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INTRODUCTION 
 

Freshwater streams are highly valued natural ecosystems that provide clean water and 
support fish and other aquatic life.  Frederick County, Maryland, has initiated a stream 
monitoring and assessment program to collect information on the health of the County’s streams.  
Findings will be used to help guide the County’s watershed management programs to better 
protect and restore local waters.  

 
The Frederick County 

Stream Survey (FCSS) is a 
program to assess the status 
of County streams in terms of 
water quality, biological 
condition, and habitat.  The 
survey employs a statistical 
design, using a random 
sampling approach to draw 
inferences about stream con-
dition in each of the County’s 
20 watersheds and in larger 
areas such as the Lower 
Monocacy watershed and the 
entire County. The FCSS was 
designed to answer key 
questions about the condition 
of Frederick County’s water-
sheds and streams and, in 
particular, the stressors 
affecting those streams. The 
site selection and stream 
sampling methods are based 
on Maryland Department of 
Natural Resources’ Maryland 
Biological Stream Survey 
(MBSS). 

 
In 2007, a Pilot Study 

was launched in the Bennett 
and Catoctin Creek water-
sheds to help develop, test, and refine the design and sampling protocols for the full FCSS 
(Versar Inc. 2009).  The first round of the FCSS began in 2008 and will continue through 2011.  
For each of the 2008-2010 sampling years, field crews contacted landowners and sampled 
50 randomly selected sites stratified across the 20 watersheds in the County. Following methods 
detailed in the design report (Perot, et al. 2008), data were collected on water quality, physical 
habitat, and biological communities at each of the stream sites.  This information was used to 

 
Figure 1. Watershed boundaries in Frederick County 
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al. 1999).  Agricultural impacts upon stream resources can include runoff of sediment, nutrients, 
and other pollutants, and increased erosion leading to habitat and water quality degradation, but 
agricultural effects may be complex, as they may include contributions of lime (which can 
neutralize harmful acid rain inputs) and nutrients (which can, in some cases, enhance stream 
productivity).   

 
Frederick County has a diverse mix of land uses.  Overall, 48% of the County is 

agriculture, 33% is forest, and 17% is urban/suburban (2% is “other”, including wetlands/water 
and barren lands). 

 
In the FCSS, land uses were characterized within the individual catchment areas 

upstream of sampled sites.  An estimated 53% of stream miles in the County had greater than 
10% urban land use in their catchments.  Additionally, 23% of stream miles had greater than 
25% urban land use.  The streams with the greatest urban land use were those located in and 
around the City of Frederick, as well as along the highly developed I-270 corridor.  These results 
indicate that a substantial proportion of Frederick County streams are vulnerable to the harmful 
consequences of urbanization described above. 

 
The extent of forested land was also charac-

terized.  For a comparison, in a study which established 
reference and degraded conditions for streamside sala-
manders (an indicator of stream conditions, Southerland 
et al. 2004), streams with greater than or equal to 75% 
forested land use in upstream catchments were con-
sidered as high-quality reference streams and streams 
with less than or equal to 10% forested land use in 
upstream catchments were considered degraded.  In 
Frederick County in 2008-2010, only 17% of stream 
miles had greater than or equal to 75% forested land use upstream, while 25% of stream miles 
had less than or equal to 10% forested land use upstream (including 3 sites with no forested land 
use in their upstream catchments).  In all, 7% of stream miles had more than 90% agriculture in 
upstream catchments.  The average percentage of catchment area as agriculture was 45%, 
compared with an average of 18% urban and 37% forest. 

 
Habitat 

Stream health, as determined by the condition of 
biological communities, is often directly correlated to 
the quality of physical habitat within a stream.  Habitat 
loss and degradation have been identified as critical 
factors affecting biological diversity in streams world-
wide.  Habitat degradation can result from a variety of 
human impacts occurring within the stream itself or in 
the surrounding watershed.  Typical instream impacts 
include sedimentation, channelization, and bank erosion.  
Urban development, timber harvesting, agriculture, 
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livestock grazing, and the draining or filling of wetlands are well-known examples of human 
activities affecting stream habitat at the watershed scale. 

 
These human activities may cause changes in vegetative cover, sediment loads, hydrol-

ogy, and other factors influencing stream habitat quality.  The amount of forest, meadow, and 
other vegetative cover in a watershed regulates the flow of water, nutrients, and sediments to 
adjacent streams. In watersheds affected by human land uses, riparian (streamside) forests can 
act as a filter, reducing the amounts of nutrients, sediments, and other pollutants reaching 
streams.  They also provide local benefits of shade, leaf litter to feed the aquatic food web, and 
large woody debris, which in turn provides cover and 
forms pool and riffle microhabitats preferred by fish and 
other aquatic animals.  The loss of watershed or riparian 
vegetation increases the potential for overland and 
channel erosion, often increasing the siltation of stream 
bottoms and obliterating the clean gravel surfaces used by 
many fish species as spawning habitat.  Stream bottoms 
that become embedded with increased sediment offer 
poor habitat for many bottom-dwelling species.  The 
impervious surfaces of urban areas and the direct 
connection of runoff to storm water pipes or channelized streams alter runoff patterns and creates 
"flashy" streams with more extreme high and low flows, increased scouring, and streambank 
erosion. These altered flows accelerate downcutting and widening of stream channels.  

 
The FCSS collects data on many aspects of physical habitat, including the extent and type 

of vegetated riparian buffer, the severity of bank erosion observed, and an overall indicator of 
habitat quality.  The Physical Habitat Index (PHI) for Maryland streams was developed using 
data from the Maryland Biological Stream Survey (Paul et al., 2002).  This index combines 
several measures of physical habitat characteristics into one value that is then compared to 
minimally impacted (“reference”) sites throughout the state.   

 
What percentage of stream miles lack vegetated riparian buffers?  
  

For the purposes of this report, the riparian buffer width on both sides of the stream was 
summed together as a measure of riparian buffer integrity.  Fifteen percent of stream miles in the 
County had vegetated riparian buffer widths less than 15 meters, while 69% of stream miles in 
the County had vegetated riparian buffers of at least 60 meters.  An ideal width depends upon 
what functions are expected of the riparian buffer.  Watershed and site characteristics, as well as 
those of the buffer itself, must be taken into account when determining an ideal buffer width. 

 

Figure 2. Riparian buffer width 2008-2010, Frederick County 
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What percentage of stream miles exhibit severe bank erosion?  
 
In 2008-2010, only 10% of stream miles in the County showed no indications of bank 

erosion, while 25% of stream miles exhibited severe erosion, based on the height and extent of 
the erosion (Figure 3). 

 

 
Figure 3. Frederick County 2008-2010 bank erosion 
 

In 2008-2010, 19% of stream miles in the County were rated as Severely Degraded and 
25% were Marginally Degraded based on the Physical Habitat Indicator.  (Figure 4; see 
Appendix for scoring ranges.) 

 

 
Figure 4. Frederick County 2008-2010 Physical Habitat Indicator 
 
Water Quality 

 
Nutrients such as nitrogen and phosphorus are important for life in all aquatic systems.  

In the absence of human influence, streams contain background levels of nutrients that are 
essential to the survival of the aquatic plants and animals.  However, since the time of European 
settlement, the amount of nitrogen and phosphorus in many North American stream systems has 



  
 
 
 

 
5 

increased, as a result of human influences such as agricul-
tural runoff, wastewater discharge, and urban/suburban 
runoff. 

 
Elevated nitrogen is one contributor to nutrient 

enrichment in Frederick County streams. Excessive 
nitrogen loading may lead to the eutrophication of a water 
body, particularly in downstream estuaries like the 
Potomac River and Chesapeake Bay.  Eutrophication can 
cause algal blooms, which can lead to decreased levels of 
dissolved oxygen in the water.  Prolonged exposure to low dissolved oxygen conditions can 
asphyxiate fish, shellfish, and other animals. 

 
Estimates of nitrogen sources in Maryland, as 

presented in the Chesapeake Bay TMDL (Chesapeake Bay 
Phase 5.2 Watershed model, 2008 Scenario), are that 36% 
is from agricultural sources, 29% from developed land, 
10% from forest, and 25% from wastewater treatment 
plants.  

 
The FCSS records field measures of dissolved 

oxygen and other water quality parameters and collects 
water samples for laboratory analysis of nitrogen and phosphorus. 
 
What percentage of stream miles have dissolved oxygen less than the state water quality 
standard at the time of sampling?  

 
The state water quality standard for dissolved oxygen is 5 mg/l.  Based on spring 2008-

2010 sampling, no stream miles in Frederick County had a dissolved oxygen level less than 
5 mg/l at the time of sampling (Figure 5).  Sampling occurred once at each site during March-
April 2008, 2009, and 2010.  While dissolved oxygen may be lower during a summer sampling 
event, Maryland streams tend to have dissolved oxygen values higher than 5 mg/L. 

 

 
Figure 5. Frederick County 2008-2010 Dissolved Oxygen 
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What is the geographic distribution of streams with high amounts of Total Nitrogen?  
 

The northwestern portion of the County, where forested land use is greatest (Figure 6), 
seemed to have slightly lower concentrations of Total Nitrogen than the easternmost portion. 

 

 
Figure 6. Nitrogen at sites sampled by the FCSS 2008-2010 
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