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COMPARISON OF AQUATIC MACROINVERTEBRATES IN THE GENERAL
CATEGORIES OF COLD WATER FISHERY,  TROUT STOCKING FISHERY,  
AND WARM WATER FISHERY

The three primary labels used to address aquatic life in the streams and rivers of Pennsylvania are Cold Water Fishery, Trout

Stocking Fishery, and Warm Water Fishery. These designations reflect the biology of these waterways based on the thermal 

characteristics of the fish assemblage that can be supported and sustained at a site. Cold Water Fisheries are able to maintain

and/or propagate fish species (including trout) and additional flora and fauna that are indigenous to a cold-water habitat; Trout

Stocking Fisheries are able to maintain stocked trout from February 15 to July 31 and maintain and propagate fish species and

additional flora and fauna that are indigenous to a warm water habitat; Warm Water Fisheries are able to maintain and/or 

propagate fish species and additional flora and fauna that are indigenous to a warm water habitat. It is generally believed that

other biological variables such as macroinvertebrates are also responding to the factors that affect fish. Aquatic life designations

play an important role in management and regulatory decisions and efforts. 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. (These are preliminary estimates provided by PA-DEP

based on 2003 data and are subject to change as data are revised and reviewed).

Our examination of stream categories and conditions was based on an 11-year study of the Schuylkill River basin that the Stroud

Water Research Center initiated in 1996. The Schuylkill River drains ~ 4950 km2 in southeastern Pennsylvania and flows for 211

km through several population centers (e.g., Pottsville, Reading, Pottstown, Phoenixville, Norristown) before its confluence with

the Delaware River at Philadelphia. The watershed has a complex topography and geology as the river flows through three 

physiographic regions (i.e., the Ridge and Valley, New England (Reading Prong), and Piedmont Provinces). We chose the Schuylkill

basin because of its integral role in southeastern Pennsylvania and because this single basin has a variety of land uses — 

ranging from historic coal mining to intensive row crop farming, and from old urban development to recent suburban sprawl —

that are representative of the major sources of stream pollutants for Pennsylvania. The streams are relatively close together,

making geology, climate, hydrology, and vegetation more similar than if we combined data collected across a larger spatial scale.

This fact allowed us to assume that the macroinvertebrates in these streams were generally similar before human activities

changed these watersheds and the streams that drain from them.

The project was designed to help the public understand the quality of their local streams and to establish a baseline for evaluat-

ing restoration and protection efforts in the watersheds. We formed partnerships with local and regional organizations to identify

and prioritize issues and interests, and to help with site selection and property access. We have data from 115 sites in the

Schuylkill basin — 19 sites were sampled every year to measure annual variation in their condition, while 96 were sampled once

over the course of the study. Among these 115 sites, 57% were labeled as Cold Water Fishery, 37% as Trout Stocking Fishery, and

7% as Warm Water Fishery. The difference between our study and the overall abundances across Pennsylvania reflects our focus

only on wadeable streams and rivers in the Schuylkill basin, especially those of greatest interest to local watershed groups.

Generation and Statistical Analyses of Macroinvertebrate and Land Cover Data — Macroinvertebrate samples were

collected between late March and late April when a variety of species are large and more easily identified. Five quantitative 

samples were collected randomly from a single riffle at each site using a modified Hess sampler (0.088 m2 sample area; 500-µm

mesh net). During sampling, the substrate was disturbed and dislodged, each stone was scrubbed and inspected, and 

macroinvertebrates were collected in the sampler's net. After collection, macroinvertebrate samples were preserved in 80% Ethyl

Alcohol (ETOH), transported to the laboratory, and split into four or more equal subsamples. Subsampling reduced the number of

individuals examined from each sample towards our target of 200 individuals per subsample. Because macroinvertebrate densities
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varied greatly across sites and years, the subsample size processed varied from whole samples to 1/16 of a sample.

Macroinvertebrates were removed from subsamples under magnification (6-12 x) and identified to family (most insects) or

order/class (most non-insects) using keys derived from Peckarsky et al. (1990) and Merritt and Cummins (1996). The samples

were processed in the laboratory by 88 college students (5-14 summer interns per year) recruited from 43 colleges or universities.

The students were provided initial training in macroinvertebrate identification techniques, and they quickly acquired the skills

needed to collect data. All identifications and counts in every sample were rechecked after initial processing.

We examined the similarities and differences

among sites using two statistical approaches:

(1) biometrics, which convert the presence,

relative abundance, and pollution tolerance

of the macroinvertebrates collected at a site

into summary indexes for that site, and (2)

Non-metric Multidimensional Scaling (NMS),

which is an non-parametric ordination 

technique that compares the abundances of

the macroinvertebrates collected to identify similarities and differences among sites. Biometrics are standard tools used in stream

assessments by both state and federal governments. In our analyses, we used the multimetric Macroinvertebrate Aggregated

Index for Streams Score; Smith and Voshell 1997) to translate the presence, relative abundance, and pollution tolerance of the

various macroinvertebrate families at a site into 10 individual metrics (Table 2) that are then combined into a single score. The

MAIS score was developed with macroinvertebrate data from more than 400 sites in Pennsylvania, Maryland, West Virginia, and

Virginia. It relies on family-level identifications, which we felt was a conservative approach to collecting and comparing data from

different interns across different years. MAIS Scores range from 0-20, where scores greater than 13.1 (Good) indicate macroinvertebrate

assemblages are characteristic of clean, healthy streams; scores less than 6.0 (Poor) indicate macroinvertebrate assemblages have

lost many pollution-sensitive species and are characteristic of streams experiencing severe environmental stress; scores between

13.1 and 6.0 (Fair) indicate the streams are experiencing moderate environmental stress. MAIS Scores for each sample were

based on their macroinvertebrate data standardized to a preset number of individuals (i.e., 200 individuals drawn at random

without replacement). This standardization is essential because the number of individuals per sample varies greatly and can

affect some measures of community structure such as those based on richness.

One-Way Analysis of Variance with a Tukey's multiple comparison test was used to identify significant differences between 

aquatic life uses based on MAIS Scores and selected land covers (Table 3). The arch-sine square root transformation was used

before analysis of all variables expressed as percentages while no transformations were applied in the analyses of MAIS Scores.

Non-metric Multidimensional Scaling, like other ordination techniques such as Principal Components Analysis, Correspondence

Analysis, and Detrended Correspondence Analysis, is used to help to find pattern in data that are otherwise difficult to resolve

and interpret. The use of ordination in stream assessments is still relatively new, yet it is being used increasingly in the United

States and other countries (e.g., Australia, Canada, Great Britain). The advantage of ordination is that it makes more use of the

data in its original form because it retains the contributions of individual macroinvertebrate abundances, rather than homogenizing

this information as is done in the calculation of metrics. The NMS ordination was done using log (x + 1) transformed densities for

all taxa. The following options were used in the NMS: Sorenson (Bray-Curtis) distance, 64 iterations, cut-off r2 set at 0.29, and

step length set at 0.2. Three axes were used based on results of a Monte Carlo test (30 runs, 0.0323). The plot of stress versus

iteration number was used to determine that the solution was stable (final stress = 14.3, instability = 0.00009). To improve the 

interpretation of ordination, matrixes based on land use/cover variables or individual macroinvertebrate families were created.

Once the ordination was derived, the spatial relationship among sites was correlated with potential land use variables or 

Table 2. The 10 component metrics combined into a single MAIS Score 

EPT Richness

Mayfly Richness

% EPT

% Ephemeroptera

% Dominant 5 taxa

Simpson's Diversity

Intolerant Richness1

Hilsenhoff Biotic Index

% Scrapers

% Haptobenthos

1 Pollution tolerance value < 5.0



individual macroinvertebrate families, and drawn as vectors on the two-dimensional plots.

These two analytical approaches allowed us to use macroinvertebrate data to examine water quality in relation to aquatic life

labels applied to streams in the region.

Differences Based on Macroinvertebrates — Each aquatic life label was represented by a wide range of MAIS Scores that

resulted in overlap among categories (Figs. 3 and 8). In the case of Cold Water Fisheries, there were sites in the upper Schuylkill

that receive acid mine drainage from 

abandoned mines and waste piles produced

by the anthracite coal mining industry that

once reigned through those watersheds. Acid

mine drainage is a unique environmental

stressor that can be toxic to most, if not all,

aquatic macroinvertebrates, depending on its

characteristics (e.g., acidity and metal 

concentrations). Because its impact is so 

dramatic and unusual (Figs. 3 and 9), the

presence of these sites in the analyses 

interfered with our ability to resolve differ-

ences between categories and the impor-

tance of other stressors at other sites. Once

we eliminated the 11 sites exposed to acid

mine drainage from the general analyses, the
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Table 3. Land use, land covers, and water chemistry variables used to describe conditions at and upstream of sites in the Schuylkill River basin.

Watershed variables 
(% of area)

Riparian buffer variables 
(30-m wide, % of area)

Water chemistry variables

low density urban

high density urban

pasture

row crop

coniferous forest

mixed forest

deciduous forest

wooded wetland

emergent wetland

quarries

coal mines

transitional

impervious surface 2000

impervious surface 1985

wastewater discharges (/100 km2)

population density 2000 (ind/km2)

low density urban

high density urban

pasture

row crop

coniferous forest

mixed forest

deciduous forest

wooded wetland

emergent wetland

quarries

coal mines

transitional

alkalinity

sulfate

chloride

conductivity

dissolved organic carbon

ammonia

nitrate

soluble reactive phosphate

total phosphorus

Fig. 9. MAIS Scores for 115 sites in the Schuylkill River basin, sorted from highest to
lowest score and by designated use for aquatic life: Cold Water Fishery (CWF), Trout
Stocking Fishery (TSF), and Warm Water Fishery (WWF). Cold Water Fishery (CWF) sites 
potentially affected by acid mine drainage from quarries and coal mines are orange.
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mean MAIS score for Cold Water Fisheries

(12.0), was significantly greater than for Trout

Stocking Fisheries (8.2) and for Warm Water

Fisheries (6.3) (Fig. 10). MAIS Scores did not

differ between Trout Stocking and Warm

Water Fisheries because of overlap between

the groups. Based on MAIS Scores, the 

majority of the Cold Water Fishery sites are

classified as either Good or among the higher

scoring Fair sites whereas many of the Trout

Stocking and Warm Water Fisheries sites are

near or below the classification line for the

Poor category (i.e., 6.0) (Fig. 9). Thus,

many of the Trout Stocking and Warm Water

Fisheries exhibited a significant loss of 

pollution-sensitive macroinvertebrates 

compared with Cold Water Fisheries (Figs. 5

and 10).

NMS ordination also highlighted the variation

within and overlap among designated uses.

Although the sites have been labeled as three

distinct groups, NMS oriented the sites into a

single group (Fig. 11). Cold and Warm Water

Fisheries were at opposite ends of the

macroinvertebrate gradient with little overlap

while Trout Stocking Fisheries overlapped markedly with both Cold and Warm Water Fisheries. This ordination suggests that the

structure of the macroinvertebrate assemblages in Cold and Warm Water Fisheries are generally different from each other, but

that macroinvertebrate assemblages in Trout Stocking Fisheries are not consistently distinct from Cold or Warm Water Fisheries.

Instead, some Trout Stocking Fisheries support macroinvertebrate assemblages that resemble Cold Water Fisheries while others

support macroinvertebrate assemblages that resemble Warm Water Fisheries.

We identified the macroinvertebrate families that contributed to the biological gradient between Cold and Warm Water Fisheries

in the NMS ordination (Fig. 11). Pollution-sensitive stoneflies (Pteronarciidae, Leuctridae, Perlodidae, Peltoperlidae, Chloroperlidae),

mayflies (Ameletidae. Leptophlebiidae), and caddisflies (Rhyacophilidae, Odontoceridae) were more abundant in the Cold Water

Fisheries portion of the gradient, as were other aquatic insects such the dipterans Anthericeridae and Blephariceridae, the 

dragonflies Aeshnidae and Cordulegastridae, and the beetle Ptilodactylidae. Pollution-tolerant noninsects (Isopoda, and the 

molluscs Planorbidae, Hydrobiidae, Viviparidae and Sphaeriidae) and insects (Caenidae, Coenagrionidae, Dytiscidae,

Hydrophilidae, Psychodidae, and Stratiomyiidae) were more abundant in the Warm Water Fisheries portion of the gradient. The

differences among sites aligned along NMS Axis 1 parallel the change in MAIS Scores between Cold and Warm Water Fisheries

(i.e., MAIS Scores decrease as NMS Axis 1 values increase from Cold Water to Warm Water Fishery; r = -0.64 (Fig. 11).

Environmental Factors Associated with Macroinvertebrate Differences — Macroinvertebrate differences described

with biometrics and NMS corresponded with differences in environmental factors known to affect macroinvertebrates such as

percent forest cover or population density. Based on averages for the individual categories, Cold Water Fisheries were generally
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Fig. 10. Macroinvertebrates described with the MAIS Score and Intolerant Richness
(number of pollution-intolerant families/200 macroinvertebrates; pollution tolerance
value < 5.0), watershed land use or cover as % Forest (deciduous, coniferous, and mixed
combined), % Row Crop, and % Impervious Surface in 2000, and Population Density
(people/km2) for streams designated as 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. Small-case letters are the results of a Tukey's multiple comparison
test where different letters indicate statistically significant (p<0.05) differences between
means for respective stream categories. CWF sites potentially influenced by acid mine
drainage were omitted from these analyses.
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found in more rural watersheds with high

proportions of the watershed forested 

(mean = 57%), limited row crop agriculture

(mean = 23%), low % impervious cover

(mean = 2.8%), low population densities

(mean = 102 people per km2), and few 

permitted discharges from wastewater 

treatment plants (mean <0.3 per 100 km2)

(Table 4, Fig. 10). Relative to Cold Water

Fisheries, Trout Stocking Fisheries were 

generally found in watersheds with about

half the forest cover (mean = 30% forest),

double the row crop agriculture (mean =

41%), impervious surface (mean = 5.0%),

and population densities (mean = 231 people

per km2), and eight times the number of 

permitted discharges from wastewater 

treatment plants (mean = 2.3 per 100 km2).

Warm Water Fisheries had land covers and

uses that also differed relative to Cold Water

Fisheries, but were similar to Trout Stocking

Fisheries (e.g., forest cover = 25 vs 30 %; %

row crop = 46 vs 41%; population density =

244 vs 231 people per km2) (Table 4). The

above analyses suggest distinct differences

between categories that are not evident

when looking across all of the MAIS Scores

(Fig. 9) or the gradients from the NMS (Fig. 11).

Both biometrics and NMS identified macroinvertebrate differences between rural watersheds that were well forested and had

few people versus urban watersheds with little forest, higher densities of people, and a greater proportion of urban infrastructure

and impervious surfaces (Figs. 6, 10 and 11). Across the Schuylkill basin, land cover and use in watersheds with Cold Water

Fisheries differed markedly from watersheds with either Trout Stocking or Warm Water Fisheries, but did not differ between Trout

Stocking and Warm Water Fisheries. These differences in land covers and uses explain, at least in part, the differences in fish 

and macroinvertebrates among sites. For example, watersheds with less forest will have more streams exposed to direct solar 

radiation, which could warm the waters to the point that the primary fish would be those that were able to tolerate these

warmer conditions and trout would only be present seasonally, if at all. Similarly, extensive urban and/or agricultural development

within a watershed increases the probability that water and habitat quality may change to a point that exceeds the tolerance of

some fish and macroinvertebrates.

The results suggest that maintaining forest cover has a positive effect on stream condition (Fig. 6). Unfortunately, we cannot 

separate the contributions of riparian versus upland forests because of the similar results for riparian and watershed forest cover.

We believe the parallel relationship between stream condition and either % forest in watershed or % forest in riparian reflects

the abundance of small streams (i.e., 0 and 1st order) that are generally not delimited in Geographic Information Systems (GIS)

analyses. GIS characterizes the forests surrounding these small streams as “upland” forests even though they are intimately tied
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Fig. 11. NMS ordinations summarizing similarities in macroinvertebrate abundance for
streams designated as Cold Water Fishery (CWF), Trout Stocking Fishery (TSF), and Warm
Water Fishery (WWF). Land use variables that correlate strongest with Axes 1, 2, or 3 are
% Forest-watershed (deciduous, coniferous, and mixed combined), % Row Crop-water-
shed and 30-m buffer, and Urban Indicators (% Impervious Surface 1985-watershed, %
Low Density Urban-watershed, and Population Density 2000). Macroinvertebrates that
contributed to the differences along this gradient are also shown. Cold Water Fishery
sites potentially influenced by acid mine drainage were omitted from these analyses.
NMS Axis 1 accounted for 34% of variability, Axis 2 - 18%, and Axis 3 - 36%.
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to the stream network. Thus, we believe the

increase in watershed forest cover is generally

an increase in riparian forest cover. We know

from other studies that streamside forests can

make the structure and function of streams

more natural. They can also 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. Thus, increased forest

cover can help reduce the intensity of human

activities in a watershed, buffer the stream

from human activities, and encourage a more

natural structure and function for the stream.

Overall it appears that increased forest cover

is good for streams, and all other things

being equal, protection and restoration of

forests can make a greater contribution to

stream condition if the forests are streamside

rather than upland.

In summary, the data from wadeable streams

and rivers the Schuylkill River basin indicate

that the labels used to designate different

uses for aquatic life for Pennsylvania streams

and rivers generally represent different types

of streams based on the presence and relative abundance of pollution-sensitive and pollution-tolerant macroinvertebrates. Cold

Water Fisheries are streams that generally support the greatest number of pollution-sensitive macroinvertebrates and drain

watersheds that are closest to their natural state; Trout Stocking and Warm Water Fisheries are streams that support a reduced

number of pollution-sensitive macroinvertebrates and drain watersheds that are moderately to greatly altered relative to their

natural state. That said, the Schuylkill data also indicate that there was significant variation among sites within each category. It

reflects known variation within the Cold Water and Trout Stocking Fisheries (e.g., Exceptional Value, High Quality or other Cold

Water Fisheries; High Quality or other Trout Stocking Fisheries; see Appendix II): and it also reflects that some sites are impaired

and unable to support their designated uses (see Appendix III). The range of conditions characteristic of each category illustrates

the challenge for managers and regulators that need to define limits and categories in a world where gradients of anthropogenic

activity create gradients of stream condition.
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Table 4. Land use percentages (mean ±1 SE for watershed scale), population density,
wastewater discharges, MAIS Scores, and Intolerant Richness (number of pollution-
intolerant families/200 macroinvertebrates) for Cold Water (CWF), Trout Stocking (TSF),
and Warm Water Fisheries (WWF). Small-case letters are the results of a Tukey's multiple
comparison test where different letters indicate statistically significant (p<0.05) 
differences between means for respective stream categories. CWF sites potentially 
influenced by acid mine drainage were omitted from these analyses.

% Forest 57.1 ± 2.7a 29.8 ± 2.7b 24.8 ± 4.2b

% Row crop 23.1 ± 1.8a 41.0 ± 1.9b 45.6 ± 4.1b

% Hay pasture 9.5 ± 0.8a 14.1 ± 0.8b 17.4 ± 1.7b

% Low density urban 3.6 ± 1.0a 8.1 ± 1.6b 6.7 ± 1.6ab

% High density urban 2.7 ± 1.1a 2.5 ± 0.7a 2.2 ± 0.8a

% Impervious surface 1985 1.3 ± 0.4a 2.1 ± 0.4b 2.6 ± 0.7b

% Impervious surface 2000 2.8 ± 0.9a 5.0 ± 1.0b 5.0 ± 1.1ab

Change in impervious 1.6 ± 0.5a 2.9 ± 0.6b 2.4 ± 0.5ab

surface

Population density 102.2 ± 18.9a 231.3 ± 31.0b 243.7 ± 43.6b

(/100 km2)

Wastewater discharges 0.3 ± 0.1a 2.3 ± 0.6b 2.5 ± 0.9b

(/100 km2)

MAIS Score 12.0 ± 0.4a 8.2 ± 0.6b 6.3 ± 1.0b

Intolerant Richness 9.4 ± 0.4a 7.0 ± 0.5b 5.7 ± 0.9b

Number of observations 55 41 8

CWF TSF WWF



COMPARISON OF AQUATIC MACROINVERTEBRATES IN EXCEPTIONAL
VALUE AND HIGH QUALITY STREAMS VERSUS OTHER STREAMS

Exceptional Value and High Quality are Special Protection designations that are awarded to the finest waters in Pennsylvania

based, at least in part, on outstanding chemical and biological conditions. The intent of the Special Protection designation is to

provide these streams with strong protection of all existing uses of the stream and against degradation of water quality.

Exceptional Value and High Quality waters are to be protected at their existing quality; water quality should not be lowered,

except when a discharge into a High Quality stream is the result of necessary social or economic development. Pennsylvania

Department of Environmental Protection estimates that 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. (These

values are preliminary based on 2003 data and subject to revision). Of the 115 sites we sampled in the Schuylkill River basin,

21% are classified as Exceptional Value and 17% as High Quality. The proportion of Exceptional Value streams is higher among

the study streams than the overall abundance in Pennsylvania because multiple sites were sampled in certain Exceptional Value

streams (e.g., French, Valley, Hay, and the upper Manatawny Creeks) or Exceptional Value streams were specifically targeted as

reference sites for assessing the degree of local degradation and to set local goals for restoration projects (e.g., Sacony and Pine

Creeks in the Maiden Creek watershed). This allowed our project to provide watershed groups with specific information about

their watersheds.

Statistical Analyses of Macroinvertebrate and Land Cover Data — This comparison of Special Protection and other

aquatic life labels relied on essentially the same data and approach used to examine Cold Water, Trout Stocking, and Warm Water

Fisheries in Appendix I. We identified the Cold Water Fisheries that had been designated as Exceptional Value or High Quality, and

the Trout Stocking Fisheries that had been designated as High Quality; no streams in the Schuylkill basin have been designated as

High Quality-Warm Water Fisheries (Fig. 12). The macroinvertebrate data were used in biometrics (after standardization) and NMS

ordination to classify and contrast the sites. Land use and land cover were from the same data as for Appendix I. One-Way

Analysis of Variance with a Tukey's multiple comparison test was used to identify significant differences between aquatic life uses

based on MAIS Scores and selected land covers.

Differences Based on

Macroinvertebrates — Among the 66

sites in the Cold Water Fisheries we sampled,

24 have been granted Exceptional Value 

status while 7 have been granted High

Quality-Cold Water Fishery status. These

spanned much of the range of MAIS scores

observed for Cold Water Fisheries, suggesting

that Exceptional Value streams were just a

random subset of Cold Water Fisheries.

However, the Exceptional Value sites with

low MAIS Scores were associated with two

streams [i.e., Valley Creek (6 sites) and Hay

Creek (2 sites)] where we believe 

anthropogenic activities may have changed

the streams biologically relative to other

Exceptional Value streams in the region. We

removed the data for these eight sites for

the analyses of Exceptional Value and High

7 STROUD WATER RESEARCH CENTER |  UNDERSTANDING STREAM CONDITIONS IN PENNSYLVANIA 

Appendix II

Fig. 12. MAIS Scores for 115 sites in the Schuylkill River basin, sorted from highest to
lowest score and by special protection category and designated use for aquatic life:
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). Exceptional Value sites potentially affected by local land use
(urban or agricultural) are shown in black; Cold Water Fishery sites potentially affected
by acid mine drainage from quarries and coal mines are shown in orange.
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Quality streams.

Among the remaining sites, there was 

significant overlap between the Exceptional

Value and High Quality-Cold Water Fishery

streams when sorted by MAIS Score, and the

Exceptional Value and High Quality-Cold

Water Fishery streams were distributed

throughout the upper 2/3 of the Cold Water

Fisheries (Fig. 12). For example, MAIS scores

for EV streams ranged from 8.8 to 18.1

(mean = 13.7) while the High Quality-CWF

streams ranged from 10.8 to 14.6 (mean =

12.6). Both Special Protection categories

within the Cold Water Fisheries averaged

MAIS Scores that were higher than sites 

classified only as Cold Water Fisheries (mean

= 12.0; range = 0.6 - 17.0), and the pattern

of Exceptional Value > High Quality-CWF >

Cold Water Fishery) was as expected 

(Fig. 13, Table 5). However, variation in scores

within each group was great enough that

MAIS Scores did not differ statistically among

the three groups.

Fig. 13. Macroinvertebrates described with the MAIS Score and Intolerant Richness
(number of pollution-intolerant families/200 macroinvertebrates; pollution tolerance
value < 5.0), watershed land use or cover as % Forest (deciduous, coniferous, and mixed
combined), % Row Crop, and % Impervious Surface in 2000, and Population Density
(people/km2) for streams designated as Exceptional Value (EV), High-Quality Cold Water
Fishery (HQ-CWF), Cold Water Fishery (CWF), Trout Stocking Fishery (TSF), High-Quality
Warm Water Fishery (HQ-WWF) and Warm Water Fishery (WWF). Higher MAIS Scores
indicate a healthier stream with more pollution-sensitive macroinvertebrates. Small-case
letters are the results of a Tukey's multiple comparison test where different 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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Table 5. Summary of land use and land cover percentages, MAIS Score, and Intolerant Richness (number of pollution-intolerant families/200
macroinvertebrates) for 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). Small-case letters are the results of a Tukey's multiple
comparison test where different letters indicate statistically significant (p<0.05) differences between means for respective 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.

% Forest 67.4±3.8a 66.3±9.5ab 52.4±3.9ab 42.0±6.0bc 24.7±2.3d 24.8±4.2cd

% Row crop 19.7±2.8a 20.0±7.1a 29.1±2.4ab 37.6±4.7bc 42.5±1.8c 45.6±4.1c

% Hay pasture 7.9±1.1a 8.2±2.4ab 12.8±1.2abc 10.1±1.2bc 15.7±0.9c 17.4±1.7c

% Low density urban 0.7±0.2a 0.8±0.4ab 1.6±0.4ab 4.2±1.0abc 9.8±2.2c 6.7±1.6bc

% High density urban 0.0±0.0a 0.0±0.0ad 0.3±0.1ac 1.9±1.1ab 2.7±0.9b 2.2±0.8bcd

% Impervious surface 1985 0.1±0.0a 0.2±0.1ab 0.4±0.1ab 1.2±0.5bc 2.5±0.5c 2.6±0.7c

% Impervious surface 2000 0.3±0.1a 0.4±0.2ab 0.9±0.3ab 2.9±0.9bc 5.9±1.3c 5.0±1.1c

Change in impervious surface 0.2±0.1a 0.2±0.1ad 0.5±0.1ab 1.7±0.5bcd 3.4±0.8c 2.4±0.5c

Population density (/100 km2) 50.9±6.1a 46.9±14.7a 68.6±11.0a 144.3±20.7b 267.2±41.4b 243.7±43.6b

Wastewater discharges (/100 km2) 0.4±0.2a 0.0±0.0a 0.4±0.2a 1.2±0.6a 2.8±0.7a 2.5±0.9a

MAIS Score 13.7±0.6a 12.6±0.5a 12.0±0.6a 10.6±0.7a 7.2±0.7b 6.3±1.0b

Intolerant Richness 10.9±0.5a 9.6±1.0a 9.8±0.5a 9.3±0.4a 6.0±0.6b 5.7±0.9b

Number of observations 16 7 24 12 29 8

EV HQ-CWF CWF HQ-TSF TSF WWF



Of the 41 Trout Stocking Fisheries that we

sampled in the Schuylkill basin, 12 were 

designated as High Quality-TSF (Fig. 12). The

High Quality-TSF had a mean MAIS Score of

10.6 (range = 5.3 - 14.5) (Fig. 13, Table 5).

This value was greater than for Trout Stocking

or Warm Water Fisheries, and appeared lower

(but not statistically different) than for

Exceptional Value, High Quality-Cold Water

Fishery, and Cold Water Fishery streams. Thus,

the general pattern among categories is as

would be expected (e.g., Exceptional Value

and High Quality-Cold Water Fishery are 

better than High Quality-Trout Stocking

Fishery, and High Quality-Trout Stocking

Fishery is better than Trout Stocking and

Warm Water Fisheries).

NMS produced a gradient in 

macroinvertebrage assemblages from Exceptional Value to Warm Water Fishery with overlap between adjacent categories (Fig.

14). There was little overlap among the extremes of the gradient (i.e., Exceptional Value versus Warm Water Fishery). Because the

data are the same, the macroinvertebrate families that contributed to the biological gradient in Figure 14 were the same as those

that contributed to the gradient between Cold and Warm Water Fisheries examined in Appendix I (Fig. 11). Pollution-sensitive 

stoneflies (Pteronarciidae, Leuctridae, Perlodidae, Peltoperlidae, Chloroperlidae), mayflies (Ameletidae. Leptophlebiidae), and 

caddisflies (Rhyacophilidae, Odontoceridae) were more abundant in the Exceptional Value and High Quality-Cold Water Fisheries

portion of the gradient, as were other aquatic insects such the dipterans Anthericeridae and Blephariceridae, the dragonflies

Aeshnidae and Cordulegastridae, and the beetle Ptilodactylidae. Pollution-tolerant noninsects (Isopoda, and the molluscs

Planorbidae, Hydrobiidae, Viviparidae and Sphaeriidae) and insects (Caenidae, Coenagrionidae, Dytiscidae, Hydrophilidae,

Psychodidae, and Stratiomyiidae) were more abundant in the Warm Water Fisheries portion of the gradient. The differences

among sites aligned along NMS Axis 1 parallel the change in MAIS Scores between Exceptional Value and High Quality-Cold

Water Fisheries and Warm Water Fisheries (i.e., MAIS Scores decrease as NMS Axis 1 values increase from Exceptional Value and

High Quality-Cold Water Fisheries to Warm Water Fishery; r = -0.64).

Environmental Factors Associated with Macroinvertebrate Differences — As with the analyses comparing Cold

Water, Trout Stocking, and Warm Water Fisheries in Appendix I, greater forest cover was associated with greater stream condition

as measured with macroinvertebrates while greater anthropogenic activity was associated with reduced stream condition (Figs. 6,

13, and 14; Table 5). Watersheds with Exceptional Value and High Quality-Cold Water Fishery streams had land covers and uses

that suggested slightly less anthropogenic activity than for other Cold Water Fisheries, although none of these differences were

significant (Fig. 13, Table 5). Watersheds with High Quality-Trout Stocking Fishery streams had land covers and uses that suggested

less anthropogenic activity than for Trout Stocking or Warm Water Fisheries; these differences were also not always statistically

significant. However, anthropogenic activity was clearly greater for High Quality-TSF than for Exceptional Value, and to a lesser

degree than for High Quality-CWF. NMS produced a similar gradient in macroinvertebrage assemblages from Exceptional Value to

Warm Water Fishery with increasing anthropogenic activity (Fig. 14). The general trend that stream condition decreases as % 

forest decreases again suggests that protecting and restoring forests is good for streams (Appendix I).

Annual Variation Confounds Subtle Differences Among Sites — One issue that confounded our comparison of sites

was that the sites were not all sampled in the same years. Our sampling of the original 19 sites in the Schuylkill basin found that

the macroinvertebrate communities at each site vary among years (Fig. 15). MAIS scores ranged between 2 (e.g., between 12 and
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Fig. 14. NMS ordinations 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). Land use variables that
correlate strongest with Axes 1, 2 or 3 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). 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 triangle.



14 for Pickering Creek) and 11 points (e.g.,

4 and 15 for Unami Creek) over the 11-year

study. Thus, it would not be unexpected for a

site with an average MAIS score of 6 to

range as high as 9 and as low as 3, or for a

site with an average MAIS score of 13 to

frequently range as high as 16 and as low as

10. Even with this annual variation, there

was a limit to the potential classification

error because a Good site such as

Manatawny Creek was never scored as Poor,

and a Poor site such as Wissahickon Creek

was never scored as Good. Thus, the large

differences in macroinvertebrate communities

we observed among sites (Fig. 1) appear to

reflect primarily the range of anthropogenic

activities that occur within the study 

watersheds as opposed to factors that vary

annually. Annual variation such as this has

rarely been quantified, and remains poorly understood. We believe that annual variation is real (i.e., not primarily a sampling

error) and represents the influence of natural phenomena such as climatic patterns/events and biotic interactions as well as 

anthropogenic factors such as land use, waste treatment and disposal, and stormwater management. It presumably also reflects

the annual interaction between these natural and anthropogenic factors. While annual variation is less of a factor in distinguishing

between Good and Poor sites, its potential impact is much greater on efforts to resolve more subtle differences such as between

Exceptional Value and High Quality-CWF. We suspect that overlap such as between Exceptional Value and High Quality-CWF or

between High Quality-CWF and Cold Water Fishery sites reflects annual variation in our original data as well as the PA-DEP data

used to assign the designations. Thus, we would not generally view them as errors in designation because we know that the

available data supported the designation at the time it was awarded.

In summary, macroinvertebrates indicate that Exceptional Value and High Quality-CWF streams are among the best Cold Water

Fisheries we sampled. Similarly, macroinvertebrates indicate that High Quality-Trout Stocking Fisheries are generally healthier

than other Trout Stocking and Warm Water Fisheries we sampled. There were similarities between macroinvertebrate assemblages

in Cold Water Fishery and High Quality-TSF whereas macroinvertebrates suggest that High Quality-CWF and High Quality-TSF

streams support different assemblages. The overall pattern of Exceptional Value > High Quality-CWF > Cold Water Fishery > High

Quality-TSF > Trout Stocking Fishery > Warm Water Fishery (Fig. 13) was as expected given the labels applied and current land

covers and uses. However, variation within each group was great enough and sample sizes small enough that MAIS Scores and

land covers did not differ statistically among adjacent groups. For example, differences were not statistically different among the

three Cold Water Fishery groups, and often among the three Trout Stocking/Warm Water Fishery groups. However, MAIS Scores

were greater and anthropogenic activities less intense for Exceptional Value and High Quality-CWF than for Trout Stocking and

Warm Water Fisheries. Our ability to resolve differences statistically was reduced by dividing the sites among six categories, and

the only consistent statistical differences involved comparisons of Exceptional Value versus Trout Stocking and Warm Water

Fisheries (Fig. 13, Table 5). Additional sites and observations per site are needed to confirm these similarities and differences

among the other categories.
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Fig. 15. Annual variation (1996-2006) in MAIS Scores among 19 sites distributed
throughout the Schuylkill River basin.

M
A

IS
 S

co
re

Yearly Means (1996 - 2006)



A COMPARISON OF AQUATIC MACROINVERTEBRATES IN UNIMPAIRED
AND IMPAIRED STREAMS

Section 303(d) of the Clean Water Act requires each state identify waters that are impaired by pollution to the point that they are

unable to support one or more of their designated uses (i.e., aquatic life, fish consumption, recreation, or potable water supply).

Being labeled as Impaired has significant implications in terms of how the Clean Water Act and Pennsylvania's Clean Streams

Law regulate the use, management, and protection of these waters. The Pennsylvania Department of Environmental Protection's

preliminary analysis of the Statewide Surface Water Assessment Program (SSWAP) from 1997 through 2006 found that 68,333

miles (82%) of Pennsylvania streams have been designated as Unimpaired by supporting their designated use(s) while 14,942

miles (18%) have been designated as Impaired by not supporting their designated use(s). (These data are subject to revision).

These results reflect an integrated macroinvertebrate and habitat assessment, and may also consider advisories and restrictions

for fish consumption, recreation, or drinking.

Statistical Analyses of Macroinvertebrate and Land Cover Data — Analyses paralleled efforts described in Appendices

I and II, except that sites were labeled as Supporting (all designated uses), Impaired (not supporting one or more designated

uses), Supporting/Impaired (labeled as both Supporting and Impaired), and Unassessed based on information we received from

Pennsylvania DEP that was current as of 2006. The first step of this examination of Unimpaired and Impaired streams relied on

our macroinvertebrate data from 115 sites in the Schuylkill basin, including streams potentially receiving acid mine drainage and

Exceptional Value streams believed to be degraded (cf Figs. 1 and 12). The macroinvertebrate data were used in MAIS Scores

(after standardization, as in Appendices I and II) to classify and contrast the sites relative to the labels assigned by Pennsylvania

DEP. The second step was to remove the 11 sites known to be exposed to acid mine drainage because this environmental stressor

dominates analyses (e.g., Fig. 3), followed by Tukey's multiple comparison test to assess statistical significance of differences

between labels assigned by Pennsylvania DEP, and by NMS Ordination to compare and contrast the sites relative to the labels 

(as in Appendices I and II). Land use and land cover were from the same data as in Appendices I and II.

Differences Based on Macroinvertebrates — Of the 115 sites we examined in the Schuylkill Basin, 29 sites (25%) were in

reaches considered Impaired by Pennsylvania DEP (Fig. 16). Most (69%, 20 of 29 sites) of these Impaired sites were classified as

Poor based on our macroinvertebrate data while 24% (7 sites) were classified as Fair (Table 6). Only two sites of these Impaired

sites were classified as Good based on our macroinvertebrate data. The 75 sites considered Supporting by Pennsylvania DEP

included most of the sites classified as Good

(92%, 25 of 27 Good sites) or Fair (85%, 41

of 48 Fair sites) as well as several sites that

were classified as Poor (31%, 9 of 29 Poor

sites) based on our macroinvertebrate data

(Fig. 16, Table 6). Overall, the labels applied

by Pennsylvania DEP generally agreed with

labels based on our macroinvertebrate 

collections. Sites labeled as Impaired and not

supporting their designated uses by

Pennsylvania DEP were generally labeled as

Poor or low Fair (i.e., MAIS Score < 7.0)

based on their highly modified 

macroinvertebrate community. Nine sites

classified as Poor by our macroinvertebrate

data were considered Supporting their 

designated uses by the Pennsylvania DEP.
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Appendix III

Fig. 16. MAIS Scores for 115 sites in the Schuylkill River basin, sorted from highest to
lowest score and by Pennsylvania Department of Environmental Protection's label of
Supporting their designated uses, Impaired or Other (Unassessed or mixed designation 
as Supporting and Impaired).
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We believe the smaller discrepancies (e.g., a

low Fair site labeled Impaired or a Poor site

labeled Supporting) reflect annual variation

that occurs naturally at each site (see Fig. 15

in Appendix II), sampling error within and

between studies, and/or small changes in

stream conditions. Any of these factors can

change a label when interacting with a 

simple regulatory threshold. There were also

two sites that were classified as Good based

on our macroinvertebrate collections that

Pennsylvania DEP considered Impaired. We

believe these larger differences (e.g. an

“Impaired” site scored as Good) may reflect

factors other than just macroinvertebrates

(e.g., fish consumption or drinking advisories)

that Pennsylvania DEP also incorporates into

classifications.

Overall, Impaired sites had lower MAIS 

Scores and fewer pollution-intolerant 

macroinvertebrates than Supporting sites 

(Fig. 17, Table 7). However, the differences

illustrated in Figure 17 and Table 7 

underestimate the degree of degradation that

has occurred at Impaired sites because

Supporting sites include a wide range of 

conditions (including Exceptional Value and

High Quality sites). The transition from an

Exceptional Value or High Quality Supporting

site to an Impaired site is analogous to the

transition from Good to Fair to Poor. Among

our Schuylkill sites, Poor sites supported an

average of 3.4 pollution-sensitive families

(range = 0.2 - 6.9 families) whereas Good

sites supported an average of 11.8 sensitive

families  (range = 8.3 - 15.3) and Fair sites

supported an average of 8.2 pollution-

sensitive families (range = 4.7 - 11.8) (Fig. 2).

Thus, the average Poor site had lost more than

70% of the pollution-sensitive macroinvertebrates

found at an average Good site, and the average Fair site had lost more than 30% of the pollution-sensitive macroinvertebrates

found at an average Good site. The lowest-scoring Fair site had lost 69% of the pollution-sensitive macroinvertebrates at 

the highest-scoring Good site, while the lowest-scoring Poor site had lost more than 99% of the pollution-sensitive 

macroinvertebrates at the highest-scoring Good site. The transitions from Good to Fair and from Fair to Poor both clearly 

represent a significant loss in biodiversity, especially for pollution-sensitive macroinvertebrates (Fig.2), as does the transition from

Unimpaired to Impaired. The NMS in Figure 14 was relabeled to compare Supporting, Impaired, Supporting/Impaired, and

Table 6. Comparison of stream descriptions for 115 sites in the Schuylkill River basin
based on macroinvertebrate data collected by the Stroud Water Research Center 
and converted to MAIS Scores versus labels applied by PA-DEP based on their 
macroinvertebrate data as well as other data.

PA-DEP Labels

Supporting 25 41 9

Impaired 2 7 20

Supporting/Impaired 0 6 2

Unassessed 0 2 1

Good Fair Poor

Stream labels based on Stroud data      

Fig. 17. Macroinvertebrates (described with the MAIS Score and Intolerant Richness),
watershed land use or cover as % Forest (deciduous, coniferous, and mixed combined),
% Row Crop, and % Impervious Surface in 2000, and Population Density (individuals/
km2) for streams designated as Supporting designated aquatic uses, Impaired and unable
to support designated use(s), and Other (unresolved or unassessed). Higher MAIS Scores
indicate a healthier stream with more pollution-sensitive macroinvertebrates. Small-case
letters are the results of a Tukey's multiple comparison test where different letters 
indicate statistically significant (p<0.05) differences between means for respective 
categories.
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Unassessed sites (Fig. 18). In general, the

Impaired sites were positioned on the positive

side of NMS Axis 1, but with both positive and

negative values along NMS Axes 2 and 3.

Supporting and Impaired sites were not 

distinctly different categories as there were

Supporting sites adjacent to many Impaired

sites. This indicates that some Supporting 

and Impaired sites possess similar 

macroinvertebate assemblages even though

they have different labels. Because the data

are the same, the macroinvertebrate families

that contributed to the biological gradient

between Supporting and Impaired streams in

Figure 18 were the same as those that 

contributed to the gradient between Cold and

Warm Water Fisheries in Figure 11 and

between Exceptional Value/High Quality and

Warm Water Fisheries in Figure 14 

(Appendices I and II). Pollution-sensitive 

stoneflies (Pteronarciidae, Leuctridae,

Perlodidae, Peltoperlidae, Chloroperlidae),

mayflies (Ameletidae. Leptophlebiidae), and

caddisflies (Rhyacophilidae, Odontoceridae)

were more abundant in Supporting streams, as

were other aquatic insects such the dipterans

Anthericeridae and Blephariceridae, the 

dragonflies Aeshnidae and Cordulegastridae,

and the beetle Ptilodactylidae. Pollution-tolerant noninsects (Isopoda and the molluscs Planorbidae, Hydrobiidae, Viviparidae and

Sphaeriidae) and insects (Caenidae, Coenagrionidae, Psychodidae, Stratiomyiidae, and Hydrophillidae) were more abundant in

Impaired streams. It is important to note again that these sites are distributed along a gradient rather than as two distinct

groups. Thus, there are many sites considered Supporting in the current regulatory program that are really at least moderately

impaired, with macroinvertebrate communities that are more similar to an Impaired site than to an Exceptional Value site (Figs.

16 and 18).

Environmental Factors Associated with Macroinvertebrate Differences — Land covers and uses clearly differed

between watersheds that were able to support all of their designated uses (Supporting sites) and those that were unable to 

support one or more of their designated uses (Impaired sites) (Fig. 17; Table 7). Watersheds with Supporting streams had land

covers and uses that indicated less anthropogenic activity than for other Impaired streams: forest cover was greater (49.5 vs

26.5%), urban development was less (3.5 vs 17.5%), impervious cover was less (1.7 vs 8.5%) and population density was less

(106 vs 321 people/100 km2) (Table 7). Agricultural activity was relatively high and did not differ between Supporting and

Impaired watersheds. We believe that the comparability of agricultural activity between Supporting and Impaired sites does not

suggest that agricultural activity does not contribute to impairment in the Schuylkill River basin because there are sites with

intense agricultural activity that were labeled Impaired and had low MAIS Scores. The combination of high agricultural activity

and urban development at Impaired sites suggests that the majority of Impaired streams in the Schuylkill River basin were

degraded by both (Note: sites potentially influenced by acid mine drainage, all of which were classified as Impaired, were omitted

from these NMS analyses). This illustrates the complexity of identifying and remediating environmental stressors in the Schuylkill
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Table 7. Land use percentages (mean ±1 SE) at watershed scale, population density,
wastewater discharges, MAIS Scores, and Intolerant Richness (number of pollution-
intolerant families/200 macroinvertebrates) for sites labeled as Supporting, Impaired, and
other by Pennsylvania DEP. Small-case letters are the results of a Tukey's multiple 
comparison test where different letters indicate statistically significant (p<0.05) 
differences between means for respective categories. Sites potentially influenced by acid
mine drainage were omitted from these analyses.

% Forest 49.5 ± 2.7a 26.5 ± 3.2b 33.5 ± 5.4b

% Row crop 31.2 ± 1.8a 37.5 ± 2.8a 27.0 ± 5.5a

% Hay pasture 11.6 ± 0.7a 13.9 ± 1.3a 10.8 ± 2.9a

% Low density urban 2.8 ± 0.4a 12.7 ± 3.3b 13.5 ± 3.4b

% High density urban 0.7 ± 0.2a 4.8 ± 1.6b 11.7 ± 4.1b

% Impervious surface 1985 0.7 ± 0.1a 3.7 ± 0.8b 5.2 ± 1.6b

% Impervious surface 2000 1.7 ± 0.3a 8.5 ± 1.9b 11.5 ± 3.3b

Change in impervious 
surface 0.9 ± 0.2a 4.8 ± 1.2b 6.3 ± 1.7b

Population density 
(/100 km2) 106.3 ± 11.0a 320.6 ± 58.8b 300.8 ± 71.3b

Wastewater discharges 
(/100 km2) 0.8a ± 0.2a 2.7 ± 0.7a 1.67 ± 1.5a

MAIS Score 11.2 ± 0.4a 6.3 ± 0.8b 8.1 ± 1.0b

Intolerant Richness 9.1 ± 0.3a 5.6 ± 0.7b 6.0 ± 0.8b

Number of observations 55 41 8

Supporting Impaired Other



River basin — it is rarely a single factor

and identifying the relative importance of

these factors is not easy. It also helps

explain why agricultural and urban vectors

ran somewhat in parallel in the NMS

analyses (Figs. 11, 14, and 18).
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Fig. 18. NMS ordinations summarizing similarities in macroinvertebrate abundance for
streams designated by Pennsylvania Department of Environmental Protection as
Supporting their designated uses or as Impaired because it is unable to support one or
more designated use. Land use variables that correlate strongest with Axes 1, 2 or 3 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). CWF sites potentially influenced
by acid mine drainage were omitted from these analyses.
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LONG-TERM CHANGES IN EXCEPTIONAL VALUE AND HIGH QUALITY
STREAMS

Pennsylvania grants Special Protection status to its finest streams and rivers in order to provide strong protection of all existing

uses of these waters and against degradation of water quality. High Quality and Exceptional Value waters are to be protected at

their existing quality; water quality should not be lowered, except when a discharge into a High Quality stream is the result of

necessary social or economic development. The only way to assess whether this antidegradation mandate is being enforced is

with data from a regular monitoring program. Unfortunately, our search for available data suggests that most Special Protection

streams in the Schuylkill basin are not monitored often or regularly. The sites with the most data are Exceptional Value sites that

are used as “reference” sites in the assessment of petitions for new Special Protection sites, the Exceptional Value and High

Quality sites that have been included in our Schuylkill study (1996-2006), and the Exceptional Value and High Quality sites that

are included in the macroinvertebrate monitoring program conducted by United States Geological Survey (USGS) in partnership

with the Chester County Water Resources Authority.

Statistical Analyses of Macroinvertebrate Data — The assessment of long-term changes in stream condition relied on

two sources of data: our 11-year study of 19 sites in the Schuylkill River (Appendix 1) and four sites from the multi-year study

conducted by United States Geological Survey and the Chester County Water Resources Authority (Reif 2002). Our Schuylkill data

include three High Quality sites (Pickering, Unami, Upper Perkiomen) and four Exceptional Value sites (Valley, West Branch

Perkiomen, French, Hay) (Fig. 14). The macroinvertebrate data from the Schuylkill River study were converted to MAIS Scores after

standardization as in Appendices I-III, and the significance of temporal trends assessed with a simple linear regression of annual

means from 1996-2006. From the USGS data, we examined sites in French Creek (High Quality since the 1980s, upgraded to

Exceptional Value based on data from 2003), Pickering Creek (High Quality since the 1980s) and Valley Creek (Exceptional Value

since 1993) from the Schuylkill River basin, and one site in the East Branch of Brandywine Creek (High Quality since the 1980s),

which is adjacent to French and Pickering Creeks but not part of the Schuylkill basin. The USGS data covered from the early

1970s through 2006. For the data through 1997, macroinvertebrates at a site were characterized based on the individuals collected

in autumn from 10 rocks (45-90 mm in diameter) in a single riffle. The macroinvertebrate collection method was changed in 1998

to four Hess samples (0.5-mm mesh) per site. All samples were entirely processed. We expressed the data as a commonly used

biometric: the number of pollution-sensitive (pollution Tolerance Values < 5) families standardized to 200 individuals (i.e.,

Intolerant Richness in Appendices I-III).

Differences Based on

Macroinvertebrates — We observed a

range of Good, Fair, and Poor conditions

among years at all 19 sites in the Schuylkill

River basin (Fig. 15), but no significant trend

of increasing or decreasing stream condition

at any site over this time period. While there

was no consistent change in stream 

condition, one Exceptional Value site attracted

our attention: Hay Creek. Our site on the

lower Hay Creek is of concern because stream

condition appeared very low for three years

(1996, 1997, 2006) compared with nine other

observations from that site and from the

other Exceptional Value sites (Fig. 19).

Different degrees of protection have been
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Appendix IV

Fig. 19. MAIS Scores for Hay Creek (Site 8) and the West Branch of Perkiomen Creek
(Site 19), 1996-2006.
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assigned to different sections within the Hay

Creek watershed, and the arrangement of

these protections may contribute to this 

variation in the lower Hay Creek. The main

stem begins as Exceptional Value, decreases

to a Cold Water Fishery, and then increases

again to Exceptional Value after the 

confluence with the High Quality tributary

Beaver Run (Fig. 20). Our 2006 data from

upstream and downstream sites (Fig. 20) 

suggests that the environmental stress 

originates in the less protected middle 

reaches as opposed to the Exceptional Value

headwaters and High Quality Beaver Run.

The West Branch of Perkiomen Creek (Fig. 19)

is somewhat of a challenge, with the

Exceptional Value main stem created by

headwaters that receive less protection as

Cold Water Fisheries. In contrast to Hay

Creek, stream condition has remained 

relatively good over the years (MAIS Score >

10.7 in every year). In both Hay Creek and the West Branch of Perkiomen Creek, the downstream Exceptional Value reaches are

vulnerable to degradation because part or all of the headwaters that form the Exceptional Value section presently receive less

than maximum protection. This reduced protection may contribute to stream degradation in some years for lower Hay Creek, but

does not yet appear to be a factor at the West Branch of Perkiomen Creek site.

In an effort to put the annual variation and changes from our 11-year study of the Schuylkill basin into perspective, we analyzed

data from the early 1970s through 2006 for four sites that have been collected by the USGS in partnership the Chester County

Water Resources Authority. Overall, stream condition at all four sites improved significantly over the 30+ years examined. In most

cases, the number of pollution-sensitive families collected increased 50-100% between the 1970s and the early 1990s (Fig. 21).

However, the trend of improving stream condition does not appear to continue across the last 10+ years of the data when these

streams had Special Protection status. Thus, the available data from these four streams does not indicate that there has been a

major loss of stream condition when they were covered by their Special Protection status. At the same time, Special Protection

status did not result in stream condition continuing to improve similar to the 1970s through the 1980s. Rather, the available

macroinvertebrate evidence indicated that stream condition in these four streams has not improved significantly in the last 

10+ years.

Valley Creek is unique among all of the sites examined here in that it is an Exceptional Value limestone stream in a watershed

where suburban development is extensive and continues to increase. Valley Creek presents a variety of contrasts and contradictions.

For example, it flows through numerous dedicated open spaces such as Valley Forge National Park as well as township parks and

nature preserves, yet the watershed is among the most developed (upstream of our site, the watershed has 21% low 

density urban development, 21% high density urban development, and 19% impervious cover) and densely populated (an 

average of 385 people per km2 in 2000) in the Schuylkill basin. Population density within the watershed has long been high yet

little or no treated wastewater is discharged into Valley Creek because local municipalities spent millions of dollars replace small,

malfunctioning sewer discharges with a regional sewer system that discharges directly into the Schuylkill River. When the Valley

Creek watershed was designated as Exceptional Value in 1993, it was rated a "Class A" wild trout stream with three times the

wild brown trout population required by that classification, macroinvertebrates had improved dramatically, and public interest

Fig. 20. Map of the Hay Creek watershed, with stream sections colored to indicate
stream designation (Exceptional Value (EV), High Quality - Cold Water Fishery  (HQ-CWF),
Cold Water Fishery (CWF)). Site 8 was sampled annually (Fig. 11 and 19) while Sites 107-
111 were sampled only in 2006.



was intense (Valley Creek Trustee Council

2004). Since then, this Exceptional Value

watershed has experienced more extensive

development (impervious cover almost 

doubled between 1985 and 2000) than any

other Exceptional Value watershed, as well as

almost all Trout Stocking or Warm Water

Fisheries in this region. The ability of this

Special Protection watershed to absorb 

this development has been mixed. On the

positive side, the wild brown trout population 

continues to attract fishermen from throughout

the region, and macroinvertebrates have not

declined dramatically and remain healthier

than they were in the 1970s and 1980 (Fig.

21). On the negative side, it appears that the

wild brown trout population is smaller and

less widely distributed than in 1993, trout

physical condition has declined (Steffy 2003,

Valley Creek Trustee Council 2004, Steffy and

Kilham 2006), and macroinvertebrate

improvements have not continued and may

have actually declined (Fig 21). In addition,

increased impervious cover has resulted in

more storm water detention structures, but

there is no evidence that these have reduced

peak flows that contribute to local flooding and streambed and bank erosion (Emerson et al. 2005).
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