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Trout Unlimited and the West Branch Susquehanna Restoration Coalition
The West Branch Susquehanna River and its tributaries drain approximately 7,000
square miles of Pennsylvania landscape unparalleled in beauty and often referred to as the midAtlantic’s treasure chest. This watershed, covering an area twice the size of Yellowstone National Park, is nestled among thousands of acres of public lands including state forests, parks,
and game lands, as well as, much of the Pennsylvania Wilds region. Unfortunately, the West
Branch Susquehanna watershed is also home to over 36,800 acres of abandoned mine land and
more than 1,200 miles of polluted streams as a result of the drainage of these lands. Notably, in
terms of impaired stream miles, the West Branch Susquehanna basin is likely the most polluted
basin of its size in the nation.

In 2004, Trout Unlimited (TU) established the West Branch Susquehanna Restoration
Initiative. Through this Initiative, Trout Unlimited is acting as the lead catalyst in the comprehensive and coordinated cleanup of abandoned mine drainage throughout the watershed. The
West Branch Susquehanna Restoration Coalition (WBSRC) was created from an identified need
for a common grassroots entity to promote on-the-ground restoration and education efforts.
This project and subsequent report, completed for the Old Town Sportsman’s Association, is a product of the unique relationship between TU and the WBSRC and their efforts to
increase student involvement in watershed association-led remediation efforts. The majority of
the work included in this project was completed by the following interns (in order of internshipdate): Eric Weaver, Aaron Furguiele, Lori Smith, Zack Bassett, and Zeb Buck.
For more information about TU or the WBSRC, visit www.tu.org , www.wbsrc.com, or
call 570-748-4901.
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Abstract
The purpose of this study was to evaluate the health of the West Branch Susquehanna
River between Curwensville and Clearfield, Pennsylvania, based on various water chemistry
parameters and benthic macroinvertebrate populations.
This study was designed to answer the following questions: 1)What is the present day
water quality of the West Branch Susquehanna River between Curwensville and Clearfield?; 2)
How does the present water quality compare to historic data, namely that of the USGS study of
1984?; 3) What is the present status of the benthic macroinvertebrate populations within the
study area?
Water chemistry in the main stem of the West Branch Susquehanna River and five
named tributaries entering within the project area was evaluated for standard abandoned mine
drainage parameters including pH, acidity, iron, manganese, aluminum, and sulfates. Benthic
macroinvertebrates were collected using the EPA’s Rapid Bioassessment II protocol and were
evaluated using a series of six metrics collectively known as the Index of Biological Integrity.
Results of the study show that the water quality of the river has changed significantly
since the USGS study in 1984, mostly for the better; however, some parameters, such as sulfates have remained the same or actually worsened. Benthic macroinvertebrate populations,
though fairly abundant at some sample locations, still indicate that the river is impaired by
abandoned mine drainage. Although this section of the West Branch has improved dramatically
over the past 25 years or so, it is apparent that there is still work to be done in order for it to
meet its full potential as a fishery.
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Background
Abandoned Mine Drainage Pollution
Historical coal mining activities near Clearfield have had important economic and ecological relevance. In 1803, the first ark of coal mined from the Clearfield area was transported
down the West Branch Susquehanna River (Sisler, 1926) and by 1998, approximately 820 million short tons of coal had been mined out of the county (Dodge and Edmunds, 2003). Although economically important, unregulated historical mining produced sulfuric acid by uncovering and weathering pyrite (Fool’s Gold), which under normal circumstances has little interaction with oxygen and water. The resulting acid-laden water then leached heavy metals such as
iron, aluminum, and manganese from the surrounding environment and polluted many of the
waters in and around Clearfield, the effects of which are still seen today. In fact, Clearfield
County is presently home to more than half of the 1,205 miles of abandoned mine drainage impaired waters in the West Branch Susquehanna River watershed.

Biomonitoring and Site Selection
Acid mine drainage and acid precipitation have had measurable impacts on the aquatic
life of the upper West Branch Susquehanna River. The degree of impact can be measured via
biomonitoring which utilizes benthic macro-invertebrate populations, algae or fish as indicators
of ecological integrity (Spellman, 2001). "The biological condition of a stream is used as the
primary indicator of water quality,” wrote McMorran in the Susquehanna River Basin Commission’s 1985 report. “Streams of higher quality support more diverse and abundant biological
communities. Decreased abundance and less diversity are usually indicators of some type of
stress which may be due to pollution. Chemical analyses provide data which indicates the type
5

and source of pollution affecting a stream."
For the purpose of this assessment, benthic macro-invertebrate populations were collected at nine river locations between Curwensville and Clearfield (Table 1, Figure 1). Water
quality samples were collected at both the upstream and downstream river sites that define the
study area, as well as, at the mouth of five tributaries entering this river section (Table 1, Figure
1). Water quality samples were evaluated for standard mine drainage constituents including
pH, conductivity, acidity, alkalinity, sulfates and the dissolved metals iron, aluminum and manganese.
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West Branch River at
Elliot's Park
West Branch River
above 879 Bridge
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Montgomery Run
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Site Location

-78.4407

41.023233

-78.435983
-78.416183

41.03165
41.027133

-78.437933

-78.4407

41.023233

41.03105

-78.4574

-78.4622

-78.4958

-78.49905

-78.489667

-78.490283

-78.504517

-78.521117

-78.519083

Longitude (W)

41.00495

41.00355

40.981417

40.9791

40.975733

40.9654

40.97805

40.9722

40.9614

Latitude (N)

Coordinates

Table 1: Sampling Site Locations & Details
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Figure 1: Sampling Site Locations

Methods
Macroinvertebrates
Macroinvertebrate collections were conducted according to the US Environmental Protection Agency’s Rapid Bioassessment Protocol II (RBP II) for wadeable, freestone streams.
The Pennsylvania Department of Environmental Protection (DEP) also provides guidelines for
macroinvertebrate collection based on the RBP II, called the In-stream Comprehensive Evaluation (ICE) protocol, with the purpose of standardizing collection methods so results at a sampling location can be meaningfully compared over time and comparisons can also be made between the results from different locations. These comparisons indicate the relative ecological
integrity of surface waters.
Taxanomic and numeric information acquired by the standardized collection procedure
is applied to six biological metrics. These six metrics have been combined into a single index
known as the Index of Biological Integrity (IBI).
These guidelines are subject to revision by the DEP. The method used for this study
was adapted from the most current DEP guidelines available in May of 2008.
For this study, macroinvertebrate samples were taken at nine sites in the West Branch
Susquehanna River on May 5, May 6, August 26 and August 27, 2008. A D-frame net with
500-micron mesh was placed on the river bottom. The rocky substrate of the river bottom was
disturbed by kicking for one minute over an area of one square meter upstream from the net.
Where possible, substrate was disturbed to a depth of 10 cm. Material disturbed by the kicking
is carried by the water current into the net and captured by the mesh. Each one-minute disturbance of the substrate is known as a "kick." A total of six kicks were performed within a 100meter length of river at each of the nine locations sampled. Where possible, riffles were chosen
9

for sampling as they represent the best available habitat for macroinvertebrates. The material
collected during the six kicks was combined into a bottle and preserved with ethanol. This bottle then contained the sample for the site, and the invertebrates it contained were identified by
taxa for analysis using the IBI.

Water Chemistry
Water samples were taken near the mouth of each of the five tributaries studied and
from the uppermost West Branch location (above Anderson Creek) and the lowermost West
Branch location (above Route 879 Bridge). A grab sample method was used utilizing sample
bottles provided by Mahaffey Laboratory, a state-certified lab that was contracted to analyze the
samples for standard abandoned mine drainage parameters including pH, acidity, alkalinity, and
dissolved metals. Samples that were to be analyzed for metals concentrations were fixed in the
field using 1:1 nitric acid. All samples were then kept on ice until being delivered to the laboratory. Field measurements were also taken for pH, specific conductance, and temperature.

Flow
Flow measurements were taken at the mouth of each of the five tributaries using a Price
AA current meter, top setting rod, and tape measure. Some flow information for the main stem
of the West Branch was derived from the USGS gauging stations located at Curwensville Dam
and the Hyde Bridge as well, although exact river discharge measurements were not taken at
specific locations within the project area.
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Site Descriptions
West Branch River above Anderson Creek
The West Branch River above Anderson Creek site is
located approximately 150 feet upstream from the mouth of
Anderson Creek. The site is located within the borough of
Curwensville, Pennsylvania (population 2,650) and is popular
with fishermen. Common game fish include smallmouth bass,
crappies, yellow perch and trout.
Near the bank, the river bottom is composed
of silt, sand, and organic detritus to a depth of more
than two feet. In the swifter current near the center
of the river channel, the bottom is composed of sandstone boulders and there is little to no embeddedness
of the substrate. From this site to the Curwensville
Civic Center, a distance of about 1,500 feet, the flat water of the river breaks up and encounters
a series of riffles.
A U.S. Geologic Survey river gage is located 1.8 river miles upstream, at Irwin Park and
measures drainage from a land area of 380 square miles (McMorran, 1985). The flow rate was
estimated to be approximately 500 cubic feet per second on May 6, 2008 (USGS, 2008) which
means that the watershed draining to this gage was delivering on average 1.3 cubic feet of water
per second from each square mile of land area.
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Anderson Creek
The Anderson Creek site is located in the borough of Curwensville; in Anderson Creek,
just downstream from an out-of-service railroad trestle. The stream is visibly polluted at this
location. Streambed rocks were coated with both white and orange precipitate and the embeddedness of the substrate is significant. The stream channel has been physically altered by
bridge construction and the remains of concrete structures in the channel. Riparian vegetation
is dominated by Japanese knotweed.
The headwaters of Anderson Creek gather
in the Moshannon State Forest, near S.B. Elliot
state park, at an elevation of 2,080 feet.

The

stream follows a 20 mile course to the river, with a
vertical drop of 960 feet to an elevation of 1,120 at
the river (DER, 1974). A 210-acre impoundment is located in the headwaters. This reservoir
supplies municipal drinking water for the city of DuBois. The water drawn from the Anderson
Creek impoundment is eventually transferred out of the Susquehanna River basin altogether-the municipal effluent from DuBois discharges into the Ohio River basin by way of Sandy Lick
Creek. A land area of 78 square miles is drained by Anderson Creek (SRBC, 1985). Eightyfour percent of this land is forested, 11.7 percent is used for agriculture, and 1.3 percent is developed (WPC, 2006). Historic coal and clay mines cover 2.6 percent of the watershed area
(WPC, 2006). The impact of these mines on the water quality of Anderson Creek is severe.
The lower reaches of Anderson Creek are nearly devoid of aquatic life; however, above its confluence with Little Anderson Creek, near the town of Rockton, Anderson Creek supports
aquatic life, including trout, and is popular among fishermen.
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The West Branch River above Hogback Run
The West Branch River above Hogback Run site is located near the ClearfieldCurwensville highway (Route 879), about one mile
east of Curwensville. The site was accessed by way
of the Rails-to-Trails parking area adjacent to the
highway. The river-channel at this site is relatively
wide and the water shallow. During low flow, the
river forms some small riffles here. Near the bank,
there is an accumulation of silt and organic detritus to a depth of two to three feet. In the main
channel flow, the substrate is composed of sandstone gravel, cobble and small boulders. The
riparian vegetation is dense and varied. Japanese knotweed, invasive to the West Branch Susquehanna region, is mostly absent from the immediate area. Some footpaths have been worn
from Rails-to-Trails, through the dense vegetation, to the water.

Hogback Run
Hogback Run was sampled approximately 450 feet
above its confluence with the
West

Branch

Susquehanna

River and immediately above
its passage through a pipe, under a dirt road. The headwaters
of Hogback Run begin near the village of Bloomington. The stream then flows to the northeast
13

where it joins the West Branch. Historical laboratory analysis of water samples has shown Hogback Run to have the lowest levels of acidity and highest levels of alkalinity of the five tributaries studied—despite historic and current coal mining operations in the watershed.

West Branch River below Hogback Run
The West Branch River below Hogback Run
was easily accessible from Hogback Run Road. This
dirt road follows the river through a wooded area for
three quarters of a mile, providing convenient access
in a secluded setting, well away from Route 879.
Riparian cover is complete with the exception of the aforementioned dirt road. Japanese knotweed creates a monoculture in the 15-foot margin between the road and the river. This is a
popular handicapped-accessible spot for fly fishing.
The river bed is composed of sandstone cobble, and flow is impounded above Hogback
Run. As the river approaches the mouth of Hogback Run, sandstone boulders break through the
surface creating deep riffles.

Hartshorn Run
The Hartshorn Run site is located one quarter mile upstream from its confluence with the West Branch Susquehanna
River where it crosses the Rails-to-Trails. The headwaters of
the tributary begin to gather at an elevation of 1,980 feet in forested land and the stream meets the river at an elevation of
14

1240 feet. In the lower section of the stream, water quality is impaired by abandoned surface
mines and from a discharge from an extensive underground clay mine. Active surface mine
permits are still in effect in the watershed (DEP, 2004). The Clearfield County Conservation
District is expected to publish a watershed assessment of Hartshorn Run in March 2010. Preliminary data collected as part of this assessment indicate that Hartshorn Run is of marginal water quality. Depressed pH and elevated levels of aluminum impair the stream; however, brook
trout are found above the stream’s mine discharges (unpublished, Clearfield County Conservation District).

West Branch River below Hartshorn Run
The West Branch River site below Hartshorn
Run is located immediately behind Anderson Equipment on Route 879. There is an out-of-service railroad bridge across the river that is currently part of
the Clearfield-Curwensville Rails-to-Trails. Access
to the river from the railroad bridge is made difficult by a steep bank covered with loose gravel
and thick foliage. Approximately two miles downriver from this site, the river has been artificially constricted by the construction of a new bridge on Route 879. The increased flow velocity and turbulence are probably prohibitive to canoe passage, except during low flow.
The river bottom at this site is composed of sandstone cobble. The riparian zone is
mixed agriculture and forest with some commercial development.
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Montgomery Run (Creek)
The Montgomery Run site is located one
quarter mile upstream from the tributary’s confluence with the river at the Hyde post office. At this
location, Montgomery Run is severely impaired by
mine drainage pollution. The Clearfield Municipal
Authority maintains a reservoir 3.5 miles upstream, which along with three wells, provides
drinking water to 15,000 people in Clearfield Borough and Lawrence Township (CMA, 2003).
Above this reservoir Montgomery Run is classified as a high quality, cold-water fishery by the
PA Department of Environmental Protection. The land-area above the dam is 98% forested and
has been declared unsuitable for mining (CMA, 2003). The abandoned mine discharges begin
to compromise the biological integrity of Montgomery Run almost immediately below the dam.
The PA Fish and Boat Commission stocked trout below the reservoir beginning in 1932 but by
1957 the water quality was significantly degraded and the stream was removed from the stocking schedule (CCCD, 2008).

West Branch River at the Hyde Bridge
The West Branch River at the Hyde Bridge site is located immediately below the Hyde Bridge. From this location,
the uppermost reach of water impounded by the Raftsman’s
Dam can be seen. A riffle area begins immediately below the
Hyde Bridge and extends upriver approximately 2,000 feet to
the mouth of Montgomery Run. The West Branch Susquehanna
16

River and the flow from Montgomery Run are not homogenized at this site and the interface
between the tributary and the river is apparent by the discoloration of the river bed along the
bank below the entrance of Montgomery Run.
The West Branch Susquehanna River gains almost 100 square miles of drainage area
between the Irwin Park river gage located approximately 1.8 miles above the most up-stream
site in this study and the Hyde bridge. Seventy-eight of the 100 square mile gain is owed to the
addition of Anderson Creek. As
a result of the additional drainage area, the flow rate increased
from 500 cubic feet per second
at Irwin Park on May 5, 2008 to
650 at the Hyde Bridge (USGS,
2008). The amount of flow contributed per square mile of each watershed area remained constant at 1.3 cubic feet per second
per square mile.

West Branch Susquehanna River at Lower Witmer Park
The West Branch Susquehanna River at Lower Witmer Park site is located within the
borough of Clearfield, less than 20 feet from the boat
launch ramp at Lower Witmer Park.

At this loca-

tion, the riparian zone is municipal/residential and
much of it is paved. Because of the Raftsman’s Dam
impoundment approximately 4,500 feet downstream,
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this river section is deep and slow-moving. The river bottom is covered with sediment and organic detritus. Lower Witmer Park is a popular handicapped-accessible spot for fishing, especially for young children. The deep, slow-moving water lends itself to bait and bobber fishing
for carp and catfish.

West Branch Susquehanna River below Raftsman’s Dam
The West Branch Susquehanna River below Raftsman’s
Dam site is located at outflow from The Raftsman’s Dam,
about 20 feet below the dam structure. The riparian area at this
site is comprised of commercial buildings, parking lots and
roads. Downstream gives way to fragmented vegetation and a
tree-lined riverbank. The river bottom is comprised of sandstone cobble and the river is aerated via the dam spillway.
This site is the most-fished location within the study area. Smallmouth bass, crappie, yellow
perch, trout, chain pickerel, and various non-game fish species are common.

Moose Creek
The sampling location on Moose Creek is approximately 300 feet upstream from the tributary’s confluence with
the river at the intersection of River Road and Mount Joy Road.
The stream shows obvious signs of impairment at this location.
The final half mile of its course is within the borough of Clearfield. Route 322 closely follows the stream for a mile and a
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half as it approaches the borough. Over this length, Moose Creek receives road salt, anti-skid
material and residential storm-water runoff. Upstream from the borough, the stream receives a
significant input of coal mine drainage.
Despite the degraded condition of lower Moose Creek, the headwaters begin in state forest land and the upper portion of the tributary is a recognized trout fishery. The Moose Creek
Reservoir is located about two and a half miles upstream from the mouth, and construction of a
municipal water treatment facility is currently underway below the reservoir.

West Branch Susquehanna River at Elliot’s Park
The West Branch Susquehanna River at Elliot’s Park site is located adjacent to Elliot’s Park
canoe launch. This site contains multiple riffles and
is a popular location for fishermen.

The Elliot’s

Park bank of the river is mowed for a length of about
600 feet while the opposite bank is vegetated by a dense monoculture of Japanese knotweed .
Access to the opposite side of the river is restricted by the knotweed and also by the R.J. Corman railroad company, which operates a railroad facility nearby. The uppermost discharge of a
series of sewage overflow gates that release untreated sewage during larger storm events is located within close proximity of this site location.

West Branch Susquehanna above Route 879 Bridge
The West Branch Susquehanna above Route 879 Bridge is the most downstream site in
the survey and is located near the entrance to the Clearfield County Career and Technology
19

Center. At this location, the river is composed of frequent riffles. A railroad yard and multi-acre ethanol
production complex are located adjacent to this site.

Hydrologic Conditions Prior to Sampling
Rainfall and River Volume
Figures 2 and 3 show daily rainfall and river flow conditions prior to the sampling events. May
samples were collected at flows comparable to the mean daily flow rates at the West Branch
Susquehanna River near Curwensville as determined by the USGS (approx. 500 cfs). The median daily flow rate for 43 years of data record was approximately 400 cfs on May 5, 2008.
There was little to no rainfall preceding the August sampling and river flows were low (approx.
60 cfs) in comparison to the historical median daily flow rate (approx .135 cfs).

Curwensville Flood Control Dam
The Curwensville Flood Control Dam is located two miles upriver from the West
Branch above Anderson Creek, the most upstream site in this survey. The breast of the dam is
2,850 feet wide, 25 feet thick at the top, and has a storage capacity of 124,200 acre-feet. The
impoundment extends 14 miles upriver beyond Lumber City (SRBC, 2005). The US Army
Corp of Engineers (Army Corp) has the ability to release water at varying depths and thus varying temperatures from the Curwensville Dam. Currently, the Army Corp releases warmer water
from a top-release gate per recommendation from the PA Fish and Boat Commission. In 2007,
the Army Corp rejected a request to switch to a cooler temperature water release from a bottomrelease gate as the PA Fish and Boat Commission manages the river-reach below the dam as a
20

warm-water fishery, with smallmouth bass the target game fish (The Progress, 2007).
Figure 4 shows the effect that water releases from the dam have on down-river flow; the
West Branch Susquehanna River at Bower is located above the dam, and the West Branch Susquehanna River near Curwensville is located approximately 0.8 miles below the dam.
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Figure 2: Precipitation & Stream Flow prior to May Sampling
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Figure 3: Precipitation & Stream Flow prior to August Sampling
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Figure 4: River Flow above & below Curwensville Dam
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Effects of Heavy Metals on Aquatic Life
Aluminum (Al)
Aluminum, like many other metals, occurs
naturally in water at very low concentrations. However, higher concentrations of aluminum are often
associated with mining activities (Sharma, 2008).
Abandoned coal mine drainage often produces iron
and sulfuric acid, which in turn, lowers the pH of
water and increases the solubility of aluminum. Aluminum solubility increases at pH levels less than 5.5
and greater than 6.5, and it will precipitate out of solution at a pH of 5.7 to 6.2. Precipitated aluminum appears chalky or white on the stream substrate.
When coupled with acidic waters at a concentration of 0.5 mg/L or higher, aluminum is
toxic to fish. At these conditions the aluminum ions accumulate on fish gills, clogging them and
limiting respiration. This limitation can result in the death of the fish.
The fatal concentration of aluminum for trout is 1.5 mg/L. Aluminum accumulation on
trout gills is highest at a pH of 6.8 and moderate at a pH 5.0 to 9.0 (Canadian Journal of Fisheries, 2005). Of the three main heavy metals that result from acid mine drainage (aluminum, iron
and manganese) aluminum is found to be the most toxic to aquatic life.

Iron (Fe)
Iron is an important component in a fish’s respiratory system. Iron binds well with oxy23

gen; therefore, it is an important factor for carrying oxygen throughout the fish. In trout, iron
uptake occurs naturally during feeding (NRC, 1993). Although natural waters usually contain
very low levels of soluble iron; trout can also absorb some soluble iron through their gills, but
this method is not the trout’s
primary source.

Once ab-

sorbed, trout can store iron in
their spleen, liver, and kidney
(NRC, 1993).
Iron can be toxic to trout
in high concentrations (>1 mg/L) and is even more detrimental in low pH waters. In iron rich
waters, the element can precipitate on the epithelial layer of the gill of the fish causing gill damage and decreasing the fish’s ability to diffuse oxygen through its gill. This accumulation of
iron causes the fish to asphyxiate and die. Gill damage is also associated with disrupting the
fish’s ability to regulate sodium (Na+) and chlorine (Cl-) concentrations. Iron precipitation on
the gills also increases the diffusion distance across the gill which causes a decrease in oxygen
uptake. Trout exposed to iron rich environments also experience elevated blood glucose levels,
which is an indicator that the fish is under environmental stress (Seppo & Pekka et. al.).
The accumulation of iron on the gills of the trout is more significant in lower pH waters.
Aquatic environments with low pH (pH<6.0) greatly increase the length of time iron takes to
oxidize, which results in an increase in the precipitation of iron on the fish’s gill (Seppo &
Pekka et. al.). Therefore, trout living in AMD impacted waters are even more susceptible to
iron toxicity due to low pH. Iron toxicity develops in trout exposed to 1,380 mg Fe/kg. Iron
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toxicity causes decreased growth, increased mortality, and damage to liver cells after prolonged
exposure (NRC, 1993).
Manganese (Mn)
Manganese, having a distinctly black colored precipitate, is distributed throughout surface soils, ground water, and aquatic sediments; however, except at acid mine drainage locations, manganese is rarely found at concentrations exceeding 1.0mg/L. The toxicity of manganese is directly proportional to water hardness, and it is acutely poisonous at relatively high
aqueous concentrations. Chapter 93 Water Quality Criteria as listed by the Pennsylvania Department of Environmental Protection identify the limit for manganese in potable water as being
1.0 mg/L (Pa. Code §93.7 ).
Studies
show that brown
trout exposed to
concentrations of
manganese

ex-

ceeding 8.0 mg/L, perform 25% less, grow significantly slower, and have at least a 30% higher
mortality rate than brown trout raised in water with only trace amounts of manganese. Other
studies have shown that high concentrations of manganese are negatively correlated with the
overall length and weight of pike, perch, and other fish.

General
Aside from the direct effect of heavy metals on fish health, these pollutants also disrupt
the food chain by coating the stream bottom with precipitate. These metal precipitates occupy
25

crevices between rocks and make substrate surfaces slippery, thus limiting available habitat for
benthic macroinvertebrates. In this manner, heavy metals also limit the available food source
for many fish species.

Fishing Addendum
Based upon the following study results, as well as, the information above regarding
available macroinvertebrate habitat, a fishing addendum (Appendix 1) was developed for this
report that identifies the most common macroinvertebrate species that are likely to be found at
each sampling location, as well as, their scientific name, a photograph of both the nymph and
adult stages, the corresponding fly for each one, as well as, common hook sizes.
It is hoped that this information will be useful to those who already fish the study area,
and will encourage others to fish the area as well.
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Results
West Branch above Anderson Creek
All of the water quality constituents collected in May and August 2008 met Department
of Environmental Protection Chapter 93 water-quality criteria (Table 2). Generally, all water
quality parameters have improved slightly since a similar sampling in 1984 conducted by the
USGS , with the exception of aluminum which has remained about the same and sulfates which
have increased slightly (Table 2).
Table 2: Historic and present water quality data for West Branch above Anderson Creek
pH (Standard Units)
Conductivity (uS)

May-84
6.5
267

Jul-84
5.4
310

May-08
7.3
380

Aug-08
7.7
503

Alkalinity (mg/L)

23

26

46

64

Acidity (mg/L)

5

25

-28

-49

Total Iron (mg/L)
Total Manganese (mg/L)
Total Aluminum (mg/L)
Sulfate (mg/L)

0.48
0.35
0.1
91

0.38
0.38
0.20
0.39
0.21
0.09
0.2
0.24
0.13
110
122
148
Does not meet PA DEP Chapter 93
Water Quality Criteria

Benthic macroinvertebrate populations were sampled once at this location in August
2008. Benthic macroinvertebrates were found to be present at this location with Hydropsychidae caddisflies and Caenidae mayflies being the most common in the collections (Addendum
1). However, the calculated Index of Biological Integrity (IBI) score of 46.1 was still below the
threshold deemed appropriate for a healthy warm-water fishery (Figure 5).

Anderson Creek
Of the water quality constituents collected in May and August 2008, only aluminum
concentrations (0.52 mg/L in May and 0.53 mg/L in August) were found to be consistently of
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concern (Figure 9). At 5.5, pH was slightly low during the May 2008 sampling event; however, this constituent has increased substantially over approximately the last 25 years as seen by
comparing the 2008 data to the 1984 USGS data (Table 3). Aluminum levels in Anderson
Creek have also improved, but the visual impact of this metal is more apparent because the increase in pH has allowed dissolved aluminum to precipitate out of solution and cover the substrate. Other water quality parameters have generally improved or remained the same since the
USGS study.

Table 3: Historic and present water quality data for Anderson Creek
pH (Standard Units)
Conductivity (uS)
Alkalinity (mg/L)
Acidity (mg/L)

May-84
4.6
180
2
9.9

Jul-84
4.2
240
0
35

May-08
5.5
195
6
12

Aug-08
6.6
286
12
7

Total Iron (mg/L)
Total Manganese (mg/L)
Total Aluminum (mg/L)
Sulfate (mg/L)

0.95
1.2
1.2
57

0.29
0.29
0.83
2.1
0.62
0.74
1.8
0.52
0.53
87
59
92
Does not meet PA DEP Chapter 93
Water Quality Criteria

West Branch River above Hogback Run
Benthic macroinvertebrate samples collected at this site in both May and August 2008
showed depressed populations according to the Index of Biological Integrity . Even though the
IBI scores (May—28.2, August—40.0.) were not high enough to meet the standards for a warm
water fishery, several common benthic macroinvertebrate species were found, the most abundant being Chironomidae midges and Hydropsychidae caddisflies (Figure 5, Addendum 1).

Hogback Run
None of the water quality constituents collected in either May or August 2008 exceeded
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Department of Environmental Protection Chapter 93 water-quality criteria with the exception of
sulfates in the August sample (Table 4, Fig 7). Sulfate concentrations as well as conductivity
have increased since 1984; however, alkalinity and pH have also increased (Table 4).
Table 4: Historic and present water quality data for Hogback Run
pH (Standard Units)
Conductivity (uS)
Alkalinity (mg/L)
Acidity (mg/L)
Total Iron (mg/L)
Total Manganese (mg/L)
Total Aluminum (mg/L)
Sulfate (mg/L)

May-84
7.9
520
86
0.68
0.06
0.3
190

Jul-84
6.6
602
130
5
0.41
0.05

May-08
8.7
692
130
-106
0.14
0.02

Aug-08
8.3
852
158
-139
0.13
0.00

0.3
0.10
0.10
240
222
278
Does not meet PA DEP Chapter 93
Water Quality Criteria

West Branch River below Hogback Run
Benthic macroinvertebrate samples collected at this site in both May and August 2008
showed depressed populations (May, 33.2; August 47.3). However, populations here were
more robust than populations collected above the influence of Hogback Run (Figure 5) indicating the positive influence this alkaline water has on the main stem of the West Branch Susquehanna River.
Even though the Index of Biological Integrity values were not high enough to meet the
standards for a warm water fishery, several common species were found with Hydropsychidae
caddisflies, Heptegeniidae mayflies, and Caenidae mayflies being most abundant (Addendum
1).

Hartshorn Run
Of the water quality constituents collected as part of this study, only pH did not meet the
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Department of Environmental Protection Chapter 93 water-quality criteria (Fig 5, Table 5).
Comparison of results from the 2008 collections to those made in 1984 by the USGS show that
conductivity, alkalinity, acidity, and sulfates all show an increasing trend. However, total metal
concentrations all decreased (Table 5).
Table 5: Historic and present water quality data for Hartshorn Run
pH (Standard Units)
Conductivity (uS)
Alkalinity (mg/L)
Acidity (mg/L)
Total Iron (mg/L)
Total Manganese (mg/L)
Total Aluminum (mg/L)
Sulfate (mg/L)

May-84
5.4
126
2
5
0.41
0.41
0.5
39

Jul-84
May-08
Aug-08
6.1
5.2
5.7
140
139
310
3
6
7
5
12
10
0.22
0.11
0.10
0.75
0.19
0.21
0.3
0.29
0.13
56
40
115
Does not meet PA DEP Chapter 93
Water Quality Criteria

West Branch River below Hartshorn Run
Benthic macroinvertebrate samples collected at this site in both May and August 2008
showed depressed populations (May, 41.7; August 43.7). However, populations here in May
were more robust than populations collected between the alkaline-water addition from Hogback
Run and the acidic-water addition from Hartshorn Run. August collections indicated the reverse trend with a more robust population above Hartshorn Run (Figure 5). This change in
population may be due to the increased conductivity and sulfate load from Hartshorn Run in
August. The most abundant benthic macroinvertebrates at this site were Hydropsychidae caddisflies and Baetidae mayflies (Addendum 1).

Montgomery Run
Of the water quality constituents collected as part of this 2008 study, pH, manganese
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levels in both May and August, and sulfates in August were found to be beyond the Department
of Environmental Protection Chapter 93 water-quality criteria (Table 6, Figures 9 & 7). Manganese concentrations for this stream are much higher in 2008 than concentrations were in
1984. However, total iron and total aluminum concentrations have decreased.
Although they have improved since 1984, total aluminum concentrations are still quite
elevated (Table 6). The concentration of aluminum paired with this stream’s low pH suggest
that aquatic life would be limited or completely absent (Figure 9).

Table 6: Historic and present water quality data for Montgomery Run
pH (Standard Units)
Conductivity (uS)
Alkalinity (mg/L)
Acidity (mg/L)
Total Iron (mg/L)
Total Manganese (mg/L)
Total Aluminum (mg/L)
Sulfate (mg/L)

May-84
4.5
330
0
20
3.5
0.41
2.2
130

Jul-84
May-08
Aug-08
4.1
4.8
4.6
595
335
618
0
5
5
45
19
23
10
0.25
0.07
2.21
4.60
0.75
5.1
0.73
1.18
410
142
274
Does not meet PA DEP Chapter 93
Water Quality Criteria

West Branch River at Hyde Bridge
Benthic macroinvertebrate samples collected at this site in both May and August 2008
showed depressed populations (May, 27.5; August 43.0). Populations at this location were less
robust than populations collected below Hartshorn Run (Figure 5). This may be due to the influence of Montgomery Run with its elevated aluminum and low pH. Hydropsychidae caddisflies
and Baetidae mayflies were the most abundant benthic macroinvertebrates found at this site
(Addendum 1).
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West Branch River at Lower Witmer Park
Benthic macroinvertebrate samples collected at this site in both May and August 2008
showed depressed populations (May, 23.6; August 29.0). As was seen in previous sites, benthic
populations varied substantially between August and May and populations at this location were
less robust than populations collected upstream (Figure 5). Caenidae mayflies and chironomidae midges were the most abundant benthic macroinvertebrates at this site (Addendum 1).

West Branch River below Raftman’s Dam
Benthic macroinvertebrate samples collected at this site in both May and August 2008
showed depressed populations (May, 35.6; August 52.2); however, the August IBI score was
the highest found throughout the entire study. Contrary to the previous two sites, benthic populations increased in both May and August compared to up-stream populations (Figure 5). Hydropshycidae caddisflies and Baetidae mayflies were the most abundant benthic macroinvertebrates at this site (Addendum 1).

Moose Creek
Of the water quality constituents collected as part of this study in 2008, the pH in May
and manganese levels in both May and August did not meet the Department of Environmental
Protection Chapter 93 water-quality criteria (Table 7, Figures 6 & 10). Total iron and total aluminum concentrations showed a decrease since collections made in 1984; however, conductivity at this site increased and aluminum levels are still quite elevated (Table 7, Figure 9).
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Table 7: Historic and present water quality data for Moose Creek
pH (Standard Units)
Conductivity (uS)
Alkalinity (mg/L)
Acidity (mg/L)
Total Iron (mg/L)
Total Manganese (mg/L)
Total Aluminum (mg/L)
Sulfate (mg/L)

May-84

Jul-84

May-08

Aug-08

4.8
245
1
9.9
0.61
2.3
1.2
79

4.2
5.9
6.8
440
305
524
0
7
16
20
11
1
0.69
0.17
0.00
5.5
1.39
1.62
2.6
0.73
0.08
170
82
149
Does not meet PA DEP Chapter 93
Water Quality Criteria

West Branch River at Elliot’s Park
Benthic macroinvertebrate samples collected at this site in both May and August 2008
showed depressed populations (May, 29.0; August 44.9). Again, a population increase was
seen in the August sample and a slight decrease in population robustness was seen in comparison to the population sampled at the West Branch below Raftman’s Dam (Figure 5). Hydropsychidae caddisflies and Isonychiidae mayflies were the most abundant benthic macroinvertebrates found at this site (Addendum 1).

West Branch River above Route 879 Bridge
This site was not sampled as part of the 1984 study by the USGS so comparisons cannot
be made between historic and present data; however, since this is the lower end of the study
area, it is useful to compare the water quality here to that at the uppermost point in the sampling
reach. By comparing, these data to those at the West Branch River above Anderson site, one
can see that pH remains fairly constant despite influxes of acidic water from several tributaries;
however, alkalinity is affected and shows a slight decrease, thus decreasing the buffering capac33

ity of the river at this point. Most other parameters remain fairly constant or show slight decreases (Table 8).
Table 8: Water quality comparison above (West Branch River above Anderson) and below (West Branch River above Route 879 Bridge) the study area
WB above Anderson
pH (Standard Units)
Conductivity (uS)
Alkalinity (mg/L)
Acidity (mg/L)
Total Iron (mg/L)
Total Manganese (mg/L)
Total Aluminum (mg/L)
Sulfate (mg/L)

WB at Route 879 Bridge

May-08
7.3
380
46

Aug-08
7.7
503
64

May-08
7.2
364
38

Aug-08
7.4
489
55

-28
0.38
0.21
0.24
122

-49
0.20
0.09
0.13
148

-19
0.15
0.30
0.16
116

-36
0.13
0.10
0.07
150

Does not meet PA DEP Chapter 93
Water Quality Criteria

IBI scores at this sampling location (May 37.1; August 33.5) indicate a depressed benthic macroinvertebrate population (Figure 5). Contrary to all the other sampling locations, a
population decrease was seen in August as compared to May at this site. The population robustness was also decreased compared to the two most immediate upstream sampling sites (Figure
5). Heptigeniidae mayflies and Chironomidae midges where the most abundant benthic macroinvertebrates present at this site (Addendum 1).

General
Although iron concentrations were not discussed in depth in the above results, it should
be noted that iron levels at all sample sites have decreased since the 1984 USGS study and all
sites sampled in May and August 2008 were found to meet Chapter 93 water quality criteria for
iron (Figure 8).
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Figure 5: IBI Scores for May and August 2008 Samples and Threshold Levels for Chapter 93 Designations
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Figure 6: pH Values of May and August 2008 Samples relative to Chapter 93 Criteria
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Figure 7: Sulfate Concentrations for May and August 2008 Samples Relative to Chapter 93 Criteria
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Figure 8: Iron Concentrations of May and August 2008 Samples relative to Chapter 93 Criteria
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Figure 9: Aluminum Concentrations of May and August 2008 Samples relative to Toxicity Rule of Thumb
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Figure 10: Manganese Concentrations of May and August 2008 Samples relative to Chapter 93 Criteria
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Appendix 1
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Mount JoyI -

80

West Branch at Elliot’s Park
Most Abundant Aquatic Insects:
1.) Hydropsychidae (mayfly)
2.) Isonychiidae (mayfly)

West Branch near CVS
Most Abundant Aquatic Insects:
1.) Hydropsychidae (caddisfly)
2.) Baetidae (mayfly)
R

Clearfield
West Branch at Whitmer Park

te
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9
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Most Abundant Aquatic Insects:
1.) Caenidae (mayfly)
2.) Chironomidae (midge)

Upstream of Route 879 Bridge
Most Abundant Aquatic Insects:
1.) Heptageniidae (mayfly)
2.) Chironomidae (midge)

Downstream of Hartshorne Run
Most Abundant Aquatic Insects:
1,) Hydropsychidae (caddisfly)
2.) Baetidae (mayfly)
879
ute
Ro

Downstream of Anderson Creek
Most Abundant Aquatic Insects:
1.) Chironomidae (midge)
2.) Hydropsychidae (caddisfly)

Bridgeport

An
de
r
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n

C.

West Branch at Hyde Bridge
Most Abundant Aquatic Insects:
1.) Hydropsychidae (caddisfly)
2.) Baetidae (mayfly)

Curwensville
Downstream of Hogback Run

m
Da
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sv
en
rw
Cu

kR
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g
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.

Most Abundant Aquatic Insects:
1.) Hydropsychidae (caddisfly)
2.) Heptageniidae (mayfly)
3.) Caenidae (mayfly)

Upstream of Anderson Creek
Most Abundant Aquatic Insects:
1.) Hydropsychidae (caddisfly)
2.) Caenidae (mayfly)

Glen Richey

Insect Guide for West Branch from
Curwensville to Clearfield
Name

Nymph

Adult

Corresponding Fly

Hydropsychidae

Hook Size
6-16

Czech Nymph
Elk Hair Caddis

Caenidae
White Dun

16-18

Chironomidae
Beadheaded
Chironomid Larva

8-14
Adult Black Pennell

Heptageniidae
10-14
March Brown Nymph

Baetidae

March Brown

14-18

Isonychiidae

Blue Winged Olive Nymph

Blue Winged Olive

8-12
Beadheaded Isonychia

Slate Drake

