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Abstract 
 The Buffalo Creek Watershed in north central Pennsylvania, which has increasingly 
suffered from the detriments of high phosphorus levels mostly from manure runoff, is in vital 
need of remediation.  Unfortunately, many of the local farmers in the watershed, a large portion 
of whom are of the conservative Mennonite tradition, possess a nostalgic mentality which prides 
itself on the freedom of private land ownership.  As such, proposed change in agricultural 
practice is typically not well embraced.  Recently, however, funding has been provided by the 
PA Department of Environmental Protection through Section 319 of the Federal Clean Water 
Act administered by the United States Environmental Protection Agency to propose a voluntary 
cost-share program in which farmers residing on the most agriculturally degraded tributaries of 
Buffalo Creek, namely Coal Run, North Branch Buffalo Creek, Buffalo Tributaries, Buffalo 
Main, Rapid Run, Beaver Run, and Muddy Run only have to pay 25% of the costs to implement 
specific agricultural Best Management Practices.  The Chesapeake Bay and DEP Stream Bank 
Fencing Program could also function as a vital and enticing means to achieve the remediation 
efforts that are sought.  This synthesis, based upon the results of previous studies, suggests that 
the funding would be best utilized by primarily creating wetlands at strategic locations, installing 
riparian vegetative buffer strips especially along the most agriculturally degraded areas of the 
Buffalo Creek Watershed, installing streambank fencing and stabilized crossings, monitoring 
phosphorus in cattle feeds, applying specific manure management and application techniques, 
and adopting a specific conservation tillage technique known as the no-tillage system which is 
utilized superbly at the Cedar Meadow Farm in Lancaster, Pennsylvania.  Convincing farmers 
that remediation is in the long term best interest of not only water dwelling species and livestock, 
but agricultural production in general, is paramount to the goals of this study.       
 
Introduction    
 The Buffalo Creek Watershed originates in forested areas within Union County and 
Centre County, Pennsylvania, with the majority of the watershed located within Union County.  
The watershed in total has an area of approximately 134 square miles with the Buffalo Creek 
main stem having a length slightly less than 30 miles and ultimately emptying into the West 
Branch of the Susquehanna River around Lewisburg in north central Pennsylvania.  Historically, 
the watershed has served as a source of drinking water, and fishing, hunting, camping, canoeing, 
and swimming are all popular activities and pastimes in the area.  The Buffalo Creek Watershed 
is home to many fish species including members of the Salmonidae family, brook trout 
(Salvelinus fontinalis), brown trout (Salmo trutta), suckers, and smallmouth bass (Micropterus 
dolomieui).  Common land species include the whitetail deer (Odocoileus virginianus), black 
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bear (Ursus americanus), wild turkey (Meleagris gallopavo), songbirds, raptors, waterfowl, 
mice, eastern gray squirrel (Sciurus carolinensis), muskrat (Ondatra zibethica), eastern 
chipmunk (Tamias striatus), and striped skunk (Mephitis mephitis), among many other species 
too numerous to list.  Unfortunately, as time has progressed agricultural development in the 
watershed has led to habitat fragmentation and isolation which has most likely resulted in a 
decline in the population numbers and the creation of more metapopulations among many of the 
land animals.  Further, extensive agricultural runoff associated with these agricultural practices 
ends up in Buffalo Creek and its tributaries and acts as a detriment to the water quality.  Below 
Figure 1 illustrates the extensive agricultural use throughout the watershed.  In these agricultural 
regions, streambank erosion, manure runoff, and extensive pesticide and fertilizer applications 
have all helped facilitate degradation in the water quality.  Manure runoff, however, is 
considered the single largest threat to the water quality in the Buffalo Creek Watershed and is the 
most important issue that needs to be addressed.  Interestingly, there is still a significant forest 
area predominantly in the northwest area of the watershed occupying about 60 percent of the 
total watershed area.  Agricultural land, in turn, encompasses around 34 percent of the area and 
is concentrated mostly in the southern and eastern portions of the watershed.  The southern and 
eastern portions of the watershed consequently are the areas where the remediation strategies 
will primarily be focused (Buffalo Creek Watershed Alliance, 2007).                   

 
       Figure 1 Existing Land Use in the Buffalo Creek Watershed 

(Used with permission from the Buffalo Creek Watershed Alliance) 
  
 High levels of nitrogen and phosphorus in the water have led to eutrophication at various 
locations on the sides of Buffalo Creek and its agriculturally degraded tributaries.  It has been 
noted that phosphorus is often the limiting nutrient for algae production (Daniels and Gilliam, 
1996), and in the Buffalo Creek Watershed phosphorus is suspected to be the major problem 
nutrient leading to eutrophication and consequent depletion of the water quality, as very small 
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concentrations of phosphorus can have enormous impacts (McTammany, 2008).  Explosive 
growths of algae are often associated with eutrophication events and have been considered 
extremely harmful to water quality in other studies (Anderson and Garrison, 1997).  In Buffalo 
Creek and its tributaries, eutrophication is also more common in the slower moving areas than 
the faster moving areas of the watershed.  Eutrophication has traditionally been considered to be 
associated with both a high biomass and a high level of photosynthesis, and is most pronounced 
during low flow periods when the water becomes heated (McTammany, 2008).  As such, 
eutrophication is much more common in the summer than the winter months.  Other studies have 
shown that the decomposition of biomass can result in water oxygen depletion and consequently 
cause fish kills (Carpenter et al., 1998).  The fish kills are due to the fact that fungi and bacteria 
decompose algae and consume large quantities of oxygen in the water (Primack, 2006).  While 
there may not be extensive data monitoring the Salmonidae family, brook and brown trout, 
suckers, and smallmouth bass in the Buffalo Creek Watershed, if the same trends observed in 
other bodies of water are also occurring in this watershed, eutrophication could be causing a 
decline in all of these species.  Further, the algae which result in the water are also harmful to the 
livestock that drink from the streams (Carpenter et al., 1998).  In some instances water 
containing algae blooms have been reported to cause illness if cattle consume the algae while 
drinking the contaminated water (Water for Dairy Cattle, 2002).   Some of the conditions 
associated with extensive algae consumption are a lack of coordination, stool containing blood, 
and on rare occasions, death (Water for Dairy Cattle, 2002).  Although such problems are usually 
associated with stagnant bodies of water (Water for Dairy Cattle, 2002), if the water in a stream 
slows down to an almost stagnant level these problems could emerge in streams as well.  
Decreasing the levels of agricultural runoff, and especially phosphorus, in Buffalo Creek and its 
tributaries are thus crucially important to the long term health of species in the water as well as 
livestock and other animals on land.  Before discussing the techniques that should be utilized it is 
paramount to understand where most of the phosphorus is coming from. 
 
Sources of Phosphorus, Trouble Areas, and Trouble Periods 
 Phosphorus concentrations are the most pronounced in the agriculturally damaged areas 
of the watershed mentioned above.  Specifically, Coal Run, North Branch Buffalo Creek, 
Buffalo Tributaries, Buffalo Main, Rapid Run, Beaver Run, and Muddy Run encompass the 
areas with the highest phosphorus concentrations and thus are the primary regions that need to be 
targeted for remediation.  However, understanding the time periods when problems are most 
likely to arise in conjunction with the specific areas of the agriculturally cultivated fields which 
are the most likely to significantly influence the stream in a detrimental way, would be very 
beneficial to this study.  Interestingly, it has been noted that significant amounts of agricultural 
runoff is generated during a few large storm events (Sharpley et al., 1999).  For instance, in two 
separate studies over 75% of the annual agricultural runoff from a watershed in Oklahoma 
(Smith et al., 1991) and another watershed in Ohio (Edwards and Owens, 1991) could be traced 
to just two or less very intense storm events associated with heavy rain and hence, enormous 
runoff levels (Sharpley et al., 1999).  Further, these few strong storms were responsible for over 
90% of phosphorus exported for the whole year in the respective streams (Sharpley et al., 1999).  
Another study involving the Mahantango Creek, which, like Buffalo Creek, is located in central 
Pennsylvania and ultimately empties into the Susquehanna River, provided insightful 
information on how periods of rainfall affect agricultural runoff on a more local scene (Sharpley 
et al., 1999).  In this study, in order to measure differences in phosphorus concentrations due to 
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storm events, different stream flow volumes first needed to be categorized.  Specifically, 
baseflow volume was described as the volume of water during normal conditions where there 
was not a long storm event.  During storms, a total streamflow volume was measured.  Since the 
baseflow was considered to remain constant it could be subtracted from the total streamflow to 
approximate stormflow volume.  These researchers then distinguished between the phosphorus 
levels in the normal baseflow and the phosphorus concentrations in the total streamflow.  The 
researchers made it perfectly clear that their analysis assumed that all the stormflow was due to 
surface runoff (Sharpley et al., 1999).  The researchers also measured the soil phosphorus 
concentrations at various locations finding that the locations in the watershed that received 
manure applications had an extremely high concentration, usually above 200 mg/kg.  The soil 
phosphorus concentration measurements revealed that large portions of the farmland had 
phosphorus levels that were much higher than what was needed for optimal growth, which was 
defined as approximately 100 mg/kg (Sharpley et al., 1999).  In fact, much less manure 
application could have occurred with the same crop output.  As such, the excessive manure 
application resulted in soils with far higher phosphorus concentrations than would have been 
necessary for optimal crop production.  The results of the study also revealed the importance of 
large storm events to the contribution of dissolved phosphorus concentrations in Mahantango 
Creek.  More specifically, the researchers found that stormflow phosphorus concentrations were 
5 fold greater than the total streamflow phosphorus concentrations due to the high phosphorus 
levels in the agricultural runoff (Sharpley et al., 1999).  Further, one very large storm event that 
lasted for 24.1 hours and had a total rainfall of 100 millimeters resulted in an extraordinarily 
large streamflow volume of 10,978 meters cubed and had a stormflow dissolved phosphorus 
concentration more than twice as high as any other storm event.  The researchers also provided 
valuable information with regard to which soil areas had the largest impact on the dissolved 
phosphorus levels in the water.  By measuring the percent of soils that had soil phosphorus 
concentrations greater than 200 mg/kg and comparing this to the stormflow dissolved 
phosphorus concentrations, there was on obvious direct correlation between the phosphorus 
concentrations in the soils located within 60 meters of the stream and the dissolved phosphorus 
in the water.  However, there was virtually no correlation between the whole watershed soil 
phosphorus concentration and the dissolved phosphorus concentration in the water (Sharpley et 
al., 1999).  The researchers thus concluded that the soil phosphorus concentrations within 60 
meters of the stream had a much greater influence on the dissolved phosphorus concentrations in 
the water than the soil phosphorus concentrations all through the watershed (Sharpley et al., 
1999).  Of almost equal importance in the study was the result that greater than 96% of the 
phosphorus in Mahantango Creek was due to stormflow (Sharpley et al., 1999).  Further, most of 
the phosphorus that was exported could be taken up by algae forming algae blooms (Sharpley et 
al., 1999).  This study is an important resource for remediation in the Buffalo Creek watershed 
since the Mahantango Creek Watershed is also located in central Pennsylvania and is largely 
impacted from manure runoff like the Buffalo Creek Watershed.  The study indicates that 
phosphorus management strategies may be best suited for areas within 60 meters of the stream, 
and that large storm events need to be a primary concern in the remediation strategies in the 
Buffalo Creek Watershed.  In this way, by focusing more specifically on the region within 60 
meters of the stream for remediation strategies, funds can be better allocated to achieve the 
desired results of lowering the water phosphorus levels in the Buffalo Creek Watershed.          
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Effective Remediation Strategies 
 While there are many possible remediation strategies in the scientific literature to reduce 
phosphorus concentrations in streams, certain types of remediation may be better suited for the 
Buffalo Creek Watershed.  Some of the more common remediation strategies include moving the 
edge of an agricultural region further from the stream, altering tillage techniques, installing 
fencing so that livestock cannot move in and out of the creek, establishing wetlands at critical 
locations in the watershed, and perhaps most importantly, establishing riparian vegetative buffer 
strips along the banks of the stream.  Since funding is always limited however, it is paramount 
that remediation techniques be chosen that will be most beneficial to those living in the 
watershed so as to not waste money on less effective techniques.  Also, certain sites may need a 
specific remediation technique more than another as specific places in the watershed may be 
better suited for a certain technique.  Also, implementation of remediation measures over large 
tracts within other watersheds has not necessarily led to reductions in exported phosphorus 
(Meals, 1993).  Thus, remediation strategies need to be targeted at very specific areas to reduce 
phosphorus most effectively without wasting money needlessly in the process.  Critical 
placement of wetlands may be the first remediation strategy that should be considered for the 
Buffalo Creek Watershed. 
 
Strategic Placement of Wetlands in the Watershed to Reduce Phosphorus Levels    
 Since, as the Mahantango Creek Watershed example illustrated, enormous quantities of 
phosphorus can be present in the stormflow during large storm events, it is paramount that a 
system be created that dually functions to slow down the massive volume of water during these 
events and filters the phosphorus and nitrogen present in the water.  The strategic placement of 
wetlands could accomplish both of these tasks simultaneously.  Specifically, wetlands have been 
recognized in improving water quality, lessening the impacts of flood events, and supporting 
increased biodiversity (Zedler, 2003), all of which would be beneficial in the Buffalo Creek 
Watershed.  Further, artificially created wetlands also have considerable capacities to absorb 
nutrients in the water (Chambers et al., 1993), with larger wetlands typically improving water 
quality to a greater extent (Woltemade, 2000).  Also, it has been noted that wetlands that are 
located upstream filter fewer nutrients, while downstream wetlands typically trap more nutrients 
(Crumpton and Baker, 1993).  As such, constructing downstream wetlands in the most 
agriculturally degraded areas of the Buffalo Creek Watershed would serve to filter the maximum 
nutrients with a minimum cost.  Wetlands are generally considered to be effective at absorbing 
nutrients when between the widths of 10 and 50 meters, and thus 10 meters should be the 
minimum width that restoration efforts strive to meet (Mayer et al., 2005).  However, since these 
wetlands are being restored downstream and need to filter large levels of nutrients, wetlands 
greater than 10 meters would be preferred. Obviously, given more money, wetlands could be 
created at other locations in the watershed as well, but since funding is always limited the areas 
downstream of the agriculturally degraded segments should be targeted first.  Further, Zedler 
notes that the most efficient way to improve the quality of water is to restore wetlands in the 
areas downstream of the high nitrogen and phosphorus tributaries (Zedler, 2003).  Applying 
these ideas to the Buffalo Creek Watershed means restoring wetlands in the areas downstream of 
Coal Run, the North Branch of Buffalo Creek, Buffalo Tributaries, Rapid Run, Beaver Run, and 
Muddy Run, as well as at the very base where Buffalo Creek joins the Susquehanna River.  The 
potential wetland areas are illustrated in red in Figure 2 below.  In order to reduce flooding 
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levels, establishing wetlands at other locations in the watershed should also be considered.  
However, such consideration should only occur after attempts are made to create the wetland 
areas that are proposed in red below which would be the most desired to reduce nitrogen and 
phosphorus levels in the water.    
            

 
Figure 2 Proposed Wetland Areas for the Buffalo Creek Watershed  

(Used with permission from the Buffalo Creek Watershed Alliance) 
 
 The wetland areas themselves should be composed predominantly of native grasses and 
ferns as a means to target phosphorus uptake (Osborne and Kovacic, 1993).  Some possible 
species are the Marsh fern (Thelypteris palustris var. pubescens), Cinnamon fern (Osmunda 
cinnamomea), Sensitive fern (Onoclea sensibilis), Switchgrass (Panicum virgatum), or Soft rush 
(Juncus effusus) which are native to Union County (The Pennsylvania Flora Project, 2008).  The 
Pennsylvania Flora Project provides a comprehensive list of all the native plants to Union 
County which could be viable options to plant in the wetland areas.  Further, maintenance is 
critically important as much care must be taken to not disturb the wetlands that are created.  For 
instance, it has been noted that the intrusion on wetlands may cause the wetland area to be both 
less capable of absorbing nutrients and actually could facilitate release of phosphorus already 
stored in the vegetation and soil (Chambers et al., 1993).  For these reasons, much care must be 
taken to avoid disturbance to the wetland areas.  Fencing set up around the wetland areas to 
inhibit cattle moving into the proposed areas would be very helpful in the maintenance of the 
wetlands. 
 
Riparian Vegetative Buffer Strips  
 While the plans discussed above for wetland implementation may be an excellent way to 
strategically remove phosphorus from the water, significantly reducing the amount of 
phosphorus that initially enters into the water would be extremely beneficial to the remediation 
efforts in the Buffalo Creek Watershed.  Riparian vegetative buffer strips serve as an ideal 
mechanism to lower the amount of phosphorus in the water while simultaneously stabilizing the 
stream banks, serving as nutrient sinks, reducing erosion, reducing flooding, moderating 
temperatures, and providing vital habitat for many species.  Unfortunately, riparian vegetative 
buffer strips are largely under-utilized in the Buffalo Creek Watershed.  Specifically, Figure 3 
illustrates the lack of riparian vegetative buffer strips and how agricultural practices often extend 
right up to, and in some cases, even into the waterway.  Riparian vegetative buffer strips thus 
need to be investigated in the Buffalo Creek remediation efforts.     
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Figure 3 Lack of Riparian Vegetative Buffer Strips in the Buffalo Creek Watershed  
(Pictures courtesy of Dan Wagner of the Union County Conservation District and the Buffalo 
Creek Watershed Alliance) 
 
 A previous study conducted in 1993 by Lewis L. Osborne and David A. Kovacic in the 
agricultural Embarras River watershed in Illinois suggested that forested and grass vegetative 
buffer strips are each more efficient at reducing particular nutrients (Osborne and Kovacic, 
1993).  Specifically, the study indicated that the forested vegetative buffer strips were more 
efficient at lowering nitrogen concentrations, while the grass vegetative buffer strips were more 
effective at absorbing phosphorus in the runoff (Osborne and Kovacic, 1993).  The researchers 
further indicated that forested vegetative buffer strips provide shade and minimize the 
fluctuations in temperature in the water (Osborne and Kovacic, 1993).  The results of this 
experiment provide interesting insights regarding the usage of riparian vegetative buffer strips in 
the Buffalo Creek Watershed.  Since the major problem nutrient in the Buffalo Creek Watershed 
has been identified as phosphorus, the study conducted on the Embarras River Watershed in 
Illinois indicates that grass vegetative buffer strips would be most appropriate in the Buffalo 
Creek Watershed to reduce phosphorus inputs into the waterways.  Yet, perhaps the best 
approach would be a system in which both grass and forested vegetative buffer strips were 
utilized.  Implementing a system in which forested vegetative buffer strips were placed closest to 
the stream, and grass vegetative buffer strips were placed further from the stream, would 
function to absorb both nitrogen and phosphorus, stabilize the stream banks, reduce erosion, 
moderate temperatures in the stream, and provide shade for the stream.  A depiction of such a 
design is provided in Figure 4.  The brown area represents the forested vegetative buffer strips, 
the green area represents the grass vegetative buffer strips, and the yellow area represents the 
edge of the agricultural field.  Note that in the region between the grass and forested vegetative 
buffer strips there can be a gradual transition between zones rather than a strict segregated line.   
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Figure 4 Ideal utilization of both grass and forested vegetative buffer strips along the 
agriculturally impaired regions of the Buffalo Creek Watershed  
  
 Unfortunately, it is highly likely that many farmers may be unwilling to pay for both 
grass and forested vegetative buffer strips.  Recall that the funding provided by the PA 
Department of Environmental Protection through Section 319 of the Federal Clean Water Act 
was utilized to propose a cost-share program in which the landowners only had to pay 25% of 
the costs to implement specific agricultural Best Management Practices (BMPs) (Wagner, 2008).  
Fortunately, riparian buffers are covered in this cost-share program.  However, the farmers in the 
region may be unwilling to pay the partial cost for both the grass and forested vegetative buffer 
strips which ultimately will reduce the land area for their farming practices.  If the farmer is only 
willing to pay the partial cost for one buffer strip, the results of the Embarras River Watershed 
study in Illinois indicate that he or she should be highly encouraged to plant a grass vegetative 
buffer strip to reduce phosphorus levels in the agriculturally degraded waterways of the Buffalo 
Creek Watershed.     
 The types of vegetation the farmer chooses to plant in the vegetative buffer strips is also 
crucially important as to not introduce invasive species into the region.  If the farmer chooses to 
create a forested vegetative buffer strip along the streamside he should be highly encouraged to 
plant native, non-invasive trees such as the River birch (Betula nigra), Black willow (Salix 
nigra), Red maple (Acer rubrum), Pin Oak (Quercus palustris), Box elder (Acer negundo), 
Sourgum (Nyssa sylvatica), and Hackberry (Celtis occidentalis) which are all native to Union 
County.  For the grass vegetative buffer strips, the farmer could simply move back the edge of 
his agricultural field and let the grass grow naturally in the region.  Alternatively, the farmer 
could plant ground cover such as the Marsh fern (Thelypteris palustris var. pubescens), 
Cinnamon fern (Osmunda cinnamomea), Sensitive fern (Onoclea sensibilis), Switchgrass 
(Panicum virgatum), or Soft rush (Juncus effusus) which are also native to Union County (The 
Pennsylvania Flora Project, 2008).  These are just a few of the plants that could be used.  The 
Pennsylvania Flora Project provides a comprehensive list of all the native plants to Union 
County which could be viable options to plant in the buffer region.    
 With the type of buffer to utilize, and the specific plants defined, the dimensions of the 
buffer strips must now be considered.  Numerous studies have been undertaken regarding what 
the ideal riparian vegetative buffer strip width should be, but the results have been largely 
inconclusive for a few reasons (McTammany, 2008).  However, a document released by the 
United States Environmental Protection Agency suggests that riparian vegetative buffer strips 
between 10 and 50 meters in width are fairly efficient filters of both nitrogen and phosphorus 
(Mayer et al., 2005).  One of the main reasons it is so difficult to determine a definitive best 
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buffer width is due to the inherent variation in slopes around the buffer areas.  For instance, if 
there is a steep slope around the buffer region, a wider buffer zone will be necessary to remove 
the same level of nitrogen and phosphorus than would be necessary for a more flat terrain, which 
would generally require a smaller buffer width (McTammany, 2008).  Also, studies are often 
hard to relate to each other since they incorporate unique vegetations and have distinct soil types 
(Mayer et al., 2005).  Further, most studies associated with buffer width are often more 
concerned with the relationship between the buffer width and the ability to absorb nitrogen than 
phosphorus (Mayer et al., 2005).  Using the EPA analysis, the buffers in Buffalo Creek should 
optimally strive to be at least 10 meters in width, although larger widths would be desired.  
Practically, many local farmers may be unwilling to loose 10 meters of agricultural area to a 
buffer region.  While 10 meters may be the desired width, any buffer less than 10 meters in width 
is more beneficial than no buffer at all.  However, since the land very close to the streambank is 
often low lying and remains wet for extended periods making planting and harvesting difficult 
(Establishing Riparian Buffers, 2001), stressing these points to the farmers in the Buffalo Creek 
Watershed may result in enhanced cooperation. 
 The establishment of wetlands at the strategic locations indicated above, and the 
incorporation of riparian vegetative buffer strips seem to be two very effective ways to reduce 
the phosphorus in the waterway.  Unfortunately, they both require the private landowner be 
willing to give up a portion of his or her land for the betterment of the waterway.  While there 
may be some farmers who are willing to make such a contribution, it seems that another manner 
of compensation may ultimately be needed to be sought.  This compensation should pay the 
farmers fairly significant sums to give up larger areas of their agricultural land for these 
purposes.  Perhaps a new manner of adequate funding would allow farmers to more widely 
accept both of these BMPs and give up larger portions of their land.   
 
Streambank Fencing and Stabilized Crossings 
             A BMP which could be very helpful and economically feasible along the most 

agriculturally degraded areas of the Buffalo Creek 
Watershed such as Coal Run, North Branch Buffalo Creek, 
Buffalo Tributaries, Buffalo Main, Rapid Run, Beaver Run, 
and Muddy Run is the implementation of streambank 
fencing and stabilized crossings to prevent livestock from 
entering the waterway.  Preventing livestock from entering 
the water is beneficial for two main reasons.  First, when 
livestock enter the waterway they can directly deposit 
manure into the water, enhancing both the nitrogen and 
phosphorus concentrations in the stream.  Second, cattle 
can tear the stream bank, making erosion during rain 
periods even more pronounced.  Both of these effects 
function to increase the levels of nitrogen and phosphorus 
in the waterway.  Figure 5 illustrates the effects on the 
streambank from cattle access.  Notice the erosion present 
on the left hand side of the streambank.  Also, on the upper 
right hand corner, the yellowish green color may indicate 
early signs of eutrophication.  These suspicions seem to be 
supported by the fact that eutrophication is most  
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pronounced in the slower moving areas and during low flow periods (McTammany, 2008).  The 
water in the image appears both stagnant and shallow indicating that the conditions for 
eutrophication are in place.  Further, a particular study conducted in the Georgia Piedmont 
illustrated why fencing is so important around the tributaries.  Specifically, the study found that 
the phosphorus concentrations in the stormflow were significantly higher in the unfenced streams 
than in the streams that had fencing (The Effects of Stream Fencing, 2003), directly illustrating 
the importance of fencing around the streambank area for phosphorus reductions in the water.  
 Unfortunately, the high cost associated with adding fences to the streamside areas has 
discouraged many farmers from implementing such a strategy (The Effects of Stream Fencing, 
2003). There are a few options for the funding of the implementation of fencing in the Buffalo 
Creek Watershed.  First, the funding that has been provided by the PA Department of 
Environmental Protection through Section 319 of the Federal Clean Water Act administered by 
the United States Environmental Protection Agency allows a cost-share program in which the 
landowners would only have to pay 25% of the costs to implement streambank fencing and 
stabilized crossings (Wagner, 2008).  However, in order to receive the funding, the landowners 
must be on one of the eligible streams mentioned above.  Another option is provided through the 
Chesapeake Bay and DEP Stream Bank Fencing Program (Chesapeake Bay, 2008).  In this 
program, 100% of the installation cost for high tensile fence and crossings are paid for by the 
DEP (Department of Environmental Protection) (Chesapeake Bay, 2008).  In return, the 
landowner must agree to provide an average 35 foot, or 10.668 meter, setback width from the 
stream (Chesapeake Bay, 2008).  Such a setback will be beneficial since it will allow native 
vegetation to flourish, establishing a natural riparian vegetative buffer strip.  Recall that the 
document released by the United States Environmental Protection Agency suggested that 
riparian vegetative buffer strips between 10 and 50 meters in width are fairly efficient filters of 
both nitrogen and phosphorus (Mayer et al., 2005).  The Chesapeake Bay and DEP Stream Bank 
Fencing Program could thus serve as a mechanism that dually not only keeps cattle out of the 
water preventing both manure deposition and streambank erosion, but also serves to establish 
natural riparian vegetative buffer strips.  The cumulative results of this program will therefore 
significantly reduce the levels of nitrogen and phosphorus in the water.  The landowner will also 
receive long term benefits under this program.  First, his of her cattle will have less exposure to 
polluted water and thus will have decreased incidence of water-borne disease (Chesapeake Bay, 
2008).  Further, since cattle will have stabilized crossings, foot problems will be less pronounced 
in the herd (Chesapeake Bay, 2008).  The quality of the water in the stream will also increase, 
meaning the cattle will drink from cleaner water (Chesapeake Bay, 2008).  Also, the fencing will 
allow the farmer to have a greater potential for rotational grazing (Chesapeake Bay, 2008).  In 
addition, this program will cover anyone with livestock along streams in the Potomac and 
Susquehanna River basins within Pennsylvania (Chesapeake Bay, 2008), hence covering anyone 
with livestock operations in the Buffalo Creek Watershed.  The Chesapeake Bay and DEP 
Stream Bank Fencing Program may function as a valuable tool to establish riparian vegetative 
buffer strips in addition to keeping cattle out of the streams.  These considerations make the 
Chesapeake Bay and DEP Stream Bank Fencing Program a program that should be actively 
endorsed in the Buffalo Creek Watershed to decrease phosphorus concentrations in the 
waterways.  
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Monitoring Phosphorus in Cattle Feeds   
 While the measures described above all represent specific approaches that can be taken in 
the Buffalo Creek Watershed to improve the quality of water, all three approaches could be 
considered major undertakings by the farmer who implements such techniques.  Further, on a 
day to day basis there are certain measures that farmers in the Buffalo Creek Watershed can take 
to mitigate the effects of manure runoff into the waterways.  Since phosphorus from manure 
runoff is the chief problem in the Buffalo Creek Watershed (McTammany, 2008), one obvious 
measure is to monitor the level of phosphorus in cattle feeds making sure that the level is not 
significantly above the level of phosphorus that the cattle need to be healthy.  It has been noted 
that if cattle are given feeds too high in phosphorus, this can lead to huge phosphorus surpluses 
in the soil (Withers and Jarvis, 1998), as the phosphorus rich manure places phosphorus directly 
into the soil.  It has been noted that up to 80% of phosphorus in feed can be excreted by livestock 
(Withers and Jarvis, 1998).  Essentially, when phosphorus rich manure is continually applied to 
the soil the levels of phosphorus in the soil continue to increase (Penn State Participates, 2003).  
In the past, dairy farmers have intentionally fed cattle with feeds very high in phosphorus 
believing that this was an effective way to improve the health of the herd (Penn State 
Participates, 2003).  Indeed, it has been shown that phosphorus is vital in processes such as 
cellular division, synthesis of proteins (Penn State Participates, 2003), milk production, and 
reproduction (Phosphorus Important, 2000), but cattle only need a certain amount of phosphorus 
to perform these functions properly.  However, in order to determine what feeds are appropriate, 
the levels of phosphorus needed by healthy cattle first needs to be determined (Penn State 
Participates, 2003).  Some more recent studies have shown that the amount of phosphorus can be 
lowered to approximately 0.35 to 0.38 percent in the total feed intake, whereas the average in the 
state of Pennsylvania is higher at approximately 0.45 percent (Penn State Participates, 2003).  
These figures suggest that farmers in the Buffalo Creek Watershed could lower the level of 
phosphorus that ultimately ends up running off into the waterways in the Buffalo Creek 
Watershed by selecting feeds from the feed industry with approximately 0.35 to 0.38 percent 
phosphorus compositions.  Since it has been noted that in cattle 69% of the total phosphorus 
excreted is through feces, with another 30% excreted in milk, and 1% in urine (Phosphorus 
Important, 2000), the majority of excess phosphorus introduced into the body through feed 
ultimately is excreted in the feces or manure.  Thus, selecting feeds with approximately 0.35 to 
0.38 percent phosphorus compositions would be especially beneficial by farmers residing on the 
most agriculturally degraded areas of the Buffalo Creek watershed such as Coal Run, North 
Branch Buffalo Creek, Buffalo Tributaries, Buffalo Main, Rapid Run, Beaver Run, and Muddy 
Run.  Further, such a change could be characterized as a "Nutrient Management Plan 
Development" and thus would be an eligible BMP under the funding provided through the PA 
Department of Environmental Protection through Section 319 of the Federal Clean Water Act 
which has been utilized for a cost-share in which the landowners only have to pay 25% of the 
costs.  This BMP seems very attractive since it does not require any manipulation to the land, but 
rather only requires that phosphorus intakes be monitored for the cattle, and appropriate feeds be 
utilized.  
 
Manure Management and Application Techniques 
 Farmers in the Buffalo Creek Watershed should not only strive to reduce the amount of 
phosphorus in the manure by attempting to lower the level of phosphorus in the feed, but also 
selectively not applying manure at certain times can benefit the nearby waterways.  For instance, 
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farmers should not apply manure when the soil is frozen, snow-covered, or saturated because the 
phosphorus will not be absorbed by the soil, but will rather rapidly runoff into the nearby water 
(Withers and Jarvis, 1998).  While this may seem to be an obvious statement, applying manure 
during these times can inadvertently occur when a farmer does not realize the soil is saturated or 
frozen.  Further, it is possible that only part of the field could be saturated or frozen and therefore 
great caution should be taken by the farmer applying the manure to investigate the soil state at 
various locations throughout the field before application occurs.  Also, if there is a forecasted 
large storm, farmers should not apply manure during these times due to the potential rapid runoff 
that could occur with high phosphorus concentrations (Withers and Jarvis, 1998).  Recall in the 
study conducted on the manure-impacted Mahantango Creek Watershed in central Pennsylvania 
that the researchers found that the stormflow phosphorus concentrations were 5 fold greater than 
the total streamflow phosphorus concentrations (Sharpley et al., 1999).  Further, selecting where 
to place certain crops on the land could also be beneficial for phosphorus mitigation purposes.  
For example, if a farmer typically utilizes more manure for a certain type of crop, this crop 
would be best placed at areas further away from the waterway.  In addition, if the farmer uses 
less manure for another type of crop, this crop would best be placed in the regions closer to the 
waterway.  The reason for this is obvious.  By placing the crops that require less manure closer to 
the waterway, the critical areas that are responsible for the majority of manure runoff will receive 
less manure application.  Consequently, less manure ultimately will runoff into the water and 
thus the water phosphorus concentration will decrease.  Again, recall the study conducted on the 
Mahantango Creek Watershed which was mentioned earlier.  The researchers had concluded that 
the soil phosphorus concentrations within 60 meters of the stream had a much greater influence 
on the dissolved phosphorus concentrations in the water than the soil phosphorus concentrations 
all through the watershed (Sharpley et al., 1999).  These findings had suggested that phosphorus 
management strategies may be best suited for areas within 60 meters of the stream (Sharpley et 
al., 1999).  As such, growing crops that require less manure in this 60 meter zone would be a 
very effective remediation strategy.  These ideas would be most efficient if applied to the most 
agriculturally degraded areas of the Buffalo Creek Watershed.  Specifically, planting crops that 
require less manure in this 60 meter zone would be most beneficial if applied to the most 
agriculturally degraded tributaries of Buffalo Creek, namely, Coal Run, North Branch Buffalo 
Creek, Buffalo Tributaries, Buffalo Main, Rapid Run, Beaver Run, and Muddy Run.  The 
funding provided by the PA Department of Environmental Protection through Section 319 of the 
Federal Clean Water Act for the cost-share program where landowners only have to pay 25% of 
the costs would apply to these areas.  These measures could be characterized as a "Conservation 
Plan Development" or "Manure Management Systems" and therefore the farmers implementing 
these techniques could receive funding.   

Conservation Tillage and the Cedar Meadow Farm Model 
 Although many farmers in the Buffalo Creek Watershed have nostalgic mentalities and 
pride themselves on the prerogatives of private land ownership, the best farm remediation 
strategy for the long term may encompass a change in actual cultivation practices.  Specifically, 
conservation tillage is a technique that is largely endorsed for erosion control in America and 
could reduce phosphorus concentrations in the water (Withers and Jarvis, 1998).  For instance, a 
study conducted in 1994 showed that phosphorus concentrations were reduced from 3.1 mg/l to 
0.4 mg/l due to the implementation of conservation tillage (Sharpley and Smith, 1994).  
Conservation tillage appears to be a technique that should be considered for use in the Buffalo 
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Creek Watershed.  Due to some misunderstandings about the actual meaning of conservation 
tillage, a definition will be provided.  The definition of conservation tillage, according to Jerry V. 
Mannering and Charles R. Fenster is the following: "any tillage system that reduces loss of soil 
or water relative to conventional tillage; often a form of noninversion tillage that retains 
protective amounts of residue mulch on the surface" (Mannering and Fenster, 1983).  While the 
definition of conservation tillage is somewhat widespread, all forms of conservation tillage 
reduce soil and/or water losses either through leaving crop residues on the ground, or allowing 
the surface to become rough and ridged (Mannering and Fenster, 1983).  The crop residue 
functions to protect the soil from erosion and absorbs excess water, slowing down and reducing 
agricultural runoff (Mannering and Fenster, 1983).  In this way, wind and water cannot carry off 
large quantities of phosphorus in the conservation tillage system (Mannering and Fenster, 1983). 
Conservation tillage also requires less time than conventional tillage, saving valuable time and 
energy (Bultena and Holberg, 1983).  Perhaps the ideal form of conservation tillage to be utilized 
in the Buffalo Creek Watershed is the no-tillage system.  In no-tillage there is very little 
preparation for planting the seeds.  The farmer simply opens the soil to place the seed at a 
desired depth (Mannering and Fenster, 1983).  A small slit is created and the seed is then inserted 
into this slit (Mannering and Fenster, 1983).  A particular farm in Lancaster County, 
Pennsylvania, the Cedar Meadow Farm, serves as an excellent model of how a no-tillage system 
can raise profits and improve water quality simultaneously (Cedar Meadow Farm, 2008), two 
aspects that are desired by the farmers in the Buffalo Creek Watershed.  More specifically, this 
200 acre farm owned and operated by Steve Groff and his family is successful both in raising 
profits and improving water quality despite lying on fairly hilly terrain (Cedar Meadow Farm, 
2008).  Groff himself has pioneered what he calls the "Permanent Cover Cropping System" 
which utilizes no-tillage and vast cover crops to simultaneously raise his profits and improve 
water and soil quality (Cedar Meadow Farm, 2008).  Groff strongly endorses the usage of a 
permanent crop residue cover in his technique, as the permanent crop residue has all but 
eliminated soil erosion (Cedar Meadow Farm, 2008).  The residue also absorbs nitrogen and 
phosphorus.  Amazingly, Groff has managed to not touch some of his fields with any type of 
tillage equipment for over three decades counting.  The Cedar Meadow Farm is an ideal example 
of how steps to improve water quality do not necessarily need to compromise profit, but in fact, 
water quality can improve and profits increase simultaneously.  Groff has won numerous awards 
for his innovations, such as the 1998 Clean Water Farm Award for the Protection and 
Conservation of Soil and Water, the 1998 Outstanding Cooperator of the Year Award, the 
National No Till Innovator Award, and the 2001 Pennsylvania Sustainable Agriculture 
Leadership Award (Cedar Meadow Farm, 2008).  While such drastic widespread changes in the 
Buffalo Creek Watershed may seem impracticable, small changes towards Groff's "Permanent 
Cover Cropping System" by even a few farmers in the agriculturally degraded areas of the 
Buffalo Creek Watershed such as Coal Run, North Branch Buffalo Creek, Buffalo Tributaries, 
Buffalo Main, Rapid Run, Beaver Run, and Muddy Run, could have enormous effects on the 
levels of phosphorus that end up in the waterways.  Encouraging farmers to adopt the techniques 
stressed in the "Permanent Cover Cropping System", such as no-tillage and cover crops, would 
be an ideal way to help lower the phosphorus levels in the water.  Groff himself is available for 
speaking engagements and interested farmers in the Buffalo Creek Watershed could even visit 
his farm on a field day that is being planned for this summer (Cedar Meadow Farm, 2008).  
Since one of the largest hurdles to convincing the farmers to adopt new techniques seems to be 
fear that it will negatively affect their harvest, having a one on one conversation with a farmer 
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who has drastically benefited from a conservation tillage technique may be a vital step to 
galvanize action among reluctant farmers in the Buffalo Creek Watershed.   
 
Conclusion: An Integrated Approach 
 In conclusion, the remediation synthesis for the Buffalo Creek Watershed supports some 
very specific actions that could be taken with provided funds to reduce the level of phosphorus in 
the waterways.  First, creating wetlands composed of native grasses and ferns (Osborne and 
Kovacic, 1993) between the widths of 10 and 50 meters (Mayer et al., 2005) in the areas 
downstream of Coal Run, the North Branch of Buffalo Creek, Buffalo Tributaries, Rapid Run, 
Beaver Run, and Muddy Run, as well as at the very base where Buffalo Creek joins the 
Susquehanna River would serve to filter large levels of phosphorus.  Second, incorporating 
riparian vegetative buffer strips with a total width of 10 to 50 meters (Mayer et al., 2005) with a 
forested vegetative buffer zone placed closest to the stream and a grass vegetative buffer zone 
placed further from the stream would function to absorb both nitrogen and phosphorus, stabilize 
the stream banks, reduce erosion, moderate temperatures in the stream, and provide shade for the 
stream.  However, if a reluctant farmer is only willing to pay the partial cost for one buffer strip, 
he or she should be highly encouraged to plant a grass vegetative buffer strip composed of ferns 
and native grasses with an encouraged minimum width of 10 meters (Mayer et al., 2005).  While 
10 meters is the desired width, any width less than this would still be desired over having no 
buffer region.  Third, streambank fencing and stabilized crossings should be implemented with 
priority placed on the agricultural degraded tributaries Coal Run, North Branch Buffalo Creek, 
Buffalo Tributaries, Buffalo Main, Rapid Run, Beaver Run, and Muddy Run.  Funds for these 
streambank fencing programs can either be procured through the funding that has been provided 
by the PA Department of Environmental Protection through Section 319 of the Federal Clean 
Water Act, or the Chesapeake Bay and DEP Stream Bank Fencing Program.  The Chesapeake 
Bay and DEP Stream Bank Fencing Program may be more desirable for a few reasons.  The 
program covers 100% of the installation cost for high tensile fence and crossings instead of being 
a cost-share program.  The Chesapeake Bay and DEP Stream Bank Fencing Program is also a 
superb program to be promoted in the watershed since it allows multiple remediation techniques 
to be implemented simultaneously.  More specifically, the benefits of this specific program are 
multi-faceted since it serves as a mechanism that keeps cattle out of the water preventing both 
manure deposition and streambank erosion, and also provides an average 35 foot, or 10.668 
meter, setback width from the stream, allowing native vegetation to flourish establishing a 
natural riparian vegetative buffer strip of a width that is a fairly efficient filter of both nitrogen 
and phosphorus (Mayer et al., 2005).  Because the cumulative results of this program 
significantly reduce the levels of nitrogen and phosphorus in the water, the program should be 
endorsed all throughout the watershed, but especially in the agriculturally degraded areas 
mentioned throughout this text.  Fourth, farmers should monitor phosphorus levels in cattle feeds 
making sure that the level is not significantly above the level of phosphorus that the cattle need 
to be healthy since it has been noted that up to 80% of phosphorus in feed can be excreted by 
livestock (Withers and Jarvis, 1998).  Since more recent studies have shown that the amount of 
phosphorus can be lowered to approximately 0.35 to 0.38 percent in the total feed intake, and the 
average for the state of Pennsylvania is higher at approximately 0.45 percent (Penn State 
Participates, 2003), the figures suggest that farmers in the Buffalo Creek Watershed could lower 
the level of phosphorus that ultimately ends up in manure by selecting feeds from the feed 
industry with approximately 0.35 to 0.38 percent phosphorus compositions.  Fifth, proper 
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manure management and specific application techniques should be stressed especially on the 
agriculturally degraded tributaries Coal Run, North Branch Buffalo Creek, Buffalo Tributaries, 
Buffalo Main, Rapid Run, Beaver Run, and Muddy Run.  For instance, farmers should not apply 
manure when the soil is frozen, snow-covered, or saturated nor before a predicted large storm 
event.  The manure-impacted Mahantango Creek Watershed study in central Pennsylvania, 
where the researchers found that the stormflow phosphorus concentrations were 5 fold greater 
than the total streamflow phosphorus concentrations (Sharpley et al., 1999), directly illustrates 
why manure should not be applied before a predicted large storm.  Selecting where to place 
certain crops on the land could also be beneficial for phosphorus mitigation purposes if a farmer 
normally uses more manure for a certain type of crop.  For instance, the crop that requires more 
manure would best be placed at areas further away from the waterway, while crops requiring less 
manure would best be placed in the regions closer to the waterway.  In this manner, less manure 
would be applied to the areas within the 60 meter zone closest to the stream, which was shown to 
have an obvious direct correlation in phosphorus concentrations in the soil to the dissolved 
phosphorus in the water in the Mahantango Creek Watershed study (Sharpley et al., 1999).  
However, since there was virtually no correlation between the whole watershed soil phosphorus 
concentration and the dissolved phosphorus concentration in the water (Sharpley et al., 1999), 
applying more manure to the areas beyond 60 meters from the stream would not be nearly as 
detrimental to water quality.  Sixth, utilizing conservation tillage techniques and adopting 
strategies similar to the Cedar Meadow Farm Model, although representing the most radical 
remediation strategy, could, in the long run, prove to be the most efficient way to lower 
phosphorus concentrations in the water.  This remediation technique may be more radical than 
the others presented because it represents a certain paradigm shift in the method of agricultural 
production, and more broadly is a progressive approach to agriculture that may not be well 
embraced.  Farmers, especially on the agriculturally degraded tributaries of Coal Run, North 
Branch Buffalo Creek, Buffalo Tributaries, Buffalo Main, Rapid Run, Beaver Run, and Muddy 
Run, should be encouraged to shift their methods of cultivation toward conservation tillage 
techniques, particularly no-tillage coupled with the use of vast cover crops.  These methods 
would work to simultaneously raise profits and improve the water and soil quality.  Farmers who 
are reluctant to adopt these techniques for all their agricultural production could adopt it only in 
the regions within 60 meters of the stream to help reduce phosphorus inputs into the waterway.  
Traveling to the Cedar Meadow Farm in Lancaster County, Pennsylvania, and observing how 
successful Steve Groff has been utilizing these techniques could be an excellent way to help 
persuade hesitant farmers in the Buffalo Creek Watershed.   
 It is important to understand that no single approach presented above will serve as a 
universal panacea lowering the phosphorus concentrations to desired levels, but rather an 
integrated approach that encourages the adoption of as many of the remediation strategies 
presented would be most effective in the Buffalo Creek Watershed.   Fortunately, between the 
funding that has been provided by the PA Department of Environmental Protection through 
Section 319 of the Federal Clean Water Act and the Chesapeake Bay and DEP Stream Bank 
Fencing Program, many useful BMPs, many of which have been discussed above, have the 
potential to be implemented in the Buffalo Creek Watershed.  Specifically, the funding provided 
by the PA Department of Environmental Protection through Section 319 of the Federal Clean 
Water Act is extremely useful since it has been utilized to propose a cost-share program for 
farmers residing on the most agriculturally degraded tributaries of Buffalo Creek, namely, Coal 
Run, North Branch Buffalo Creek, Buffalo Tributaries, Buffalo Main, Rapid Run, Beaver Run, 
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and Muddy Run.  Further, many of the BMPs mentioned above are covered under this funding 
including wetlands, riparian buffers, streambank fencing and stabilized crossings, nutrient 
management plan development in the form of cattle feeds, and conservation plan development 
through manure management systems, no-tillage, and cover crops.  Stressing these specific 
BMPs to the farmers in the watershed would be a highly beneficial integrated way to achieve 
lowered phosphorus levels in the watershed.  The Buffalo Creek Watershed now has the funding 
necessary to make meaningful changes and to restore the quality of the water throughout the 
entire watershed.  The farmers themselves are the vital key holders with the ability to turn the 
lock facilitating vital remediation to the watershed.  If and when the farmers turn the lock 
depends in large part on their ability to dually recognize that both their agricultural production 
and the quality of water can increase simultaneously.  The ability to think in a progressive way 
and adopt these remediation strategies will ultimately benefit not only the water dwelling species 
and livestock, but also the farmers themselves in this rural central Pennsylvania watershed.         
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