scores indicate a healthier
stream with more pollution-sensitive macroinvertebrates. Different small-case letters
indicate statistically significant (p<0.05) differences between means for respective
stream categories.
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Fig. 5. NMS ordination summarizing similarities in macroinvertebrate abundance for
streams designated as Cold Water Fishery (CWF), Trout Stocking Fishery (TSF), and Warm
Water Fishery (WWF). CWF sites potentially influenced by acid mine drainage were omitted
from these analyses. Land use variables that correlate most strongly with Axes 1 or 3 are
% Forest in the watershed (deciduous, coniferous, and mixed combined), % Row crop in
the watershed and 30-m buffer, and Urban Indicators (% Impervious Surface-1985 in the
watershed, % Low Density Urban in the watershed, and Population Density 2000).
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support the Aquatic Life Uses designated for
Pennsylvania streams and rivers in the
Schuylkill basin. Differences among
sites appear to reflect the intensity of
anthropogenic activities adjacent to and

Fig. 6. Total Forest Cover (%) versus two measures of macroinvertebrate community
structure expressed in Fig. 5 as a MAIS Score or as Axis 1 from the NMS ordination of
macroinvertebrates. Higher quality sites are indicated by higher MAIS Scores and by
negative values on Axis 1. Sites potentially influenced by acid mine drainage were
omitted from these analyses.

upstream of the study sites.

Question 2:

Are streams designated Exceptional Value or High Quality the best streams in Pennsylvania? If so, are there land covers and land
uses that differ between great streams and other streams?
Yes. According to our data from the Schuylkill basin, Exceptional Value and High Quality streams are among the best streams
with high numbers of pollution-sensitive species (Figs. 7 and 8). Both the biometric and ordination analyses suggested that
Exceptional Value and High Quality-Cold Water Fishery streams were among the highest scoring Cold Water Fishery sites, and the
High Quality-Trout Stocking Fishery streams were among the highest scoring Trout Stocking Fishery sites. As expected, Exceptional
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Fig. 7. Macroinvertebrates (described with the Macroinvertebrate Aggregated Index for
Streams; MAIS Score) and percentage of watershed area as forest for streams designated
as Exceptional Value (EV), High Quality-Cold Water Fishery (HQ-CWF), Cold Water Fishery
(CWF), High Quality-Trout Stocking Fishery (HQ-TSF), Trout Stocking Fishery (TSF), and
Warm Water Fishery (WWF). Higher MAIS Scores indicate a healthier stream with more
pollution-sensitive macroinvertebrates. Different small-case letters indicate statistically
significant (p<0.05) differences between means for respective stream categories. CWF
sites potentially influenced by acid mine drainage and EV sites potentially influenced by
urban or agricultural land use were omitted from these analyses.
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degrade. In addition, they are invaluable
reference sites for evaluating impairment and
restoration successes — and for setting
realistic restoration and management targets
— for the vast majority of streams in
Pennsylvania. Given the outstanding quality
and rarity of Special Protection streams
(currently, about 4% of the streams in

Fig. 8. NMS ordination summarizing similarities in macroinvertebrate abundance for
streams designated as Exceptional Value (EV), High Quality-Cold Water Fishery
(HQ-CWF), Cold Water Fishery (CWF), High Quality-Trout Stocking Fishery (HQ-TSF), Trout
Stocking Fishery (TSF), and Warm Water Fishery (WWF). CWF sites potentially influenced
by acid mine drainage were omitted from these analyses. EV sites potentially influenced
by urban or agricultural land use are indicated by open black triangles and were not
included in Fig. 6. Land use measures shown are % Forest-watershed (deciduous,
coniferous, and mixed combined), % Row Crop-watershed and 30-m buffer, and Urban
Indicators (% Impervious Surface 1985-watershed, % Low Density Urban-watershed, and
Population Density 2000).

Pennsylvania are Exceptional Value, and 27% are High Quality), they clearly deserve special protection from land and water uses
that would result in degradation.
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Question 3:

Do our descriptions of stream condition agree with the Impaired and Unimpaired designations from the Pennsylvania Department
of Environmental Protection?
The results of our Schuylkill study generally
agreed with the results from PA-DEP's

Table 1. Comparison of stream descriptions for 115 sites in the Schuylkill River basin
based on macroinvertebrate data collected by the Stroud Water Research Center versus
labels applied by PA-DEP based on their macroinvertebrate data as well as other data.

Surface Water Assessment Program. Sites
classified as Poor by our data were generally
in stream reaches that PA-DEP had labeled

Stream labels based on Stroud data
PA-DEP Labels

Impaired. In fact, only 2 of 27 Good sites

Good

Fair

Poor

from our study were considered Impaired by

Unimpaired

25

41

9

PA-DEP, and only 9 of 32 Poor sites from our

Impaired

2

7

20

study were considered Unimpaired by

Other

0

8

3

PA-DEP. The Poor or Impaired sites have lost
a significant portion of their biodiversity,
presumably in response to human activities, as they are primarily in watersheds with intensive mining or a combination of
agricultural and urban land use.
Where our results differ from those of PA-DEP is that our data describe a broad range of conditions among streams labeled
simply as Unimpaired. For example, many sites listed as Unimpaired by PA-DEP had lost 30 - 60% of their pollution-sensitive
macroinvertebrates relative to Good or Exceptional Value sites. Such sites have clearly degraded in response to environmental
stressors and would have been classified Fair in our analysis. Because there is a gradient of conditions among streams (e.g.,
Fig. 1), a simple two-label system used for regulatory purposes fails to convey important information needed to understand,
manage, and protect many streams. A multi-label system accompanied with a continuous, numeric measure of stream health such
as a multimetric index would better communicate conditions at each site. In addition, the public's perception of the spirit and
original intent of anti-degradation regulations would suggest that any measurable degradation of stream condition results in a
measurable reduction in the quality and/or quantity of designated uses. Thus, less dramatic degradation than is presently
observed should be acknowledged and incorporated into management, protection, and restoration efforts in order to avoid the
extreme degradation that is so costly and challenging to address at streams presently designated as Impaired.

Question 4:

Has the outstanding water quality been maintained in streams granted Special Protection status (i.e., Exceptional Value or High
Quality)?
No one really knows. The only way to assess accurately whether streams are being adequately protected is with data from a
regular monitoring program. Unfortunately, our search of available data indicates that Pennsylvania DEP has not monitored most
Special Protection streams in the Schuylkill basin annually - or even regularly. We observed a wide range of stream conditions for
three High Quality and four Exceptional Value streams, but no significant trend of increasing or decreasing stream condition over
the 11 years of our Schuylkill study. Two observations of concern were notable among these seven sites. First, Special Protection
status did not prevent one Exceptional Value stream from undergoing extensive suburbanization (e.g., impervious cover doubled
to 19%) that appears to have impacted it's wild trout fishery. Second, another Exceptional Value site appeared degraded in 3 of
11 years, and this may be due to human activities in upstream reaches that were not granted Special Protection status. An
analysis of long-term USGS data for two High Quality and two Exceptional Value streams within or near the Schuylkill basin
found stream condition at all sites improved markedly (e.g., a 50-100% increase in pollution-sensitive macroinvertebrates)
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between the 1970s and the 1990s, but did not change in the last 10+ years. Thus, although we cannot assess conclusively the
overall effectiveness of Special Protection status, data from 11 sites indicate there has not been a major loss (or improvement) of
stream condition over the last 10 years when they had Special Protection status. At the same time, Special Protection status has
not prevented activities that are known to degrade water quality in some streams.

Question 5:

Are there things that can be done to better to protect all waterways?
Yes, our analyses suggest certain philosophies and practices that will enhance the protection of all streams in Pennsylvania.
1)

Recognize that stream degradation occurs gradually and that greater human development and activity lead
to greater stream degradation. Our data do not support past suggestions that streams do not respond to human
activity until a threshold is crossed. Consequently, every decision we make about land use and cover has the potential
to affect stream condition.

2)

Plant and protect trees. There is a positive connection between stream quality and watershed forest cover. Our data
suggest stream condition is better when forests are maintained, and we do know from other studies that streamside
forests can both reduce the movement of human pollutants into streams and increase the ability of streams to process,
degrade, or otherwise sequester pollutants that do enter them.

3)

Monitor regularly and frequently. This is particularly important if a watershed is undergoing change because,
without data, we cannot accurately assess the results of protection, conservation, and restoration efforts. Monitoring a
site once every 5 years yields only four data points over 15 years, which is insufficient to gauge all but the most
dramatic changes that may occur. Monitoring a site every 10 years, which has occurred at some sites, is even worse.

4)

Protect watersheds, not just stream sections. Exceptional Value and High Quality streams are relatively rare and
highly significant features in the Pennsylvania landscape. For downstream reaches of streams that deserve Special
Protection, it is crucial that Special Protection status be granted to the entire upstream watershed as well. We need to
treat these Pennsylvania jewels the way we treat other natural and cultural treasures. We would never disqualify an
historic building for special protection or preservation just because it has some broken windows or rotten boards —
we would fix the damage as part of the plan to preserve the building. Likewise, we would never ignore the roof of an
historic building while attempting to protect the rest of the structure and its contents — we would preserve the roof
first. If there are tributaries upstream of Special Protection sections that do not presently qualify for Special Protection
status, then these streams should be improved as part of the protection process so that Special Protection status can be
extended, and these valuable streams are better enhanced and stabilized.
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