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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 moni-
toring and assessment program to collect information on the health and quality 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 ran-
dom sampling approach to 
draw inferences about stream 
condition in each of the 
County’s 20 watersheds and 
for 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 watersheds and 
streams and, in particular, the 
stressors affecting 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 watersheds 
to help develop, test, and 
refine the design and sampling 
protocols for the full FCSS, 
which will take place through-
out the County in 2008–2011.  
For the Pilot Study, field crews 
contacted landowners and 
sampled 15 sites in each of the two watersheds.  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 make an assessment of 
stream conditions in the two watersheds.  Because the sites were randomly selected, estimates of 
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the extent of streams (percentage of stream miles) in different condition classes for each 
assessment measure could be made.   

 
This report presents the key findings from the Pilot Study, including answers to each of 

10 study questions.  Further details, including selected results for each individual monitoring site, 
and found in the Appendix.  The FCSS, which began sampling throughout the County in spring 
2008, will ultimately provide information on stream condition and related stressors by watershed 
and Countywide, building on the types of information presented here. 

 
Overall, biological conditions in each of the two watersheds (Bennett and Catoctin 

Creek) were rated as fair, and both watersheds were affected by a variety of land use, habitat, and 
water quality factors.  Stream condition results and an assessment of key stressors are high-
lighted in the following sections: 

 
·  Land Use 
·  Habitat 
·  Water Quality 

 
·  Biological Condition 
·  Stressors 

 
 

2007 PILOT STUDY RESULTS 
 
Land Use 

 
Watershed land use is a measure of human 

influence upon a stream.  A watershed is an area of land 
that drains to a particular body of water.  Watersheds form 
natural geographic units for assessing impacts on streams 
because land use within the watershed upstream of a 
specific stream site is representative of many of the human 
activities affecting the stream at that point.  

 
Conversion of naturally vegetated lands to urban 

and agricultural uses can result in serious impacts to streams and their aquatic inhabitants.  In 
urban and suburban areas, impervious surfaces, such as roads, parking lots, sidewalks, and 
rooftops, cause a rapid increase in the rate at which water is transported from the watershed to its 

stream channels.  Effects include an increase in the 
variability of stream flows (more “flashy” flows), 
increased streambank erosion, habitat degradation caused 
by channel instability, increased pollutant runoff, elevated 
temperatures, and losses of biological diversity.  Reviews 
of stream research in numerous watersheds indicate that 
impacts on stream quality are commonly noted at about 
10% coverage by impervious surface (Schueler 1995).  
Effects on sensitive species may occur at even lower 
levels (Roth et al. 1999).  Agricultural impacts upon 
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stream resources can include runoff of sediment, nutrients, and other pollutants, and increased 
erosion leading to habitat and water quality degradation.  Forest cover throughout a watershed, 
and particularly along streams, helps maintain good water quality by taking up nutrients, 
stabilizing soils to prevent erosion and helping sustain a natural pattern of storm and baseflow 
hydrology. 

 
For each of the Pilot Study 

watersheds, land use was exam-
ined through geographic infor-
mation system (GIS) computer 
mapping information.  Bennett 
Creek watershed is characterized 
by 46% forested land, while 
Catoctin Creek is 57% agricultur-
al land.   

 
Habitat 
 

Stream health, as deter-
mined by the condition of biolog-
ical communities, has been shown 
to be 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 worldwide.  Habitat degra-
dation can result from a variety of human impacts 
occurring within the stream itself and in the 
surrounding watershed.  Typical instream impacts 
include sedimentation, channelization, and bank 
erosion.  Urban development, timber harvesting, 
agriculture, livestock grazing, and the draining or 
filling of wetlands are well-known examples of 
human activities affecting stream habitat at a 
broader scale. 

 
These human activities may cause changes 

in vegetative cover, sediment loads, hydrology, 
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 impacted by human land 
uses, riparian (streamside) forests can act as a 
filter, reducing the amounts of nutrients, 

Bennett Creek 
Catoctin 
Creek 
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sediments, and other pollutants reaching streams.  
They also provide local benefits of shade, 
overhead cover, leaf litter to feed the aquatic food 
web, and large woody debris, which in turn 
provides cover and forms pool and riffle micro-
habitats preferred by fish and other aquatic 
animals.  The loss of watershed or riparian vegeta-
tion 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.  Stream channel-
ization alters 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.  This increased flow variability is made worse by urbanization, 
which increases the amount of impervious surface in a watershed, leading to more runoff 
reaching streams quickly during storm events.  

 
The FCSS Pilot Study collected 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 
originally 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.  The Bennett Creek watershed contained no stream miles with less than 
15 meters of vegetated riparian buffer.  Eighty-seven percent of stream miles in this watershed 
had vegetated riparian buffers of at least 60 meters.  Twenty percent of stream miles in Catoctin 
Creek had less than 15 meters of vegetated riparian buffer and 60% of stream miles in this 
watershed had riparian buffers of at least 60 meters. 

Riparian Buffer - Catotcin
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7%

13%

60%

Riparian Buffer 0-15 m

Riparian Buffer 15-30 m

Riparian Buffer 30-60 m

Riparian Buffer 60-100 m
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0% 7%
7%

86%
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What percentage of stream miles exhibit severe bank erosion? 
 

Twenty-seven percent of stream miles in Bennett Creek watershed exhibited severe bank 
erosion.  Similarly, 20% of stream miles in Catoctin Creek exhibited severe bank erosion.  
Conversely, 20% of stream miles in Bennett Creek showed no bank erosion, while all stream 
miles in Catoctin Creek were estimated to exhibit bank erosion to some degree. 

 
What percentage of stream miles have degraded habitat? 

 

 
Results for the two Pilot watersheds were similar for the Physical Habitat Index (PHI).  

Between 50 and 60% of the streams in each watershed had partially degraded physical habitat 
(60% and 53%, for Bennett and Catoctin, respectively), and only a small percentage of the 
streams had severely degraded physical habitat scores (7% in both watersheds).  A small 
percentage of the streams in each watershed had marginally degraded physical habitat scores 
(13% and 7%, respectively), the highest rating.  

 
The distribution of the PHI scores in both watersheds was very similar, with Bennett 

Creek having the lowest score and Catoctin Creek having the highest.  Mean PHI scores for both 
watersheds were in the partially degraded range. 

Erosion Severity - Catoctin
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Physical Habitat Index - Catoctin
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Physical Habitat Indicator
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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 increased, as a 
result of human influences such as agricultural 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 suffocate fish, shellfish, and other animals. 

 
In the Chesapeake Bay watershed, the largest source of nitrogen is from agriculture 

(estimated as 39% of total nitrogen).  Other contributors include point sources (23%), runoff 
from developed areas (9%) and forests (18%), and direct atmospheric deposition to the Bay 
surface (11%; Southerland et al. 1997). 
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The FCSS Pilot Study included field measures of dissolved oxygen and other water 
quality parameters, as well as sampling for nutrients. 
 
What percentage of stream miles have one-time dissolved oxygen (DO) less than the state 
water quality standard?  

 
The state water quality standard for dissolved oxygen is 5 mg/l.  Based on spring 2007 

sampling, no stream miles in either Bennett or Catoctin Creeks had a one-time dissolved oxygen 
level less than 5 mg/l. 

 
What is the geographic distribution of 
streams with high amounts of total nitrogen 
(TN)? 

 
Not surprisingly, the highest TN 

values were observed at stream sites draining 
agricultural and urban areas.  Mean TN was 
3.47 mg/l for Bennett Creek and 3.00 mg/l for 
Catoctin Creek watershed, levels that are con-
sidered moderate in comparison with values 
expected for Maryland streams (Southerland 
et al. 2005). 
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In Bennett Creek, the 
sites with the lowest 
concentration of total 
nitrogen were located 
in the western portion 
of the watershed, 
while those with the 
highest TN were in 
the eastern portion.  
The TN pattern in 
Catoctin Creek was 
not as clear, as only 
one site was flagged 
with high TN. 
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Biological Condition 
 
Stream biological communities can provide key information about stream conditions 

(adapted from DNR 2004).  Freshwater benthic macroinvertebrates are bottom-dwelling aquatic 
animals without backbones that are larger than 0.5 millimeters long.  These animals live on 
rocks, logs, sediment, debris and aquatic plants during some period in their life.  Stream benthic 
macroinvertebrates include crustaceans such as crayfish, mollusks such as clams and snails, 
aquatic worms, and the immature forms of aquatic insects such as stonefly and mayfly nymphs. 

 
Benthic macroinvertebrates are an important part 

of the food chain.  Many invertebrates feed on algae and 
bacteria, which are on the lower end of the food chain. 
Some shred and eat leaves and other organic matter that 
enters the water.  Because of their abundance and position 
as “middlemen” in the aquatic food chain, benthic macro-
invertebrates play a critical role in the natural flow of 
energy and nutrients.  As they die, they decay, leaving 
behind nutrients that are reused by aquatic plants and other 
animals in the food chain. 

 
Unlike fish, benthic macroinvertebrates cannot move around much, so they are less able 

to escape the effects of sediment and other pollutants that diminish water quality and degrade 
habitat.  Therefore, benthic macroinvertebrates can provide reliable information on stream 
degradation.  Benthic macroinvertebrates represent an extremely diverse group of aquatic 
animals and the large number of species possess a wide range of responses to stressors such as 
organic pollutants, sediments, and toxins.  They can serve as an early warning sign of declines in 
environmental quality. 

 
The Benthic Index of Biotic Integrity (IBI) is a stream assessment tool that evaluates 

stream biological integrity based on characteristics of the various benthic organisms present at a 
site.  Biological integrity is defined as the ability to support and maintain a balanced, integrated, 
adaptive community of organisms having a species composition, diversity, and functional 
organization comparable to that of the natural habitat of the region (Karr and Dudley 1981). 

 
Sites were evaluated using the benthic IBI developed for the Maryland Biological Stream 

Survey (for detailed methods, see Southerland et al. 2007b).  IBI scores are determined by com-
paring the benthic assemblages at each site to those found at minimally impacted (“reference”) 
sites within the same region. 

 
Site-specific IBI results were used to estimate the extent of streams within the study 

watersheds that were in good, fair, poor, and very poor condition with respect to the biotic 
integrity of the benthic community. 
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What percentage of stream miles are in very poor, poor, fair, or good condition according to 
the benthic IBI?  

 
In Bennett Creek, the greatest percentage of stream miles (47%) were in fair condition, 

followed by 33% of stream miles in good condition, 13% of stream miles in very poor condition, 
and 7% of stream miles in poor condition.  Catoctin Creek also had the greatest percentage of 
stream miles in fair condition (60%).  This was followed by 27% of stream miles in poor 
condition and 13% of stream miles in good condition.  Catoctin Creek had no stream miles rated 
very poor. 
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Bennett Creek and Catoctin Creek had similar mean benthic IBI scores (3.25 and 3.27, 
respectively), both falling in the category of fair.  While the benthic IBI scores in Catoctin Creek 
were fairly evenly distributed around the mean, scores in Bennett Creek were more variable, with 
one site receiving a low score of 1.50 and two sites receiving high scores of 4.25. 

 
The following maps illustrate the Benthic IBI scores at stream sites in Bennett Creek and 

Catoctin Creek watersheds. 
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What percentage of stream miles have suitable physical habitat and would be expected to have 
desired species if other stressors were absent (i.e., are good candidates for restoration)?  

 
As noted above, 13% of stream miles in Bennett Creek and 7% of stream miles in 

Catoctin Creek were rated in the highest category for habitat condition according to the PHI.  
Some of these sites already have good ratings for biotic integrity, while others were lower, 
indicating potential for improvement.   
 

Benthic IBI vs. Physical Habitat Indicator
 Bennett Creek
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As an additional step towards understanding the relationship between stressors and 

stream condition, the relationship between the PHI and the Benthic IBI was examined.  In the 
above example in Bennett Creek, while the relationship between the PHI and the BIBI was not 
significant, there was a slight tendency to find high benthic IBI scores at sites with higher PHI 
scores.  At one site where BIBI was rated Fair (3.75) and PHI was rated Severely Degraded 
(29.3), further analysis of the variables that make up the PHI indicated that it was the absence of 
woody debris in the stream that was lowering the PHI score.  Woody debris typically is 
important to fish habitat, but may be less of an influence on benthic macroinvertebrates.  The 
relationship between PHI and the BIBI for Catoctin Creek did not show a clear trend. 

 
What is the relationship of different land uses to biotic condition (IBI scores) in Frederick 
County?  
 

In Bennett Creek, there was an inverse relationship between agricultural land use and 
forested land use in the catchments upstream of the sample sites, which was reflected in these 
land uses’ relationships to benthic IBI scores.  As a general rule, greater percentages of 
agricultural land were associated with lower benthic IBI scores, while sites with more forested 
land tended to have higher IBI scores.  There was not a strong relationship between the benthic 
IBI and urban land use, probably because only two sites had urban land use greater than 20% in 
the upstream catchment. 
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There were no strong relationships between land use and biotic condition for Catoctin 
Creek sites.  This could be due to the fact that the IBI scores did not vary greatly in this 
watershed, and mixed land uses were more common.  

 
What are the land cover/land use characteristics of streams in good and poor condition?  

 
In Bennett Creek, the five sites rated as good by the benthic IBI were all in catchments 

dominated by forest land (77 to 100% forest).  In Catoctin Creek however, the two sites rated as 
good had lower percentages of forest, and agriculture ranging from 49 to 100%.    

 
The lowest benthic IBI scores were noted at two Bennett Creek sites that were rated as 

very poor; one had 53% urban land and the other was in a catchment of 84% agriculture.  How-
ever, other sites with high urban or agricultural land were not necessarily in poor or very poor 
condition, suggesting that a wide range of biological conditions can be achieved even in urban 
and agricultural areas, and that within these areas, specific land use practices may be of great 
importance in determining the degree of impact to aquatic biota.  

 
What percentage of stream miles that are in good condition are near the thresholds of 
impervious surface likely to cause degradation (i.e., are most vulnerable)? 

 
Impervious surfaces are mainly constructed surfaces - rooftops, sidewalks, roads, and 

parking lots – covered by impenetrable materials such as asphalt, concrete, brick, and stone. 
These materials seal surfaces, repel water and prevent precipitation and meltwater from 
infiltrating soils. Soils compacted by urban development are also highly impervious.  Impervious 
surfaces increase runoff, reduce evapotranspiration, have high thermal conductivities, and 
contribute to non-point source pollution problems.  As a rule, water quality problems increase 
with increased impervious surface cover, leading to degraded stream conditions 
(http://chesapeake.towson.edu/landscape/impervious/what_imp2.asp). 

 
Research has shown that stream conditions show a definite decrease in watersheds with 

25% impervious surface, but as little as 10% impervious surface can negatively affect the quality 
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of the stream (Schueler 1995).  
Land use data from the Maryland 
Department of Planning (2002) 
were used to calculate impervious 
surface cover for watersheds 
throughout Frederick County.  At 
this scale, only three of the twenty 
watersheds had impervious surface 
greater than 10%, and none were 
greater than 25%.  This suggests 
that, on the whole, streams in 
Frederick County are not yet exper-
iencing the level of degradation 
common in more highly urbanized 
areas. 

 
Impervious surface cover 

was also calculated for the 
individual sites sampled in the Pilot 
Study.  In Bennett Creek, percent 
impervious values ranged from 
1.5% to 11.0% (mean value of 
2.6%); in Catoctin Creek, values 
ranged from 1.6% to 9.9%.  
Although Bennett Creek contained 
the site with the highest mean 
percent impervious value, the 
average percent impervious was 
slightly higher at sites in Catoctin Creek (mean values of 2.6% and 3.2%, respectively).   

 
No site in either watershed had greater than 25% impervious surface in its upstream 

catchment.  One site in Bennett Creek, which was rated Fair by the benthic IBI, had slightly 
greater than 10% impervious surface (11.0%) in its upstream catchment.  In Catoctin Creek, one 
site had a catchment impervious surface of 9.9% - very close to the degradation threshold.  This 
site was was also rated Fair by the benthic IBI.  At these two sites, a small increase in the 
impervious surface in the upstream catchments may result in a dramatic worsening in stream 
condition. 

 
Stressor Analysis 

 
In order to aid the State of Maryland in the establishment of ways to improve waters that 

have been identified as impaired (through, for example, development of Total Maximum Daily 
Loads [TMDLs]), the Maryland Department of the Environment (MDE) has recently developed 
a method for identifying likely stressors to Maryland waters based on the MBSS data 
(Southerland et al. 2007a).  This stressor identification method involves two steps:  (1) Stream 
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disturbance index scores for three stressor types (flow/sediment, energy source, and inorganic 
pollutants) are calculated for each site, and (2) Index scores for each stressor type are averaged 
across all sites in the watershed and the likelihood of each stressor type affecting the watershed is 
defined as none, low, moderate, or high.  The table below lists the variables included in each 
stressor type. 

 
This method was applied to the data collected in the Pilot Study.  Results can be used to 

highlight the stressors affecting the streams in Frederick County.  If areas are identified with 
extensive problems, this analysis will provide support for the County to develop new manage-
ment measures to reduce specific stressors. 

 
 

What are the specific stressor types (flow/sediment, energy source, inorganic pollutants) 
affecting each watershed and to what degree are they prevalent? 
 

 Stressor Types 
Watershed Flow/Sediment Energy Source Inorganic Pollutants 

Factors Included in 
Each Stressor Type 

Benthic Tolerance, 
Embeddedness, Epifaunal 
Substrate, Instream Habitat 
Structure 

Hilsenhoff Biotic Index, Dissolved 
Oxygen, Dissolved Organic 
Carbon, Ammonia, Total 
Phosphorus Conductivity  

Bennett Creek High None Low 
Catoctin Creek Low None High 

 
 
FUTURE MONITORING OF FREDERICK COUNTY STREAMS 

 
Monitoring for the FCSS will take place over the next four years (2008-2011).  Key 

questions, including the 10 study questions above, will be answered in more detail with each 
year of data provided.   

 
Spring sampling for 2008 was conducted at 50 sites Countywide.  With the results from 

each year, beginning with 2008, countywide results can be produced at the large (Maryland 
8-digit) watershed level (Upper and Lower Monocacy rivers, for example).   

 
At the completion of the four-year survey, results will be available for each of the 

20 watersheds in the County.  Results will help identify watersheds and specific sites or groups 
of sites that are in excellent condition and are candidates for protection, and to help identify 
watersheds and specific areas that are degraded and would be priorities for restoration targeting.  
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Appendix-3 

Table Appendix-1. BIBI and PHI scores for sites sampled in Bennett and 
Catoctin Creek Watersheds. 

SITE DATE SAMPLED BIBI PHI 
BENNETT CREEK 

BENN01-2007 4/24/2007 3.25 75.64 
BENN03-2007 4/24/2007 2.5 59.27 
BENN06-2007 4/26/2007 4 65.89 
BENN08-2007 4/25/2007 3 67.05 
BENN11-2007 4/24/2007 3 66.82 
BENN13-2007 4/25/2007 3.25 74.62 
BENN15-2007 4/24/2007 4 80.45 
BENN17-2007 4/23/2007 3 74.97 
BENN18-2007 4/23/2007 3.25 75.97 
BENN25-2007 4/26/2007 1.75 67.97 
BENN27-2007 4/25/2007 4.25 76.46 
BENN29-2007 4/26/2007 4.25 84.66 
BENN30-2007 4/23/2007 1.5 56.47 
BENN32-2007 4/25/2007 4 52.88 
BENN33-2007 4/26/2007 3.75 29.34 

CATOCTIN CREEK 
CATO02-2007 4/25/2007 4 63.90 
CATO03-2007 4/24/2007 3.5 69.68 
CATO04-2007 4/24/2007 4 56.22 
CATO05-2007 4/26/2007 3.5 74.27 
CATO08-2007 4/23/2007 3.75 77.76 
CATO10-2007 4/24/2007 3.25 79.64 
CATO12-2007 4/25/2007 2.75 40.80 
CATO16-2007 4/26/2007 2.5 91.26 
CATO17-2007 4/23/2007 3.25 73.77 
CATO18-2007 4/25/2007 2.75 59.14 
CATO20-2007 4/25/2007 3.75 68.88 
CATO21-2007 4/23/2007 3.25 77.13 
CATO27-2007 4/23/2007 2.25 58.99 
CATO28-2007 4/24/2007 3 65.03 
CATO30-2007 4/26/2007 3.5 56.23 

 
Table Appendix-2. Thresholds for condition classes (Good, Fair, Poor, Very Poor) for BIBI 

and PHI scores in accordance with MBSS. 
Condition Class BIBI range PHI range Description (Roth et al. 1998)  
Good/Marginally 
Degraded 

4.0–5.0 81 – 100 Comparable to reference streams considered to be 
minimally impacted. 

Fair/ Partially Degraded 3.0–3.9 66-80 Comparable to reference conditions, but some aspects 
of biological integrity may not resemble the qualities 
of minimally impacted streams. 

Poor/ Degraded 2.0–2.9 51-65 Significant deviation from reference conditions, with 
many aspects of biological integrity not resembling the 
qualities of minimally impacted streams. 

Very Poor/Severely 
Degraded 

1.0–1.9 0-50 Strong deviation from reference conditions, with most 
aspects of biological integrity not resembling the 
qualities of minimally impacted streams. 
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Table Appendix-3. Upstream catchment land use (expressed as percent agriculture, 
urban, forest, and water) for sites sampled in Bennett and Catoctin 
Creek Watersheds. (GIS data source:  Maryland Department of 
Planning 2002) 

SITE % Agriculture % Urban % Forested % Water 
BENNETT CREEK  

BENN01-2007 91.69 0.05 8.26 0 
BENN03-2007 77.67 6.92 15.40 0 
BENN06-2007 0 0 100 0 
BENN08-2007 0 0 100 0 
BENN11-2007 0 94.41 5.59 0 
BENN13-2007 0 0 100 0 
BENN15-2007 22.97 0 77.03 0 
BENN17-2007 70.90 1.19 27.91 0 
BENN18-2007 73.11 1.36 25.53 0 
BENN25-2007 9.77 52.33 37.49 0.41 
BENN27-2007 1.90 0.00 98.10 0 
BENN29-2007 0 0 100 0 
BENN30-2007 83.53 0.00 16.47 0 
BENN32-2007 0 0 100 0 
BENN33-2007 41.59 0 58.41 0 

CATOCTIN CREEK  
CATO02-2007 100 0 0 0 
CATO03-2007 44.82 24.18 31.00 0 
CATO04-2007 49.48 12.89 37.59 0.04 
CATO05-2007 28.26 11.27 60.47 0 
CATO08-2007 17.24 40.94 41.82 0 
CATO10-2007 91.74 8.26 0.00 0 
CATO12-2007 11.85 88.15 0.00 0 
CATO16-2007 63.99 0 36.01 0 
CATO17-2007 42.86 0 57.14 0 
CATO18-2007 92.30 6.27 1.43 0 
CATO20-2007 27.60 0 72.40 0 
CATO21-2007 45.44 8.84 45.72 0 
CATO27-2007 34.27 0 65.73 0 
CATO28-2007 69.45 8.42 22.13 0.01 
CATO30-2007 45.85 0.22 53.93 0 

 
Agriculture includes the following land uses:   
Cropland–Field crops and forage crops. 
Pasture–Land used for pasture, both permanent and rotated; grass. 
Orchards/vineyards/horticulture - Areas of intensively managed commercial bush and tree crops, 

including areas used for fruit production, vineyards, sod and seed farms, nurseries, and 
green houses. 

Feeding operations–Cattle feed lots, holding lots for animals, hog feeding lots, poultry houses, 
and commercial fishing areas (including oyster beds). 

Agricultural building breeding and training facilities, storage facilities, built-up areas associated 
with a farmstead, small farm ponds, commercial fishing areas. 

Row and garden crops–Intensively managed truck and vegetable farms and associated areas. 
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Urban includes the following land uses: 
Low–density residential–Detached single-family/duplex dwelling units, yards and associated 

areas.  Areas of more than 90 percent single-family/duplex dwelling units, with lot sizes 
of less than five acres but at least one-half acre (0.2 dwelling units/acre to 2 dwelling 
units/acre). 

Medium–density residential–Detached single-family/duplex, attached single-unit row housing, 
yards, and associated areas.  Areas of more than 90 percent single-family/duplex units 
and attached single-unit row housing, with lot sizes of less than one-half acre but at least 
one-eighth acre (2 dwelling units/acre to 8 dwelling units/acre). 

High–density residential–Attached single-unit row housing, garden apartments, high-rise 
apartments/condominiums, mobile home and trailer parks.  Areas of more than 90 percent 
high-density residential units, with more than 8 dwelling units per acre. 

Commercial–Retail and wholesale services.  Areas used primarily for the sale of products and 
services, including associated yards and parking areas. 

Industrial–Manufacturing and industrial parks, including associated warehouses, storage yards, 
research laboratories, and parking areas. 

Institutional–Elementary and secondary schools, middle schools, junior and senior high schools, 
public and private colleges and universities, military installations (built-up areas only, 
including buildings and storage, training, and similar areas), churches, medical and health 
facilities, correctional facilities, and government offices and facilities that are clearly 
separable from the surrounding land cover. 

Extractive–Surface mining operations, including sand and gravel pits, quarries, coal surface 
mines, and deep coal mines.  Status of activity (active vs. abandoned) is not 
distinguished. 

Open urban land–Urban areas whose use does not require structures, or urban areas where non-
conforming uses characterized by open land have become isolated.  Included are golf 
courses, parks, recreation areas (except areas associated with schools or other 
institutions), cemeteries, and entrapped agricultural and undeveloped land within urban 
areas. 

 
Forest includes the following land uses: 
Deciduous forest–Forested areas in which the trees characteristically lose their leaves at the end 

of the growing season.  Included are such species as oak, hickory, aspen, sycamore, birch, 
yellow poplar, elm, maple, and cypress. 

Evergreen forest–Forested areas in which the trees are characterized by persistent foliage 
throughout the year.  Included are such species as white pine, pond pine, hemlock, 
southern white cedar, and red pine. 

Mixed forest–Forested areas in which neither deciduous nor evergreen species dominate, but in 
which there is a combination of both types. 

Brush–Areas which do not produce timber or other wood products but may have cut-over timber 
stands, abandoned agriculture fields, or pasture.  These areas are characterized by 
vegetation types such as sumac, vines, rose, brambles, and tree seedlings. 

 
Water includes the following land uses: 
Water–Rivers, waterways, reservoirs, ponds, bays, estuaries, and ocean.
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Table Appendix-4. Water chemistry parameter values (mg/l) for sites sampled in Bennett and Catoctin Creek 
Watersheds. 

 
Site 

Date 
Sampled 

Dissolved 
Oxygen Nitrate-N Nitrite-N Ammonia-N 

Total 
Nitrogen 

Total 
Phosphorus 

Ortho-
phosphate 

BENNETT CREEK 
BENN01-2007 4/24/2007 10.7 3.9375 0.0107 0.0100 4.2115 0.0147 0.0035 
BENN03-2007 4/24/2007 10.4 8.9501 0.0183 0.0103 10.8655 0.0259 0.0062 
BENN06-2007 4/26/2007 9.6 0.0050 0.0019 0.0027 0.1294 0.0309 0.0033 
BENN08-2007 4/25/2007 11 0.0371 0.0019 0.0042 0.1235 0.0059 0.0012 
BENN11-2007 4/24/2007 10.2 6.3114 0.0021 0.0020 7.5914 0.0178 0.0012 
BENN13-2007 4/25/2007 8.4 0.0502 0.0019 0.0083 0.4675 0.0289 0.0021 
BENN15-2007 4/24/2007 9.6 1.6835 0.0019 0.0071 1.7937 0.0188 0.0132 
BENN17-2007 4/23/2007 10.8 3.1203 0.0116 0.0203 3.4711 0.0331 0.0129 
BENN18-2007 4/23/2007 9.9 3.3231 0.0095 0.0116 3.5625 0.0219 0.0114 
BENN25-2007 4/26/2007 10 7.9969 0.0037 0.0116 9.8395 0.0116 0.0012 
BENN27-2007 4/25/2007 9.7 0.0875 0.0019 0.0068 0.2145 0.0171 0.0085 
BENN29-2007 4/26/2007 9.2 0.0662 0.0019 0.0043 0.2201 0.0111 0.0031 
BENN30-2007 4/23/2007 9.7 4.6090 0.0085 0.0125 4.8532 0.0336 0.0245 
BENN32-2007 4/25/2007 9.4 0.0752 0.0019 0.0082 0.2494 0.0170 0.0030 
BENN33-2007 4/26/2007 11.1 4.1055 0.0042 0.0062 4.3823 0.0127 0.0057 

CATOCTIN CREEK 
CATO02-2007 4/25/2007 11.6 4.6951 0.0049 0.0083 5.2951 0.0809 0.0299 
CATO03-2007 4/24/2007 10.5 1.8419 0.0104 0.0108 2.1426 0.0446 0.0076 
CATO04-2007 4/24/2007 13.2 1.0522 0.0135 0.0170 1.3104 0.0325 0.0161 
CATO05-2007 4/26/2007 12.4 0.5235 0.0019 0.0064 0.6478 0.0133 0.0056 
CATO08-2007 4/26/2007 12.5 2.7603 0.0050 0.0072 2.898 0.0160 0.0039 
CATO10-2007 4/23/2007 9.4 8.2426 0.0070 0.0125 10.1069 0.0800 0.0430 
CATO12-2007 4/23/2007 13.1 4.5473 0.0028 0.0205 4.7668 0.0838 0.0141 
CATO16-2007 4/24/2007 11.1 1.6035 0.0019 0.0051 1.7386 0.0516 0.0473 
CATO17-2007 4/24/2007 13.2 0.9740 0.0031 0.0138 1.1176 0.0578 0.0179 
CATO18-2007 4/25/2007 9.9 3.5956 0.0055 0.0099 3.7785 0.0217 0.0061 
CATO20-2007 4/26/2007 10.6 1.8032 0.0029 0.0104 1.9792 0.0931 0.0555 
CATO21-2007 4/23/2007 10.3 3.8259 0.0041 0.0109 4.032 0.0691 0.0521 
CATO27-2007 4/25/2007 11.2 0.5423 0.0063 0.0138 0.861 0.0511 0.0031 
CATO28-2007 4/25/2007 10.8 2.7100 0.0214 0.0147 2.999 0.0295 0.0136 
CATO30-2007 4/23/2007 10.7 1.0900 0.0019 0.0048 1.3701 0.0227 0.0119 
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Table Appendix-5. Water quality thresholds (mg/l) for dissolved oxygen and nutrients mea-
sured at sites in Bennett and Catoctin Creek Watersheds. (Southerland et 
al. 2005) 

Parameter Low Moderate High 
Dissolved Oxygen < 3 3–5 > 5 
Nitrate-N < 1.0 1.0–5.0 > 5.0 
Nitrite-N < 0.0025 0.0025–0.01 > 0.01 
Ammonia-N <0.03 0.03–0.07 > 0.07 
Total Nitrogen < 1.5 1.5–7.0 > 7.0 
Total Phosphorus < 0.025 0.025–0.070 > 0.070 
Ortho-phosphate < 0.008 0.008–0.03 > 0.03 

 
Table Appendix-6. Bank erosion scores and riparian buffer widths for sites sampled in 

Bennett and Catoctin Creek Watersheds. 

Site 

 
Date 

Sampled 

Erosion 
Severity 

Left 

Erosion 
Severity 
Right 

Riparian 
Width 

Left (m) 

Riparian 
Width 

Right (m) 

Riparian Width Sum 
(m) (Sum of Left  

and Right) 
BENNETT CREEK 

BENN01-2007 4/24/2007 3 3 50 50 100 
BENN03-2007 4/24/2007 2 2 50 25 75 
BENN06-2007 4/26/2007 0 0 50 50 100 
BENN08-2007 4/25/2007 0 0 50 50 100 
BENN11-2007 4/24/2007 3 3 40 35 75 
BENN13-2007 4/25/2007 1 1 50 50 100 
BENN15-2007 4/24/2007 2 1 12 50 62 
BENN17-2007 4/23/2007 3 3 25 50 75 
BENN18-2007 4/23/2007 2 2 10 50 60 
BENN25-2007 4/26/2007 0 0 50 50 100 
BENN27-2007 4/25/2007 1 1 50 50 100 
BENN29-2007 4/26/2007 1 1 50 50 100 
BENN30-2007 4/23/2007 3 3 10 7 17 
BENN32-2007 4/25/2007 1 2 50 50 100 
BENN33-2007 4/26/2007 2 1 50 50 100 

CATOCTIN CREEK 
CATO02-2007 4/25/2007 2 2 50 50 100 
CATO03-2007 4/24/2007 3 3 10 5 15 
CATO04-2007 4/24/2007 3 2 50 50 100 
CATO05-2007 4/26/2007 1 3 50 50 100 
CATO08-2007 4/23/2007 1 1 5 5 10 
CATO10-2007 4/24/2007 2 1 50 50 100 
CATO12-2007 4/25/2007 1 1 50 50 100 
CATO16-2007 4/26/2007 3 3 50 15 65 
CATO17-2007 4/23/2007 1 1 50 50 100 
CATO18-2007 4/25/2007 1 1 3 5 8 
CATO20-2007 4/25/2007 1 1 8 20 28 
CATO21-2007 4/23/2007 1 1 10 50 60 
CATO27-2007 4/23/2007 1 1 50 50 100 
CATO28-2007 4/24/2007 1 2 50 50 100 
CATO30-2007 4/26/2007 2 2 50 2 52 
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Table Appendix -7. Erosion severity classes 
Erosion Severity Class Score 

None 0 
Minimum 1 
Moderate 2 

Severe 3 
 
 

The following is derived from MBSS procedures (Roth et al. 2003).  A site was con-
sidered to have severe erosion if either bank (left or right) is rated a “3” under Erosion Severity 
score. 

 
We created four categories for Riparian Buffer Width.  The buffer widths from left and 

right banks were summed together to obtain Riparian Width Sum.  We ranked each site’s buffer 
width as follows: 

 
Table Appendix-8. Riparian width sum classes 
Category Riparian Width Sum 

1 �  15 m 
2 15 m to �  30 m 
3 30 m to �  60 m 
4 > 60 m 
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Table Appendix-9. Percent impervious surface in catchments upstream of sites sampled in 
Bennett and Catoctin Creek Watersheds  

BENNETT CREEK CATOCTIN CREEK 

SITE 
Percent Impervious 

Surface SITE 
Percent Impervious 

Surface 

BENN01-2007 1.87 CATO02-2007 1.90 
BENN03-2007 2.33 CATO03-2007 3.49 
BENN06-2007 1.50 CATO04-2007 3.48 
BENN08-2007 1.50 CATO05-2007 2.48 
BENN11-2007 11.05 CATO08-2007 9.91 
BENN13-2007 1.50 CATO10-2007 2.49 
BENN15-2007 1.59 CATO12-2007 8.16 
BENN17-2007 1.87 CATO16-2007 1.76 
BENN18-2007 1.89 CATO17-2007 1.67 
BENN25-2007 6.22 CATO18-2007 2.34 
BENN27-2007 1.51 CATO20-2007 1.61 
BENN29-2007 1.50 CATO21-2007 2.34 
BENN30-2007 1.83 CATO27-2007 1.64 
BENN32-2007 1.50 CATO28-2007 2.70 
BENN33-2007 1.67 CATO30-2007 1.70 
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