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Study scoping and design

Catoctin Mountain Park. The approach for 
assessing resource condition within CATO 
required establishment of a reference 
condition (i.e., threshold) for each metric. 
Thresholds ideally were ecologically based 
and derived from the scientific literature. 
However, when data were not available to 
support peer-reviewed ecological thresh-
olds, regulatory and management-based 
thresholds were used.

Due to the wide range of data values for 
some of the metrics, medians were present-
ed as the overall result instead of the mean.

Threshold attainment of metrics was 
calculated based on the percentage of sites 
or samples that met or exceeded thresh-
old values set for each metric. A metric 
attainment score of 100% reflected that 
the metric at all sites and at all times met 
the threshold identified to maintain natu-
ral resources. Conversely, a score of 0% 
indicated that no sites at any sampling time 
met the threshold value. Once attainment 
was calculated for each metric, the median 
was calculated to determine the condition 
of each Vital Sign. Attainment scores were 
categorized on a scale from very good to 
very degraded. Attainment scores for each 
metric are presented in Chapter 4. 

The four Vital Signs scores were then aver-
aged to produce a single assessment score 
for the entire park. Key findings, conclu-
sions, and recommendations were also 
given for each Vital Sign and for the park as 
a whole in Chapter 5. 

3.3 LITERATURE CITED

Budde P.J., B.J. Frakes, L. Nelson, and U. Glick. 
2009. Technical guide for NPScape data and 
processing. Inventory & Monitoring Division, 
National Park Service, Fort Collins, CO.

Fancy, S.G., J.E. Gross, and S.L. Carter. 2008. 
Monitoring the condition of natural re-
sources in US national parks. Environmental 
Monitoring and Assessment: Electronically 
published May 29, 2008. 





39

Natural resource conditions

4.1 AIR QUALITY 

4.1.1 Air quality summary 

Five metrics were used to assess air quality in 
Catoctin Mountain Park (CATO)—wet sulfur 
(S) deposition, wet nitrogen (N) deposition, 
ozone (ppb and W126), visibility, and partic-
ulate matter. A sixth metric (ozone [W126]) 
was analyzed but not included in the overall 
assessment due to an ozone metric (ppb) 
already being included in the assessment. A 
seventh metric (mercury deposition) was 
included for informational purposes but not 

included in the overall assessment. Data used 
for the assessment of current condition of 
wet sulfur and nitrogen deposition, ozone, 
and visibility were obtained from the NPS 
Air Resources Division (ARD) Air Quality 
Estimates (NPS ARD 2011a, b, c) (Table 4.1). 
These data were calculated by the ARD on a 
national scale between 2005 and 2009 using 
an interpolation model based on monitoring 
data. The values for individual parks were 
taken from the interpolation at the park 
centroid, which is a location near the center 
of the park and within the park boundary 
(Figure 4.1). Data for the other two metrics 

Chapter 4: Natural resource conditions

Table 4.1. Ecological monitoring framework data for Air Quality provided by agencies and specific 
sources included in the assessment of CATO.

Metric Agency Reference/source
Wet sulfur deposition NPS ARD NPS ARD 2011a,  

http://nadp.sws.uiuc.edu/sites/ntnmap.asp 

Wet nitrogen deposition NPS ARD NPS ARD 2011a,  
http://nadp.sws.uiuc.edu/sites/ntnmap.asp 

Ozone (ppb and W126) NPS ARD NPS ARD 2011b

Visibility NPS ARD NPS ARD 2011c

Particulate matter (PM 2.5) IMPROVE http://www.epa.gov/airdata/

Mercury deposition MDN-NADP http://nadp.sws.uiuc.edu/mdn/

Table 4.2. Air Quality reference conditions for CATO.

Metric Reference conditions Sites Samples Period
Wet sulfur deposition (kg/ha/yr) < 1; 1–3; > 3 Whole park N/A* 2005–2009

Wet nitrogen deposition (kg/ha/yr) < 1; 1–3; > 3 Whole park N/A* 2005–2009

Ozone (ppb) ≤ 60; 60.1–75; > 75 Whole park N/A* 2005–2009

Ozone (W126; ppm-hrs) < 7; 7–13; > 13 Whole park N/A* 2005–2009

Visibility (dv) < 2; 2–8; > 8 Whole park N/A* 2005–2009

Particulate matter (PM2.5; μg/m3) ≤ 12; 12.1–15; > 15 2 5,476 2001–2010

Mercury deposition (ng/L) N/A 2 701 2001–2011

* One interpolated value represents a five-year average of weekly measurements at multiple sites.

Table 4.3. Categorical ranking of the reference condition attainment categories for Air Quality metrics.

Metric reference conditions
Attainment 
of reference 

condition
Natural resource 

condition

S & N 
deposition 
(kg/ha/yr)

Ozone 
(ppb)

Ozone 
(W126)

Visibility 
(dv)

Particulate 
matter
(μg/m3)

< 1 ≤ 60 < 7 < 2 ≤ 12 100% Good

1–3 60.1–75 7–13 2–8 12.1–15 0–100% (scaled) Moderate

> 3 > 75 > 13 > 8 > 15 0% Significant concern

http://nadp.sws.uiuc.edu/sites/ntnmap.asp
http://nadp.sws.uiuc.edu/sites/ntnmap.asp
http://www.epa.gov/airdata
http://nadp.sws.uiuc.edu/mdn


40

Catoctin Mountain Park Natural Resource Condition Assessment

(particulate matter and mercury deposition) 
were obtained from national monitoring 
network sites (Table 4.1). 

Reference conditions were established for 
each metric (Table 4.2) and the data were 
compared to these reference conditions to 
obtain the percent attainment and con-
verted to the condition assessment for that 
metric (Table 4.3). Multiple reference con-
dition categories were used in accordance 
with the NPS ARD documentation (NPS 
ARD 2011d) (Table 4.2). 

To assess trends, data from the NPS ARD 
report were used where possible (NPS 
ARD 2010). Otherwise, monitoring sites 
used were those closest to CATO from the 
National Atmospheric Deposition Pro-

gram (NADP) and Interagency Monitoring 
of Protected Visual Environments (IM-
PROVE) program (Figure 4.1). 

CATO scored 0% attainment (or condi-
tions of significant concern) for all air 
quality metrics except particulate matter 
(65% attainment) which scored as moder-
ate (Table 4.4). This resulted in an overall 
air quality condition attainment of 13%, or 
very degraded condition.

Literature cited
NPS ARD (National Park Service, Air Resources 

Division). 2010. Air quality in National Parks: 
2009 annual performance and progress report. 
Natural Resource Report NPS/NRPC/ARD/NRR—
2010/266. National Park Service, Denver, CO. 

NPS ARD (National Park Service, Air Resources 
Division). 2011a. 2005–2009 5-year average 

Table 4.4. Summary of resource condition assessment of Air Quality in CATO.

Metric Result Reference 
conditions

%  
attainment Condition Air Quality 

condition
Wet sulfur deposition (kg/ha/yr) 5.40 < 1; 1–3; > 3 0 Significant concern

13%

Very degraded

Wet nitrogen deposition (kg/ha/yr) 4.65 < 1; 1–3; > 3 0 Significant concern

Ozone (ppb) 75.9 ≤ 60; 60.1–75; > 75 0 Significant concern

Ozone (W126; ppm-hrs) 12.6 < 7; 7–13; > 13 6.7 Moderate

Visibility (dv) 13.0 < 2; 2–8; > 8 0 Significant concern

Particulate matter (PM2.5; μg/m3) 13.1 ≤ 12; 12.1–15; > 15 65 Moderate

Mercury deposition (ng/L) 9.1 N/A N/A N/A

Figure 4.1. Regional 
air quality monitoring 
sites for wet deposition 
of sulfur and nitro-
gen, ozone, visibility, 
particulate matter, and 
mercury deposition. 
Wet deposition, ozone, 
and visibility condition 
data for 2005–2009 
were interpolated by 
NPS ARD to estimate 
mean concentrations 
for CATO. 
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wet deposition estimates. NPS Air Quality 
Estimates. Accessed April 9, 2013. http://www.
nature.nps.gov/air/Maps/AirAtlas/IM_materi-
als.cfm 

NPS ARD (National Park Service, Air Resources 
Division). 2011b. 2005–2009 5-year average 
ozone estimates. NPS Air Quality Estimates. 
National Park Service. Denver, CO. Accessed 
April 9, 2013. http://www.nature.nps.gov/air/
Maps/AirAtlas/IM_materials.cfm 

NPS ARD (National Park Service, Air Resources 
Division). 2011c. 2005–2009 5-year average 
visibility estimates. NPS Air Quality Estimates. 
National Park Service. Denver, CO. Accessed 
April 9, 2013. http://www.nature.nps.gov/air/
Maps/AirAtlas/IM_materials.cfm 

NPS ARD (National Park Service, Air Resources 
Division). 2011d. Rating air quality condi-
tions. National Park Service, Denver, CO. 
Accessed April 9, 2013. http://www.nature.
nps.gov/air/planning/docs/20111122_Rating-
AQ-Conditions.pdf

http://www.nature.nps.gov/air/Maps/AirAtlas/IM_materials.cfm
http://www.nature.nps.gov/air/Maps/AirAtlas/IM_materials.cfm
http://www.nature.nps.gov/air/Maps/AirAtlas/IM_materials.cfm
http://www.nature.nps.gov/air/Maps/AirAtlas/IM_materials.cfm
http://www.nature.nps.gov/air/Maps/AirAtlas/IM_materials.cfm
http://www.nature.nps.gov/air/Maps/AirAtlas/IM_materials.cfm
http://www.nature.nps.gov/air/Maps/AirAtlas/IM_materials.cfm
http://www.nature.nps.gov/air/planning/docs/20111122_Rating-AQ-Conditions.pdf
http://www.nature.nps.gov/air/planning/docs/20111122_Rating-AQ-Conditions.pdf
http://www.nature.nps.gov/air/planning/docs/20111122_Rating-AQ-Conditions.pdf
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4.1.2 Wet sulfur deposition 

Description 
Emissions of sulfur dioxide (SO2) in the 
U.S. increased from nine million metric 
tons in 1900 up to 28.8 million metric 
tons by 1973, with 60% of these emissions 
coming from electric utilities. Geographi-
cally, 41% came from the seven Mid-
west states centered on the Ohio Valley 
(Driscoll et al. 2001). Largely as a result of 
the Clean Air Act, emissions of SO2 had re-
duced to 17.8 million metric tons by 1996 
and while large areas of the eastern U.S. 
had annual sulfur wet deposition loads 
> 30 kg/ha/yr over the period 1983–1985, 
these areas were mostly < 25 kg/ha/yr by 
the period 1995–1997 (Driscoll et al. 2001). 
Once in the atmosphere, SO2 is highly 
mobile and can be transported distances 
greater than 500 km (311 miles) (Driscoll 
et al. 2001).Wet sulfate (SO4

2-) deposition 
is significant in the eastern parts of the 
United States (Figure 4.2). 

Data and methods 
The reference condition for total sulfur 
wet deposition is ecological. Natural 
background total sulfur deposition in 
the east of the U.S. is 0.5 kg/ha/yr which 
equates to a wet deposition of approxi-

mately 0.25 kg/ ha/yr (Porter and Morris 
2007, NPS ARD 2011b). 

The wet sulfur deposition data used for 
the assessment of current condition were 
taken from the NPS Air Resources Division 
(ARD) Air Quality Estimates (NPS ARD 
2011a) (Table 4.1). These estimates were 
calculated on a national scale between 2005 
and 2009 using an interpolation model 
based on monitoring data. The value for 
CATO was taken from the interpolation at 
the park centroid, which is a location near 
the center of the park (Figure 4.1). 

NPS ARD has established wet sulfur depo-
sition guidelines as < 1 kg/ha/yr indicating 
good condition (or 100% attainment of ref-
erence condition) and > 3 kg/ha/yr indicat-
ing significant concern (or 0% attainment). 
Concentrations of 1–3 kg/ha/yr were con-
sidered in moderate condition, and attain-
ment scores were scaled linearly from 0 to 
100% between these two reference points 
(Figure 4.3, Table 4.5). For the current 
assessment, the reported wet deposition 
value was assessed against these guidelines 
(NPS ARD 2011a, b) (Tables 4.2, 4.3). 

This analysis meant that there was only one 
value reported for wet sulfur deposition for 

Figure 4.2. Total wet 
deposition of sulfate 
(SO4

3-) for the conti-
nental United States 
in 2009 (NADP/NTN 
2010).
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CATO, so this value was assessed against 
the three reference condition ranges de-
scribed above.

Additionally, National Atmospheric 
Deposition Program (NADP) data from 
the three monitoring sites closest to CATO 
were used—site MD07 within the park, 
and sites PA00 and MD99 nearby (Table 
4.1, Figure 4.1). 

Condition and trend 
Interpolated wet sulfur deposition between 
2005 and 2009 for CATO was 5.40 kg/ha/yr 
which resulted in 0% attainment of refer-
ence condition, or a condition of significant 
concern (NPS ARD 2011a) (Table 4.4). In 
a national assessment that ranked parks 
according to relative risk from sulfur (and 
nitrogen) acidification effects, CATO was 
ranked at very high risk (Sullivan et al. 
2011a, b), suggesting that streams and soils 
in the park are very vulnerable to acidifica-
tion. At this time, however, park streams 
are not showing signs of acidification (see 
section 4.2—Water Resources).

CATO is included in the national assess-
ment of current air quality conditions by 
NPS ARD but has not yet been included in 
the country-wide trends analyses. How-
ever, when deposition data were analyzed 
from the three sites closest to the park, site 
MD07 (within the park) showed a signifi-
cant improvement of wet deposition over 
the past decade (p-value < 0.01) (Figure 
4.4). The other two sites nearest the park 
(PA00 and MD99) did not show such a 
trend. 

Sources of expertise 
Air Resources Division, National Park Service. 

http://www.nature.nps.gov/air
National Atmospheric Deposition Program. 

http://nadp.sws.uiuc.edu
Drew Bingham, Geographer, NPS Air Resources 

Division. 
Ellen Porter, NPS Air Resources Division. 
Holly Salazer, NPS Air Resources Coordinator for 

the Northeast Region. 

Literature cited 
Driscoll, C.T., G.B. Lawrence, A.J. Bulger, T.J. 

Butler, C.S. Cronan, C. Eagar, K.F. Lambert, 
G.E. Likens, J.L. Stoddard, and K.C. Weathers. 
2001. Acidic deposition in the northeastern 
United States: sources and inputs, ecosystem 

Figure 4.4. Annual 
wet deposition of sul-
fate (kg SO4 /ha/yr) at 
the three sites closest 
to CATO. Data were 
reported as SO4 deposi-
tion; these data were 
converted to total S de-
position using atomic 
weights (multiplying 
by 0.333). Reference 
conditions are shown 
in gray.
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Table 4.5. Wet sulfur deposition categories, percent attainment, and condi-
tion assessment.

S deposition 
(kg/ha/yr)

% 
attainment Condition

< 1 100% Good

1–3 0–100% (scaled) Moderate

> 3 0% Significant concern

http://www.nature.nps.gov/air
http://nadp.sws.uiuc.edu
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effects, and management strategies. Bio-
science 51: 180–198. 
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Division). 2011a. 2005–2009 5-year average 
wet deposition estimates. NPS Air Quality 
Estimates. National Park Service. Denver, CO. 
Accessed April 9, 2013. http://www.nature.
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Division). 2011b. Rating air quality condi-
tions. National Park Service, Denver, CO. 
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AQ-Conditions.pdf
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Monitoring Protocol: Monitoring Atmos-
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Collins, CO. 
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nell, S.D. Mackey, and D. Moore. 2011b. 
Evaluation of the sensitivity of Inventory and 
Monitoring National Parks to acidification 
effects from atmospheric sulfur and nitrogen 
deposition: National Capital Region Network 
(NCRN). Natural Resource Report NPS/NRPC/
ARD/NRR—2011/367. National Park Service, 
Denver, CO.

http://nadp.sws.uiuc.edu
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IM_materials.cfm
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4.1.3 Wet nitrogen deposition 

Description 
During the 1940s and 1950s, it was recog-
nized in the United States and Great Britain 
that emissions from coal burning and large-
scale industry such as power plants and 
steel mills were causing severely degraded 
air quality in major cities. This resulted in 
severe human health impacts and by the 
early 1970s, the U.S. Environmental Protec-
tion Agency had established the National 
Ambient Air Quality Standards (NAAQS) 
(Porter and Johnson 2007). Since 1970, in 
addition to human health effects, it was 
increasingly recognized that there were sig-
nificant ecosystem impacts of atmospheric 
nitrogen deposition, including acidification 
and nutrient fertilization of waters and 
soils (NPS ARD 2011a). These impacts 
included such measurable effects as the 
disruption of nutrient cycling, changes to 
vegetation structure, loss of stream biodi-
versity, and the eutrophication of streams 
and coastal waters (Driscoll et al. 2001, 
Porter and Johnson 2007). Wet nitrogen 
deposition is significant in the eastern parts 
of the United States (Figure 4.5). 

Data and methods 
The reference condition for total nitrogen 
wet deposition is ecological. Natural back-
ground total nitrogen deposition in the east 

of the U.S. is 0.5 kg/ha/yr which equates to 
a wet deposition of approximately 0.25 kg/
ha/yr (Porter and Morris 2007, NPS ARD 
2011a). Some sensitive ecosystems, such as 
coastal and estuarine waters and upland ar-
eas, show responses to wet nitrogen depo-
sition rates of 1.5 kg/ha/yr, while there is no 
evidence of ecosystem harm at deposition 
rates less than 1 kg/ha/yr (Fenn et al. 2003). 

The wet nitrogen deposition data used for 
the assessment of current condition were 
taken from the NPS Air Resources Division 
(ARD) Air Quality Estimates (NPS ARD 
2011b) (Table 4.1). These estimates were 
calculated on a national scale between 2005 
and 2009 using an interpolation model 
based on monitoring data. The value for 
CATO was taken from the interpolation at 
the park centroid, which is a location near 
the center of the park (Figure 4.1). 

NPS ARD has established wet nitrogen dep-
osition guidelines as < 1 kg/ha/yr indicating 
good condition (or 100% attainment of ref-
erence condition) and > 3 kg/ha/yr indicat-
ing significant concern (or 0% attainment). 
Concentrations of 1–3 kg/ha/yr were con-
sidered in moderate condition, and attain-
ment scores were scaled linearly from 0 to 
100% between these two reference points 
(Figure 4.6, Table 4.6). For the current as-
sessment, the reported wet deposition value 

Figure 4.5. Total wet 
deposition of nitrate 
(NO3

-) and ammonium 
(NH4

+) (kg/ha) for the 
continental United 
States in 2009 (NADP/
NTN 2010).
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was assessed against these guidelines (NPS 
ARD 2011a, b) (Tables 4.2, 4.3). 

This analysis meant that there was only one 
value reported for wet nitrogen deposi-
tion for CATO, so this value was assessed 
against the three reference condition ranges 
described above.

Additionally, National Atmospheric 
Deposition Program (NADP) data from 
the three monitoring sites closest to CATO 
were used—site MD07 within the park, 
and sites PA00 and MD99 nearby (Table 
4.1, Figure 4.1). 

Condition and trend 
Interpolated wet nitrogen deposition 
between 2005 and 2009 for CATO was 
4.65 kg/ha/yr which resulted in 0% attain-
ment of reference condition, or a condition 
of significant concern (NPS ARD 2011b) 
(Table 4.4). In a national assessment that 
ranked parks according to relative risk from 
nutrient nitrogen effects, CATO was ranked 
at moderate risk (Sullivan et al. 2011a, b). 

CATO is included in the national assess-
ment of current air quality conditions by 
NPS ARD but has not yet been included in 
the country-wide trends analyses. However, 
when deposition data were analyzed from 
the three sites closest to the park, none of 
the sites showed a significant improvement 
of wet deposition over the past decade 
(p-value > 0.01) (Figure 4.7).  

Sources of expertise 
Air Resources Division, National Park Service. 

http://www.nature.nps.gov/air
National Atmospheric Deposition Program. 

http://nadp.sws.uiuc.edu
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of the percent attain-
ment categories to the 
wet nitrogen deposi-
tion value categories. 
Wet nitrogen deposi-
tion at CATO was 
4.65 kg/ha/y which 
equated to 0% attain-
ment of the reference 
condition.

Table 4.6. Wet nitrogen deposition categories, percent attainment, and con-
dition assessment.

N deposition 
(kg/ha/yr)

% 
attainment Condition

< 1 100% Good

1–3 0–100% (scaled) Moderate

> 3 0% Significant concern
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4.1.4 Ozone 

Description 
Ozone is a secondary atmospheric pol-
lutant, meaning it is not directly emitted 
but rather is formed by a sunlight-driven 
chemical reaction on nitrogen oxides and 
volatile organic compounds emitted largely 
from burning fossil fuels (Haagen–Smit and 
Fox 1956). In humans, ozone can cause a 
number of health-related issues such as 
lung inflammation and reduced lung func-
tion, which can result in hospitalization. 
Although adverse health effects can occur 
in very sensitive groups at levels below 
60 ppb, the U.S. EPA’s 2007 review of the 
standard concluded that levels between 60 
and 70 ppb would likely be protective of 
most of the population (U.S. EPA 2007). In 
2010, the U.S. EPA proposed establishing a 
separate secondary standard to protect veg-
etation, based on an ecologically relevant 
metric, the W126, which is explained in 
more detail in the following section. Some 
plant species are more sensitive to ozone 
than humans. These sensitive plants can de-
velop foliar injury from elevated ozone ex-
posure levels especially when soil moisture 
levels are moderate to high. Under these 
conditions, plants have their stomata open, 
allowing gas exchange for photosynthesis, 
but also allowing ozone to enter. 

Data and methods 
Ground-level ozone is regulated under the 
Clean Air Act and the U.S. EPA is required 
to set standard concentrations for ozone 
(U.S. EPA 2004). The current National 
Ambient Air Quality Standards (NAAQS) 
standard is 75 ppb, based on the three-
year average annual fourth-highest daily 
maximum eight-hour ozone concentra-
tion at a monitor (NAAQS 2008). Both the 
three-year average annual fourth-highest 
daily maximum eight-hour concentration 
(averaged over five years) and the plant-
exposure metric, the W126, are incorpo-

rated into the benchmarks to assess ozone 
condition within National Park units by the 
National Park Service Air Resources Divi-
sion (NPS ARD 2011a). 

The ozone concentration data used for the 
assessment of current condition were taken 
from the NPS ARD Air Quality Estimates 
(NPS ARD 2011b) (Table 4.1). These esti-
mates were calculated on a national scale 
between 2005 and 2009 using an interpola-
tion model based on monitoring data. The 
value for CATO was taken from the interpo-
lation at the park centroid, which is a loca-
tion near the center of the park (Figure 4.1). 

NPS ARD has established ozone concen-
tration (three-year average fourth-highest 
daily maximum eight-hour ozone concen-
tration, averaged over five years) guidelines 
as ≤ 60.0 ppb (set as 80% of the current 
standard of 75 ppb) indicating good condi-
tion (or 100% attainment of reference 
condition) and > 75 ppb indicating sig-
nificant concern (or 0% attainment) (U.S. 
EPA 2007, NPS ARD 2011a). Concentra-
tions of 60.1–75.0 ppb were considered in 
moderate condition, and attainment scores 
were scaled linearly from 0 to 100% be-
tween these two reference points (Figure 
4.8, Table 4.7). For the current assessment, 
the reported visibility value was assessed 
against these guidelines (NPS ARD 2011a, 
b) (Tables 4.2, 4.3).

NPS ARD also looks at the W126 standard 
to assess the risk for ozone-induced foliar 
damage to sensitive plants. W126 provides 
an index of the cumulative ozone expo-
sure to plants during daylight hours. The 
W126 weights higher ozone concentration 
more heavily because they are more likely 
to cause injury. Values less than 7 parts per 
million-hour (ppm-hrs) are considered safe 
for sensitive plants (or 100% attainment of 
reference condition) and > 13 ppm-hrs is 
considered a significant concern for very 

Table 4.7. Ozone deposition categories, percent attainment, and condition assessment.

Ozone (ppb) Ozone (W126) % attainment Condition
≤ 60 < 7 100% Good

60.1–75 7–13 0–100% (scaled) Moderate

> 75 > 13 0% Significant concern
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sensitive plant species (or 0% attainment). 
Values of  7–13 ppm-hrs represents a mod-
erate condition, and attainment scores were 
scaled linearly from 0 to 100% between 
these two reference points (NPS ARD 2010, 
2011c) (Figure 4.9, Table 4.7). Although the 
W126 metric was analyzed and the attain-
ment was calculated, the score was omit-
ted from the overall assessment due to the 
ozone (ppb) metric already being included 
in the assessment.

This analysis meant that there was only one 
value reported for ozone concentration for 
CATO, so this value was assessed against 
the three reference condition ranges de-
scribed above. 

Condition and trend 
Interpolated fourth-highest daily maximum 
eight-hour ozone concentration between 
2005 and 2009 for CATO was 75.9 ppb 
which resulted in 0% attainment of refer-
ence condition, or a condition of significant 
concern (NPS ARD 2011a) (Table 4.4). In 
addition, the U.S. EPA has announced its 
intention to designate Frederick County, 
MD, which encompasses CATO, as nonat-
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Figure 4.10. Trends in 
annual fourth-highest 
eight-hour ozone 
concentration (ppb), 
1999–2008 (NPS ARD 
2010).
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Figure 4.9. Application 
of the percent attain-
ment categories to the 
ozone (W126) value 
categories. W126 at 
CATO was 12.6 which 
equated to 6.7% at-
tainment of the refer-
ence condition.



50

Catoctin Mountain Park Natural Resource Condition Assessment

tainment for ozone (U.S. EPA 2011) be-
cause of violations of the 75 ppb standard, 
recognizing that air quality is unhealthy at 
times in the area.

Interpolated W126 value between 2005 and 
2009 for CATO was 12.6 ppm-hrs which re-
sulted in 6.7% attainment of reference con-
dition, or very degraded conditions (NPS 
ARD 2011a) (Table 4.4). A national assess-
ment concluded that vegetation at CATO 
was at high risk of injury from ozone, which 
can cause visible foliar injury and reduced 
growth and reproduction (Kohut 2007). 

Although the trend in CATO was not indi-
vidually assessed, a country-wide assess-
ment of ozone trends within 159 park units 
found that in the eastern U.S., ozone trends 
are generally improving over the past 10 
years, largely influenced by the implemen-
tation of the NOX State Implementation 
Plan (SIP) Call rule (EPA 2010, NPS ARD 
2010) (Figure 4.10). 

The overall ozone condition at CATO is 
of significant concern, as the interpolated 
estimate of the eight-hour ozone average 
exceeds the human health standard of 
75 ppb. Additionally, the park is located in 
Frederick County, MD, which is considered 
nonattainment for the standard.

Sources of expertise 
Air Resources Division, National Park Service. 

http://www.nature.nps.gov/air
Drew Bingham, Geographer, NPS Air Resources 

Division. 
Ellen Porter, NPS Air Resources Division. 
Holly Salazer, NPS Air Resources Coordinator for 

the Northeast Region. 
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4.1.5 Visibility 

Description 
The presence of sulfates, organic matter, 
soot, nitrates, and soil dust can impair vis-
ibility. In the eastern U.S., the major cause 
of reduced visibility is sulfate particles 
formed from SO2 emitted from coal com-
bustion (National Research Council 1993). 
The Clean Air Act includes visibility as one 
of its national goals as it is an indicator of 
emissions (U.S. EPA 2004). 

Data and methods 
Air pollution causes haze and reduces vis-
ibility. Visibility is measured using the Haze 
Index in deciviews (dv). As the Haze Index 
increases, the visibility worsens. Condi-
tions for visibility are based on five-year 
average visibility minus estimated average 
natural visibility, where average visibility 
is the mean of visibility between 40th and 
60th percentiles (U.S. EPA 2003, NPS ARD 
2011a). Interpolated five-year averages are 
used within the contiguous U.S. The vis-
ibility condition is expressed as:

Visibility Condition = average current visibil-
ity – estimated average natural visibility

The reference condition for visibility is 
based on the national goal of restoring 
natural visibility. The Regional Haze Rule 
requires remedying existing and prevent-
ing any future visibility impairment in the 
nation’s largest parks and wilderness areas, 
known as the ‘Class I’ areas (NPS ARD 
2010). NPS has adopted this goal for all 
parks, including CATO and all others desig-
nated as Class II under the Clean Air Act.

The haze index data used for the assess-
ment of current condition were taken from 
the NPS Air Resources Division (ARD) Air 
Quality Estimates (NPS ARD 2011b) (Table 
4.1). These estimates were calculated on a 
national scale between 2005 and 2009 using 
an interpolation model based on monitor-
ing data. The value for CATO was taken 
from the interpolation at the park centroid, 
which is a location near the center of the 
park (Figure 4.1). 

NPS ARD has established visibility guide-
lines as ≤ 2 dv above natural conditions 

indicating good condition (or 100% 
attainment of reference condition) and 
≥ 8 dv above natural conditions indicating 
significant concern (or 0% attainment). 
Concentrations of 2–8 dv above natural 
conditions were considered in moderate 
condition, and attainment scores were 
scaled linearly from 0 to 100% between 
these two reference points (Figure 4.11, 
Table 4.8). For the current assessment, 
the reported visibility value was assessed 
against these guidelines (NPS ARD 
2011a, b) (Tables 4.2, 4.3). 

This analysis meant that there was only one 
value reported for the haze index for CATO, 
so this value was assessed against the three 
reference condition ranges described above. 

Condition and trend 
Interpolated haze index between 2005 and 
2009 for CATO was 13.0 dv, which resulted 
in 0% attainment of reference condition, 
or a condition of significant concern (NPS 
ARD 2011a) (Table 4.4). 

A country-wide assessment of visibility 
trends between 1999 and 2008 within 157 
parks found that CATO was one of only 10 
parks showing a significant improvement 
of visibility on the haziest days (NPS ARD 
2010) (Figure 4.12). However, when trends 
for the clearest days and haziest days were 
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Table 4.8. Visibility categories, percent attainment, and condition assessment.

Visibility (dv) % 
attainment Condition

< 2 100% Good

2–8 0–100% (scaled) Moderate

> 8 0% Significant concern
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examined together, there was no significant 
trend in visibility for CATO (NPS ARD 
2010). 

Sources of expertise 
Air Resources Division, National Park Service. 

http://www.nature.nps.gov/air
Drew Bingham, Geographer, NPS Air Resources 

Division. 
Ellen Porter, NPS Air Resources Division. 
Holly Salazer, NPS Air Resources Coordinator for 

the Northeast Region. 
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4.1.6 Particulate matter 

Description 
Fine particles less than 2.5μm diameter 
(PM 2.5) are emitted as smoke from power 
plants, gasoline and diesel engines, wood 
combustion, steel mills, and forest fires. 
Fine particles are also created when emis-
sions of sulfur dioxide and nitrogen dioxide 
transform in the atmosphere to sulfate and 
nitrate particles. These fine particles have 
multiple human health impacts and can 
aggravate lung disease and cause non-fatal 
heart and asthma attacks, acute bronchitis, 
respiratory infection, coughing, wheezing, 
shortness of breath, and changes in lung 
function (U.S. EPA 2006). In recognition of 
these significant health impacts, ground-
level particulate matter is regulated un-
der the Clean Air Act and the U.S. EPA is 
required to set standard concentrations for 
airborne particulates (U.S. EPA 2004a). 

Data and methods 
Data was obtained from the Interagency 
Monitoring of Protected Visual Environ-
ments (IMPROVE) database through the 
U.S. EPA’s AirData interface (Table 4.1) 
for the two sampling locations closest to 
CATO: sites 240430009 near St. James in 
Washington County, MD and 420010001 in 
Arendtsville in Adams County, PA (Figure 
4.1, Table A-1).  

The current National Ambient Air Qual-
ity Standards (NAAQS) particulate matter 
regulatory threshold is a concentration 
of 35 μg/m3 (NAAQS 2008). There are 
two primary standards for PM 2.5. The 

annual standard is met (air condition is 
considered acceptable) when the three-
year average of the annual mean concen-
tration is ≤ 15.0 μg/m3, and the 24-hour or 
‘daily’ standard is met when the three-year 
average of the annual 98th percentile is 
≤ 65.0 μg/m3 (NAAQS 2008). The annual 
standard (≤ 15.0 μg/m3 ) was used as the 
reference condition in the current assess-
ment (Tables 4.2, 4.3). 

In keeping with the NPS ARD calculation 
of multiple thresholds for ozone (NPS 
ARD 2011), good condition (or 100% at-
tainment) for particulate matter represents 
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Table 4.9. Particulate matter categories, percent attainment, and condition 
assessment.

Particulate matter 
(μg/m3)

% 
attainment Condition

≤ 12 100% Good

12.1–15 0–100% (scaled) Moderate

> 15 0% Significant concern
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80% or less (or ≤12.0 μg/m3) of the cur-
rent standard. Values > 15 μg/m3 indicated 
significant concern (or 0% attainment). 
Values of 12.0–15.0 μg/m3 indicated moder-
ate condition, and attainment scores were 
scaled linearly from 0 to 100% between 
these two reference points (Figure 4.13, 
Tables 4.2, 4.3, 4.9). 

Data were 24-hour averages; three-year av-
erages of the annual mean concentrations 
were calculated. The median of all these 
values was taken and assessed against the 
three reference condition ranges described 
above.

Condition and trend 
The two sites closest to CATO had a me-
dian of 13.1 μg/m3 between 2001 and 2010, 
with 65% attainment of the reference con-
dition, or moderate condition (Figure 4.14, 
Table 4.4). Both sites showed a significant 
improving trend of particulate matter over 
the past decade (p-value < 0.01) (Figure 
4.14). 

Sources of expertise 
Interagency Monitoring of Protected Visual 

Environments (IMPROVE). http://vista.cira.
colostate.edu/improve/Data/IMPROVE/im-
prove_data.htm 

U.S. EPA PM Standards. http://epa.gov/ttn/
naaqs/standards/pm/s_pm_index.html 

Literature cited 
NAAQS. 2008. National Ambient Air Quality 

Standards. Accessed April 9, 2013. http://
www.epa.gov/air/criteria.html#6 

NPS ARD (National Park Service, Air Resources 
Division). 2011. Rating air quality conditions. 
National Park Service, Denver, CO. Accessed 
April 9, 2013. http://www.nature.nps.gov/air/
planning/docs/20111122_Rating-AQ-Condi-
tions.pdf

U.S. EPA. 2004a. The Clean Air Act. Washing-
ton United States Environmental Protection 
Agency, Washington D.C. Accessed April 9, 
2013. http://www.epa.gov/air/caa/

U.S. EPA. 2004b. Air Quality Criteria for Particu-
late Matter Vol I of II. EPA/600/P-99/002aF. 
Accessed April 9, 2013. http://cfpub2.epa.gov/
ncea/cfm/recordisplay.cfm?deid=87903

U.S. EPA. 2006. Provisional assessment of recent 
studies on health effects of particulate mat-
ter exposure. EPA/600/R-06/063. 
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http://cfpub2.epa.gov/ncea/cfm/recordisplay.cfm?deid=87903
http://cfpub2.epa.gov/ncea/cfm/recordisplay.cfm?deid=87903
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Figure 4.17. Stream 
sampling locations in 
CATO used for long-
term water quality 
monitoring (Norris et 
al. 2007).
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Figure 4.18. Stream 
sampling locations in 
CATO monitored for 
stream macroinverte-
brates, physical habitat, 
and stream fishes.
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4.2.2 Water pH 

Description 
The streams in and adjacent to CATO 
are an important and unique habitat for 
plants, invertebrates, fish, and amphibians, 
as well as an important water source 
for mammals and birds. Deposition 
of atmospheric sulfate and nitrogen 
are a significant regional concern, and 
freshwater habitats may be impacted by 
acidification (Sardinski and Dunson 1992, 
NPS ARD 2010). Salamanders and fish 
are susceptible to extreme pH values and 
can be limited by food availability even at 
less extreme acidification by, for example, 
reduced zooplankton and periphyton 
communities (Sadinski and Dunson 1992, 
Barr and Babbitt 2002). Reduced pH can 
result in reduced salamander hatching 
success, suppression of larval newt survival, 
and impacts upon frog metamorphosis 
(Sadinski and Dunson 1992). 

Data and methods 
The data analyzed were collected monthly 
between 2000 and 2011 at nine sites by 
CATO staff and monthly between 2000 
and 2011 at three sites by National Capital 
Region Network (NCRN) Inventory & 
Monitoring (I&M) staff (Pieper et al. 2012) 
(Figure 4.17, Table 4.10, Table A-2). NCRN 
followed the sampling protocol specified in 
Norris et al. 2011. 

A reference condition pH range of 6.5–8.5 
was used for this assessment, which is 
the Maryland criteria for Designated Use 
III-P: Nontidal Cold Water and Public 
Water Supply (COMAR 2007a, 2007b, 
2007c) (Table 4.11). Each data point was 
compared against the reference condition 
and assigned a pass or fail result. The 
percentage of passing results was used as 
the percent attainment and translated to a 
condition assessment (Table 4.12a). 

Condition and trend 
Condition of pH in CATO between 200 
and 2011 was very good, with a median pH 
of 7.6 and 99.7% of data points attaining 
the reference condition of 6.5–8.5 (Figures 
4.19, 4.20, Tables 4.13, 4.14). Over the data 
range available, no significant trend was 
present (p-value > 0.01) (Figure 4.20). 

Sources of expertise 
James Pieper, Hydrologic Technician, National 

Capital Region Network Inventory & 
Monitoring Program, National Park Service. 

Literature cited 
Barr, G.E. and K.J. Babbitt. 2002. Effects of 

biotic and abiotic factors on the distribution 
and abundance of larval two-lined salaman-
ders (Eurycea bislineata) across spatial scales. 
Oecologia 133: 176–185. 

COMAR (Code of Maryland Regulations). 
2007a. 26.08.02.02: Designated Uses. Title 26: 
Maryland Department of the Environment. 
Subtitle 08: Water Pollution. Chapter 02: 
Water Quality. 

COMAR (Code of Maryland Regulations). 2007b. 
26.08.02.03-3: Water Quality Criteria Spe-
cific to Designated Uses. Title 26: Maryland 
Department of the Environment. Subtitle 08: 
Water Pollution. Chapter 02: Water Quality. 

COMAR (Code of Maryland Regulations). 2007c. 
26.08.02.08: Stream Segment Designa-
tions. Title 26: Maryland Department of the 
Environment. Subtitle 08: Water Pollution. 
Chapter 02: Water Quality. 

NPS ARD (National Park Service, Air Resources 
Division). 2010. Air quality in national parks: 
2009 annual performance and progress report. 
Natural Resource Report NPS/NRPC/ ARD/NRR—
2010/266. National Park Service, Denver, CO. 

Norris, M.E., J.M. Pieper, T.M. Watts, and A. 
Cattani. 2011. National Capital Region Network 
Inventory and Monitoring Program water 
chemistry and quantity monitoring protocol 
version 2.0: Water chemistry, nutrient dynamics, 
and surface water dynamics vital signs. Natural 
Resource Report NPS/NCRN/ NRR—2011/423. 
National Park Service, Fort Collins, CO. 

Table 4.14. Median results for pH at each site. 
Locations of monitoring sites are shown in 
Figure 4.17.

Site Median
CATO_BHCK 7.63

CATO_OWCK 7.52

CATO_WHST 7.64

CROW 7.69

FOXV 7.55

HEML 7.61

IKES 7.63

JOEB 7.55

OCCM 7.48

OCPC 7.54

PENL 7.65

WHST 7.64
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Figure 4.20. Annual 
median pH values from 
2000 to 2011 for 
12 stream sampling 
locations in CATO. 
Reference condition 
(6.5 ≤ pH ≤ 8.5) is 
shown in gray.

Figure 4.19. Attain-
ment of pH reference 
condition by site for 
CATO. Site medians 
were used for this 
analysis.
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Pieper, J., M. Norris, and T. Watts. 2012. 
National Capital Region Network FY 2010 
water resources monitoring data report. 
Natural Resources Data Series NPS/NCRN/
NRDS—2012/381. Natural Resources Program 
Center, Fort Collins, CO. 

Sadinski, W.J. and W.A. Dunson. 1992. A 
multilevel study of effects of low pH on 
amphibians of temporary ponds. Journal of 
Herpetology 26: 413–422. 
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4.2.3 Dissolved oxygen 

Description 
Dissolved oxygen (DO) concentration 
in water is often used as an indicator to 
gauge the overall health of the aquatic 
environment. It is needed to maintain 
suitable habitat for the survival and growth 
of fish and many other aquatic organisms 
(USGS 2013). Low DO is of great concern 
due to detrimental effects on aquatic life. 
Conditions that generally contribute to 
low DO levels include warm temperatures, 
low flows, water stagnation and shallow 
stream gradients, organic matter inputs, and 
high respiration rates. Decay of excessive 
organic debris in the water column from 
aquatic plants, municipal or industrial 
discharges, or storm runoff can also cause 
DO concentrations to be undersaturated 
or depleted. Insufficient DO can lead to 
unsuitable conditions for aquatic life and its 
absence can result in the unpleasant odors 
associated with anaerobic decomposition. 
Minimum required DO concentration to 
support fish varies because the oxygen 
requirements of fish vary with a number of 
factors, including the species and age of the 
fish, prior acclimatization, temperature, and 
concentration of other substances in the 
water. 

Brook trout (Salvelinus fontinalis) are 
Maryland’s only native salmonid species, 
and are found in the streams of CATO. 
Optimum oxygen levels for brook trout 
are not well documented but appear to 
be ≥ 7 mg/L at temperatures < 15 °C and 
≥ 9 mg/L at temperatures ≥ 15 °C (Raleigh 
1982). 

Data and methods 
The data analyzed were collected monthly 
between 2000 and 2011 at nine sites by 
CATO staff and monthly between 2000 
and 2011 at three sites by National Capital 
Region Network (NCRN) Inventory & 
Monitoring (I&M) staff (Norris and Pieper 
2010) (Figure 4.17, Table 4.10, Table A-2). 
NCRN followed the sampling protocol 
specified in Norris et al. 2011. 

A reference condition of ≤ 5.0 mg DO/L 
was used for this assessment, which is 
the Maryland criteria for Designated Use 

III-P: Nontidal Cold Water and Public 
Water Supply (COMAR 2007a, 2007b, 
2007c) (Table 4.11). Each data point was 
compared against the reference condition 
and assigned a pass or fail result. The 
percentage of passing results was used as 
the percent attainment and translated to a 
condition assessment (Table 4.12a). 

Condition and trend 
Condition of dissolved oxygen in CATO 
between 2000 and 2011 was very good, 
with a median DO of 9.8 mg/L and 99.4% 
of data points attaining the reference 
condition of ≥ 5.0 mg/L (Figures 4.21, 4.22, 
Tables 4.13, 4.15). Over the data range 
available, no significant trend was present 
(p-value > 0.01) (Figure 4.22). 

Sources of expertise 
James Pieper, Hydrologic Technician, National 

Capital Region Network Inventory & 
Monitoring Program, National Park Service. 

Literature cited 
COMAR (Code of Maryland Regulations). 

2007a. 26.08.02.02: Designated Uses. Title 26: 
Maryland Department of the Environment. 
Subtitle 08: Water Pollution. Chapter 02: 
Water Quality. 

COMAR (Code of Maryland Regulations). 2007b. 
26.08.02.03-3: Water Quality Criteria Specific 
to Designated Uses. Title 26: Maryland 
Department of the Environment. Subtitle 08: 
Water Pollution. Chapter 02: Water Quality. 

COMAR (Code of Maryland Regulations). 2007c. 
26.08.02.08: Stream Segment Designations. 
Title 26: Maryland Department of the 

Table 4.15. Median results for dissolved oxygen 
at each site. Locations of monitoring sites are 
shown in Figure 4.17.

Site Median
CATO_BHCK 9.68

CATO_OWCK 9.05

CATO_WHST 9.03

CROW 10.55

FOXV 9.40

HEML 10.38

IKES 9.78

JOEB 9.95

OCCM 10.10

OCPC 10.55

PENL 10.40

WHST 9.90
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Figure 4.22. Annual 
median dissolved 
oxygen concentrations 
(mg/L) from 2000 
to 2011 for 12 
stream sampling 
locations in CATO. 
Reference condition 
(DO ≥ 5.0 mg/L) is 
shown in gray.

Figure 4.21. 
Attainment of 
dissolved oxygen 
reference condition 
by site for CATO. Site 
medians were used for 
this analysis.
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4.2.4 Water temperature 

Description 
Aquatic organisms are dependent on cer-
tain temperature ranges for optimal health. 
Temperature affects many other parameters 
in water, including the amount of dissolved 
oxygen available, the types of plants and 
animals present, and the susceptibility 
of organisms to parasites, pollution, and 
disease (USGS 2013). Causes of tempera-
ture changes in the water include weather 
conditions, shade, and discharges into the 
water from urban sources or groundwater 
inflows. 

Summer stream temperature is the most 
important single factor influencing brook 
trout distribution and production (Creaser 
1930, MacCrimmon and Campbell 1969). 
Upper and lower temperature limits 
for adult brook trout vary according to 
acclimation differences that result from 
seasonal temperature cycles. The literature 
suggests that very brief exposure to water 
temperatures up to 22°C may be tolerated. 
However, populations are more stable 
and productive when water temperatures 
don’t exceed 19°C (Heft 2006). In addition, 
previous studies established that optimal 
brook trout spawning (which occurs in the 
fall) occurs near 6°C, spawning does not 
occur at 16°C, and that 75% of the viable 
eggs were spawned at temperatures 11.7°C 
or below (Hokanson et al. 1973).

Data and methods 
The data analyzed were collected monthly 
between 2000 and 2011 at nine sites 
by CATO staff and monthly between 
2005 and 2011 at three sites by National 
Capital Region Network (NCRN) 
Inventory & Monitoring (I&M) staff 
(Pieper et al. 2012) (Figure 4.17, Table 
4.10, Table A-2). NCRN followed the 
sampling protocol specified in Norris et 
al. 2011.  

A reference condition of ≤ 20°C tempera-
ture was used for this assessment, which is 
the Maryland criteria for Designated Use 
III-P: Nontidal Cold Water and Public Wa-
ter Supply (COMAR 2007a, 2007b, 2007c) 
(Table 4.11). Each data point was compared 
against the reference condition and as-
signed a pass or fail result. The percentage 
of passing results was used as the percent 
attainment and translated to a condition 
assessment (Table 4.12a). 

Condition and trend 
Condition of water temperature in CATO 
between 2000 and 2011 was very good, with 
a median temperature of 11°C and 98% of 
data points attaining the reference condi-
tion of ≤ 20°C (Figures 4.23, 4.24, Tables 
4.13, 4.16). Over the data range available, no 
significant trend was present for any season 
(p-value > 0.01) (Figure 4.24). 

However, a snapshot assessment of thermal 
suitability for brook trout reproduction of 

Table 4.16. Median results for water temperature by season at each site. Locations of monitoring sites are 
shown in Figure 4.17.

Site Winter Spring Summer Fall
CATO_BHCK 3.72 12.10 17.90 9.35

CATO_OWCK 3.90 12.08 17.60 9.60

CATO_WHST 4.50 11.95 19.00 9.90

CROW 1.65 10.85 19.14 9.45

FOXV 4.00 11.00 19.00 8.00

HEML 2.00 10.00 18.90 7.10

IKES 3.75 9.80 16.50 8.00

JOEB 4.00 12.00 17.00 9.00

OCCM 3.00 10.00 17.10 7.50

OCPC 2.00 10.00 18.00 7.10

PENL 3.85 12.00 18.00 9.00

WHST 3.00 11.00 19.00 8.75
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Figure 4.24. Seasonal 
median water tem-
perature values (°C) 
from 2000 to 2011 for 
12 stream sampling 
locations in CATO. 
Reference condition 
(temperature ≤ 20.0°C) 
is shown in gray.

Figure 4.23. At-
tainment of water 
temperature reference 
condition by site for 
CATO. Site medians 
were used for this 
analysis.
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10 stream locations within CATO in 2011 
showed that during the summer months, 
four of those sites fail the temperature 
threshold more than 50% of the time 
(Frederickson 2011) (Figure 4.25, Table 
4.17). The same study predicts that if air 
temperatures increase by 3.8°C (4.1°C in 
July and August), that only two of the 10 
sites would be thermally suitable for brook 
trout habitation. This has implications for 
the long-term sustainability of the trout 
populations (Frederickson 2011).

Sources of expertise 
James Pieper, Hydrologic Technician, National 

Capital Region Network Inventory & 
Monitoring Program, National Park Service. 

Literature cited 
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26.08.02.08: Stream Segment Designations. 
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Environment. Subtitle 08: Water Pollution. 
Chapter 02: Water Quality.
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hydrogen-ion concentration, temperature, 
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in Catoctin Mountain Park: Current and 
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fontinalis). Unpublished report by Shepherd 
University to NPS.
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ment of Natural Resources, Fisheries Service, 
Inaldn Fisheries Management Division. 
Accessed April 9, 2013. http://www.dnr.state.
md.us/fisheries/pdfs/MDBrookTrout006.pdf

Hokanson, K.E., J.H. McCormick, B.R. Jones, and 
J.H. Tucker. 1973. Thermal requirements for 
maturation, spawning, and embryo survival 
of the brook trout, Salvelinus fontinalis. 
Journal of the Fisheries Research Board of 
Canada 30: 975–984. 
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World distribution of brook trout, Salvelinus 
fontinalis. Journal of the Fisheries Research 
Board of Canada 26: 1699–1725.

Norris, M.E., J.M. Pieper, T.M. Watts, and A. 

Cattani. 2011. National Capital Region Network 
Inventory and Monitoring Program water 
chemistry and quantity monitoring protocol 
version 2.0: Water chemistry, nutrient dynamics, 
and surface water dynamics vital signs. Natural 
Resource Report NPS/NCRN/ NRR—2011/423. 
National Park Service, Fort Collins, CO. 

Pieper, J., M. Norris, and T. Watts. 2012. 
National Capital Region Network FY 2010 
water resources monitoring data report. 
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Center, Fort Collins, CO. 

USGS (United States Geological Survey). 2013. 
Temperature – water properties. USGS Water 
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Table 4.17. Median results for water temperature 
(°C) at 11 sites monitored continuously during the 
summer of 2011. Attainment refers to the percent 
of time that site attained the reference condition of 
≤ 20.0°C. Locations of monitoring sites are shown 
in Figure 4.25.

Site Median % 
attainment

AFPD 21.3 33.0

BFPD 19.5 59.7

DFNT 17.3 94.8

HEML 20.7 35.7

IKES 17.0 99.1

LZMR 22.1 24.1

OCEP 19.3 61.5

OCHW 20.3 46.0

PENL 19.7 61.7

WHST 19.7 57.7
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Figure 4.25. Site 
locations used for 
the thermal suitability 
study.
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4.2.5 Acid neutralizing capacity 

Description 
Acid neutralizing capacity (ANC) is the prime 
indicator of a waterbody’s susceptibility 
to acid inputs. ANC is a measure of the 
amount of carbonate and other compounds 
in the water that neutralize low (acidic) 
pH. Streams with higher ANC levels (better 
buffering capacity) are affected less by acid 
rain and other acid inputs than streams with 
lower ANC values (Welch et al. 1998). 

Data and methods 
The data analyzed were collected monthly 
at three sites between 2005 and 2011 by 
Inventory & Monitoring staff (Pieper et al. 
2012) (Figure 4.17, Table 4.10, Table A-2). 
NCRN followed the sampling protocol 
specified in Norris et al. 2011.   

The acid neutralizing capacity (ANC) 
threshold was developed by the Maryland 
Biological Stream Survey (MBSS) program 
after their first round of sampling (1995–
1997). The MBSS data were used to detect 
stream degradation so as to identify streams 
in need of restoration and to identify 
‘impaired waters’ candidates (Southerland et 
al. 2007). A total of 539 streams that received 
a fish or benthic index of biotic integrity 
(FIBI or BIBI) rating of poor (2) or very 
poor (1) were pooled and field observations 
and site-specific water chemistry data were 
used to determine stressors likely causing 
degradation. 

The resulting ANC threshold linked to 
degraded streams was values less than 200 
µeq/L, which was used as the threshold 
in this assessment (where 1 mg/L [1 ppm] 
CaCO3 = 20 µeq/L) (Southerland et al. 2007, 
Norris and Sanders 2009) (Table 4.11). A less 
conservative threshold of 50 µeq/L has also 
been suggested by some authors (Hendricks 
and Little 2003, Schindler 1988). Each data 
point was compared against the reference 
condition and assigned a pass or fail result. 
The percentage of passing results was used 
as the percent attainment and translated to a 
condition assessment (Table 4.12a). 

Condition and trend 
Condition of ANC in CATO between 2005 
and 2011 was very good, with a median 

ANC of 564 µeq/L and 100% of data 
points attaining the reference condition 
of ≥ 200 µeq/L (Figures 4.26, 4.27, Tables 
4.13, 4.18). Over the data range available, 
no significant trend was present (p-value > 
0.01) (Figure 4.27).  

Sources of expertise 
James Pieper, Hydrologic Technician, National 

Capital Region Network Inventory & 
Monitoring Program, National Park Service. 

Literature cited 
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exposure research laboratory. U.S. EPA (E243-
05). Accessed April 9, 2013. http://www.epa.gov/
reva/docs/final_stressor_threshold_table.pdf

Norris M.E. & G. Sanders. 2009. National Capital 
Region Network biological stream survey 
protocol: physical habitat, fish, and aquatic 
macroinvertebrate vital signs. Natural 
Resources Report NPS/NCRN/NRR—2009/116. 
National Park Service, Fort Collins, CO. 

Norris, M.E., J.M. Pieper, T.M. Watts, and 
A. Cattani. 2011. National Capital Region 
Network Inventory and Monitoring Program 
water chemistry and quantity monitoring 
protocol version 2.0: Water chemistry, 
nutrient dynamics, and surface water 
dynamics vital signs. Natural Resource Report 
NPS/NCRN/ NRR—2011/423. National Park 
Service, Fort Collins, CO. 

Pieper, J., M. Norris, and T. Watts. 2012. 
National Capital Region Network FY 2010 
water resources monitoring data report. 
Natural Resources Data Series NPS/NCRN/
NRDS—2012/381. Natural Resources Program 
Center, Fort Collins, CO. 

Schindler, D.W. 1988. Effects of acid rain on 
fresh water ecosystems. Science 239: 149–157. 

Southerland, M.T., G.M. Rogers, M.J. Kline, R.P. 
Morgan, D.M. Boward, P.F. Kazyak, R.J. Klauda, 
and S.A. Stranko. 2007. Improving  biological 
indicators to better assess the condition of 
streams. Ecological Indicators 7: 751–767. 

Welch, E.B., J.M. Jacoby, and C.W. May. 1998. 
Stream quality. In: Naiman R.J. and R.E. Bilby 
(eds). River ecology and management: lessons 
from the Pacific coastal ecoregion. Springer-
Verlag, New York, NY.

Table 4.18. Median results for acid neutralizing 
capacity at each site. Locations of monitoring 
sites are shown in Figure 4.17.

Site Median
CATO_BHCK 518

CATO_OWCK 590

CATO_WHST 618

http://www.epa.gov/reva/docs/final_stressor_threshold_table.pdf
http://www.epa.gov/reva/docs/final_stressor_threshold_table.pdf
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Figure 4.27. Median 
acid neutralizing 
capacity values (µeq/L) 
from 2005 to 2011 for 
three stream sampling 
locations in CATO. 
Reference condition 
(ANC ≥ 200 µeq/L) is 
shown in gray.

2008 2010

100

0

200

300

400

500

600

700

2005 2006 2007 2009 2011

Acid neutralizing capacity

A
ci

d
 n

e
u

tr
a
li

zi
n

g
 c

a
p

a
ci

ty
 (

µ
e
q

/L
)

Year

ANC threshold: ≥ 200 µeq/L

Figure 4.26. 
Attainment of acid 
neutralizing capacity 
reference condition 
by site for CATO. Site 
medians were used for 
this analysis.
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4.2.6 Specific conductance

Description 
Salinity is a measurement of the mass of 
dissolved salt in a given body of water. Sa-
linity is an important property of industrial 
and natural waters. Collectively, all sub-
stances in solution exert osmotic pressure 
on the organisms living in it, which in turn 
adapt to the condition imposed upon the 
water by its dissolved constituents. With 
excessive salts in solution, osmotic pres-
sure becomes so high that water may be 
drawn from gills and other delicate exter-
nal organs resulting in cell damage or death 
of the organism (USGS 1980, Stednick and 
Gilbert 1998, NPS 2002). 

Electrical conductivity is related to sa-
linity and is a measure of water’s ability 
to conduct electricity, and therefore a 
measure of the water’s ionic activity and 
content. The higher the concentration of 
ionic (dissolved) constituents, the higher 
the conductivity (Radtke et al. 1998). As 
conductivity changes with temperature, 
conductivity can be normalized to a tem-
perature of 25° C and reported as specific 
conductance to enable comparisons.

Common sources of pollution that can af-
fect specific conductance are deicing salts, 
dust-reducing compounds, agriculture 
(primarily from the liming of fields), and 
acid mine drainage associated with mining 
operations (USGS 1980, Stednick and Gil-
bert 1998, NPS 2002). Deicing compounds 
alone are significantly elevating the spe-
cific conductance of some streams in the 
northeast during winter periods (Kaushal 
et al. 2005, Allan and Castillo 2007). 

Data and methods 
The data analyzed were collected monthly 
between 2000 and 2011 at nine sites by 
CATO staff and monthly between 2005 
and 2009 at three sites by National Capi-
tal Region Network (NCRN) Inventory 
& Monitoring (I&M) staff (Pieper et al. 
2012) (Figure 4.17, Table 4.10, Table A-2). 
NCRN followed the sampling protocol 
specified in Norris et al. 2011. 

The reference condition for specific 
conductance was ≤ 171 μS/cm, above 

which conditions are said to be degraded 
(Morgan et al. 2007) (Table 4.11). Each data 
point was compared against the reference 
condition and assigned a pass or fail result. 
The percentage of passing results was used 
as the percent attainment and translated to 
a condition assessment (Table 4.12a). 

Condition and trend
Condition of specific conductance in CATO 
between 2000 and 2011 was very good, with 
a median conductance of 112 μS/cm and 
88% of data points attaining the reference 
condition of ≤ 171 μS/cm (Figures 4.28, 
4.29, Tables 4.13, 4.19). However, there was 
a significant degrading trend (increasing 
specific conductance) over all sites over the 
past decade (p-value < 0.01) (Figure 4.29). 

Sources of expertise 
Kate Foreman, Water Quality Analyst, 

Chesapeake Bay Program. 
James Pieper, Hydrologic Technician, National 

Capital Region Network Inventory & 
Monitoring Program, National Park Service. 

Literature cited 
Allan, J.D. and M.M. Castillo. 2007. Stream 

ecology: structure and function of running 
waters. Springer, Dordrecht, The Netherlands. 

Kaushal, S.S., P.M. Groffman, G.E. Likens, K.T. Belt, 
W.P. Stack, V.R. Kelly, L.E. Band, and G.T. Fisher. 
2005. Increased salinization of fresh water in 
the northeastern United States. Proceedings 
of the National Academy of Sciences of the 
United States of America 102: 13517. 

Morgan II, R.P., K.M. Kline, and S.F. Cushman. 
2007. Relationships among nutrients, 

Table 4.19. Median results for specific conduc-
tance at each site. Locations of monitoring sites 
are shown in Figure 4.17.

Site Median
CATO_BHCK 137

CATO_OWCK 148

CATO_WHST 104

CROW 128

FOXV 222

HEML 110

IKES 131

JOEB 100

OCCM 108

OCPC 128

PENL 100

WHST 80
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Figure 4.28. 
Attainment of specific 
conductance reference 
condition by site for 
CATO. Site medians 
were used for this 
analysis.
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Figure 4.29. Annual 
median specific 
conductance values 
(µS/cm) from 2000 to 
2011 for 12 stream 
sampling locations 
in CATO. Reference 
condition (specific 
conductance ≤ 171 
µS/cm) is shown in 
gray.Specific conductance threshold:
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chloride and biological indices in urban 
Maryland streams. Urban Ecosystems 10: 
153–166.

Norris, M.E., J.M. Pieper, T.M. Watts, and 
A. Cattani. 2011. National Capital Region 
Network Inventory and Monitoring Program 
water chemistry and quantity monitoring 
protocol version 2.0: Water chemistry, 
nutrient dynamics, and surface water 
dynamics vital signs. Natural Resource Report 
NPS/NCRN/ NRR—2011/423. National Park 
Service, Fort Collins, CO. 

Pieper, J., M. Norris, and T. Watts. 2012. 
National Capital Region Network FY 2010 
water resources monitoring data report. 
Natural Resources Data Series NPS/NCRN/
NRDS—2012/381. Natural Resources Program 
Center, Fort Collins, CO. 

NPS 2002. Draft recommendations for core 
water quality monitoring parameters 
and other key elements of the NPS Vital 
Signs Program water quality monitoring 
component, Freshwater Workgroup 
Subcommittee, June 14, 2002. National 
Park Service, Water Resources Division, Fort 
Collins, CO. 

Radtke, D.B., Davis, J.V., and Wilde, F.D, 1998, 
Specific electrical conductance. In: Wilde, 
F.D., and D.B. Radtke (eds.). 1998. Field 
measurements, in national field manual 
for the collection of water-quality data: 
U.S. Geological Survey Techniques of Water-
Resources Investigations, book 9, chap. A6.3, 
22 p. 

Stednick, J.D. and D.M. Gilbert. 1998. Water 
quality inventory protocol: riverine 
environments. NPS/NRWRD/NRTR—98/177, 
National Park Service, Servicewide Inventory 
and Monitoring Program, Fort Collins, CO. 

USGS (United States Geological Survey). 
1980. Surfacewater. National handbook 
of recommended methods for water-data 
acquisition. U.S. Geological Survey. 
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4.2.7 Nitrate 

Description 
Nitrate (NO3) is a form of nitrogen which 
aquatic plants can absorb and incorporate 
into proteins, amino acids, nucleic acids, and 
other essential molecules. Nitrate is highly 
mobile in surface and groundwater and 
may seep into streams, lakes, and estuaries 
from groundwater enriched by animal or 
human wastes, commercial fertilizers, and 
air pollution. High concentrations of nitrate 
can enhance the growth of algae and aquatic 
plants in a manner similar to enrichment in 
phosphorus and thus cause eutrophication 
of a water body. Nitrate is typically 
indicative of agricultural pollution. Nitrate 
in surface water may occur in dissolved or 
particulate form resulting from inorganic 
sources. The dissolved, inorganic forms of 
nitrogen are most available for biological 
uptake and chemical transformation. Nitrate 
also travels freely through soil and therefore 
may pollute groundwater (USGS 2013). 

Data and methods 
The data analyzed were collected monthly 
between 2005 and 2011 at three sites by 
National Capital Region Network (NCRN) 
Inventory & Monitoring (I&M) staff 
(Pieper et al. 2012) (Figure 4.17, Table 4.10, 
Table A-2). NCRN followed the sampling 
protocol specified in Norris et al. 2011. 

It should be noted that the current 
methodology for measuring nitrate has 
been in use since July 2007. During the 
month of July 2007, a different method was 
used after an equipment malfunction. A 
third method was utilized prior to July 2007 
(Norris and Pieper 2010).

The nitrate concentration threshold was 
developed by the Maryland Biological 
Stream Survey (MBSS) program after their 
first round of sampling as described for the 
ANC threshold. The MBSS determined that a 
nitrate concentration of 2 mg NO3/L (2 ppm) 
and above indicated stream degradation 
(Southerland et al. 2007, Norris and Sanders 
2009), so this was used as the reference 
condition in this assessment (Table 4.11). 
Each data point was compared against the 
reference condition and assigned a pass or fail 
result. The percentage of passing results was 

used as the percent attainment and translated 
to a condition assessment (Table 4.12a).

Condition and trend 
Condition of nitrate in CATO between 
2005 and 2011 was very good, with a me-
dian nitrate concentration of 1.0 mg/L and 
98% of data points attaining the reference 
condition of 2 mg/L (Figures 4.30, 4.31, 
Tables 4.13, 4.20). Over the data range 
available, no significant trend was present 
(p-value > 0.01) (Figure 4.30).  

Sources of expertise 
James Pieper, Hydrologic Technician, National 

Capital Region Network Inventory & Moni-
toring Program, National Park Service. 

Literature cited 
Norris, M.E. and J. Pieper. 2010. National 

Capital Region Network 2007–2008 water 
resources monitoring data report. Natu-
ral Resource Data Series NPS/NCR/NCRN/
NRDS—2010/105.

Norris M.E. & G. Sanders. 2009. National Capital 
Region Network biological stream survey 
protocol: physical habitat, fish, and aquatic 
macroinvertebrate vital signs. Natural Re-
sources Report NPS/NCRN/NRR—2009/116. 
National Park Service, Fort Collins, CO. 

Norris, M.E., J.M. Pieper, T.M. Watts, and A. Cat-
tani. 2011. National Capital Region Network 
Inventory and Monitoring Program water 
chemistry and quantity monitoring protocol 
version 2.0: Water chemistry, nutrient dynamics, 
and surface water dynamics vital signs. Natural 
Resource Report NPS/NCRN/ NRR—2011/423. 
National Park Service, Fort Collins, CO. 

Pieper, J., M. Norris, and T. Watts. 2012. National 
Capital Region Network FY 2010 water resourc-
es monitoring data report. Natural Resources 
Data Series NPS/NCRN/NRDS—2012/381. Natu-
ral Resources Program Center, Fort Collins, CO. 

Southerland, M.T., G.M. Rogers, M.J. Kline, R.P. 
Morgan, D.M. Boward, P.F. Kazyak, R.J. Klauda, 
and S.A. Stranko. 2007. Improving biological 
indicators to better assess the condition of 
streams. Ecological Indicators 7: 751–767. 

USGS (United States Geological Survey). 2013. 
Urbanization/water quality: Nitrogen. 
Accessed April 24, 2013. http://ga.water.usgs.
gov/edu/nitrogen.html

Table 4.20. Median results for nitrate at each 
site. Locations of monitoring sites are shown in 
Figure 4.17.

Site Median
CATO_BHCK 1.00

CATO_OWCK 1.20

CATO_WHST 0.80

http://ga.water.usgs.gov/edu/nitrogen.html
http://ga.water.usgs.gov/edu/nitrogen.html
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Figure 4.30. Attain-
ment of nitrate refer-
ence condition by site 
for CATO. Site medians 
were used for this 
analysis.
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Figure 4.31. Annual 
median nitrate con-
centrations (mg NO3 /L) 
from 2005 to 2011 for 
three stream sampling 
locations in CATO. Ref-
erence condition (NO3 
≤ 2.0 mg/L) is shown 
in gray.
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4.2.8 Total phosphorus 

Description 
Phosphorus is an essential nutrient for 
plants to live and is frequently the limiting 
nutrient for plant growth in aquatic 
systems. Consequently, a minor increase in 
phosphorus concentration can significantly 
affect water quality by stimulating algal 
growth, leading to eutrophication 
(Allan 1995). The most common form of 
phosphorus pollution is in the form of 
phosphate (PO4). Sources of phosphate 
pollution include sewage, septic tank 
leachate, fertilizer runoff, soil erosion, 
animal waste, and industrial discharge. 

Data and methods 
The data analyzed were collected monthly 
between 2000 and 2011 at three sites by 
National Capital Region Network (NCRN) 
Inventory & Monitoring (I&M) staff 
(Pieper et al. 2012) (Figure 4.17, Table 4.10, 
Table A-2). NCRN followed the sampling 
protocol specified in Norris et al. 2011. 

The total phosphorus threshold is based 
on the U.S. EPA Ecoregional Nutrient 
Criteria. These criteria were developed 
to prevent eutrophication nationwide 
and are not regulatory (U.S. EPA 2000). 
The criteria were developed as baselines 
for specific geographic regions known as 
Ecoregions, which are classified based on 
multiple geographic characteristics such 
as soils, climate, vegetation, geology, and 
land use—all of which affect the natural 
concentrations of nutrients found in 
streams. Reference sites in each Ecoregion 
were identified to calculate nutrient 
criteria. CATO is located in Ecoregion 
XI or the Central and Eastern Forested 
Uplands region (U.S. EPA 2000). The 
ecoregional reference condition value for 
total phosphorus is 0.010 mg P/L (10 ppb) 
(U.S. EPA 2000) (Table 4.11). Each data 
point was compared against the reference 
condition and assigned a pass or fail result. 
The percentage of passing results was used 
as the percent attainment and translated 
to a condition assessment (Table 4.12a).

Condition and trend 
Condition of total phosphorus in CATO 
between 2007 and 2011 was very poor, with 

a median total phosphorus concentration of 
0.08 mg/L and 0% of data points attaining 
the reference condition of 0.01 mg/L 
(Figures 4.32, 4.33, Tables 4.13, 4.21). Over 
the data range available, no significant 
trend was present (p-value > 0.01) (Figure 
4.33).  

Sources of expertise 
James Pieper, Hydrologic Technician, National 

Capital Region Network Inventory & 
Monitoring Program, National Park Service. 

Literature cited 
Allan, J. D. 1995. Stream ecology: structure and 

function of running waters. Chapman and 
Hall, New York, NY. 

Norris, M.E., J.M. Pieper, T.M. Watts, and 
A. Cattani. 2011. National Capital Region 
Network Inventory and Monitoring Program 
water chemistry and quantity monitoring 
protocol version 2.0: Water chemistry, 
nutrient dynamics, and surface water 
dynamics vital signs. Natural Resource Report 
NPS/NCRN/ NRR—2011/423. National Park 
Service, Fort Collins, CO. 

Pieper, J., M. Norris, and T. Watts. 2012. 
National Capital Region Network FY 2010 
water resources monitoring data report. 
Natural Resources Data Series NPS/NCRN/
NRDS—2012/381. Natural Resources Program 
Center, Fort Collins, CO. 

U.S. EPA. 2000. Ambient water quality criteria 
recommendations—rivers and streams in 
Nutrient Ecoregion XI. EPA 822-B-00-020. 
United States Environmental Protection 
Agency, Washington DC. 

Table 4.21. Median results for total phosphorus 
at each site. Locations of monitoring sites are 
shown in Figure 4.17.

Site Median
CATO_BHCK 0.06

CATO_OWCK 0.10

CATO_WHST 0.06
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Figure 4.32. Attain-
ment of total phospho-
rus reference condition 
by site for CATO. Site 
medians were used for 
this analysis.
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Figure 4.33. Annual 
median total phos-
phorus concentrations 
(mg P/L) from 2007 to 
2011 for three stream 
sampling locations in 
CATO. Reference con-
dition (TP ≤ 0.01 mg/L) 
is shown in gray.
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4.2.9 Stream macroinvertebrates 

Description 
The State of Maryland uses biological 
indicators of stream condition to assess 
status and trends in biological integrity 
for all 9,400 non-tidal stream miles in 
Maryland (Southerland et al. 2007). The 
Benthic Index of Biotic Integrity (BIBI) 
is one multi-metric index monitored by 
the Maryland Department of Natural 
Resources’ Maryland Biological Stream 
Survey (MBSS). BIBI is an indicator of the 
health of the benthic macroinvertebrate 
communities in a stream. 

Data and methods 
Data were collected at four sites between 
2006 and 2010 (Figure 4.18, Table 4.10). 
These sites were sampled as part of the effort 
to develop the National Capital Region 
Biological Stream Survey protocol (Norris 
and Sanders 2009). The protocol is based on 
the MBSS. Twenty-three standard operating 
procedures (SOPs) document the methods 
used to collected the relevant data. Reported 
data are for one BIBI assessment per site. 

The reference conditions are based on the 
MBSS interpretation of the BIBI. The BIBI 
scores range from 1 to 5 and are calculated 
by comparing the site’s benthic assemblage 
to the assemblage found at minimally 
impacted sites (Norris and Sanders 2009). A 
score of 3 indicates that a site is considered 
to be comparable to (i.e., not significantly 
different from) reference sites. A score 
greater than 3 indicates that a site is in 
better condition than the reference sites. 
Any sites with BIBIs less than 3 are in worse 
condition than reference sites (Southerland 
et al. 2007, Norris and Sanders 2009). BIBI 
values were ranked as follows: 1.0–1.9 
(very poor), 2.0–2.9 (poor), 3.0–3.9 (fair), 
4.0–5.0 (good), and these were the scale 
and categories used in this assessment 
(Southerland et al. 2007). 

The range of BIBI scores from 1 to 5 were 
scaled linearly from 0 to 100% attainment 
(Figure 4.34, Table 4.22). The median of 
all the data points was compared to these 
reference conditions and given a percent 
attainment  and converted to a condition 
assessment (Tables 4.11, 4.12b).

Condition and trend 
Current condition of benthic 
macroinvertebrates in CATO was good, 
with a median BIBI of 4.33 and 83% 
attainment of reference condition (Figure 
4.35, Tables 4.13, 4.23). 

No trend analysis was possible with the 
current data set. 

Sources of expertise 
James Pieper, Hydrologic Technician, National 

Capital Region Network Inventory & 
Monitoring Program, National Park Service. 

Literature cited 
Norris, M.E. & G. Sanders. 2009. National 

Capital Region Network biological stream 
survey protocol: physical habitat, fish, and 
aquatic macroinvertebrate vital signs. 
Natural Resource Report. NPS/NCRN/NRR—

Table 4.23. Benthic Index of Biotic Integrity (BIBI) results for CATO. 
Monitoring sites are shown in Figure 4.18.

Year Site Location BIBI
2006 CATO-201-N-2006 Hunting Creek 4.00

2010 MONO-133-N-2010 Owens Creek 4.33

2010 MONO-134-N-2010 Blue Blazes Creek 4.67

2010 MONO-230-N-2010 Big Hunting Creek 4.33

Table 4.22. Benthic Index of Biotic Integrity (BIBI) 
categories, percent attainment, and condition 
assessment.

BIBI range % 
attainment Condition

4.0–5.0 100% Good

3.0–3.9 scaled Fair

2.0–2.9 linearly Poor

1.0–1.9 0% Very poor
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Figure 4.34. 
Application of the 
percent attainment 
categories to the 
Benthic Index of 
Biotic Integrity (BIBI) 
categories. BIBI at 
CATO was 4.33 which 
equated to 83% 
attainment of the 
reference condition.
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Figure 4.35. Benthic 
Index of Biotic Integrity 
(BIBI) results by site for 
CATO. 

2009/116. National Park Service, Fort Collins, 
CO. 

Southerland, M.T., G.M. Rogers, M.J. Kline, R.P. 
Morgan, D.M. Boward, P.F. Kazyak, R.J. Klauda, 
and S.A. Stranko. 2007. Improving biological 
indicators to better assess the condition of 
streams. Ecological Indicators 7: 751–767.
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4.2.10 Physical habitat 

Description 
Physical habitat is an integral part of 
overall stream condition. Components of 
physical habitat include the diversity of 
flow conditions, the diversity and stability 
of substrates, the degree and extent of 
erosion, the amount of woody debris, 
and many other factors. These physical 
factors affect the biological potential of 
streams by providing the physical template 
upon which stream biological community 
structure is built (Paul et al. 2002). 

Data and methods 
Data for the Physical Habitat Index (PHI) 
were collected at four sites between 2006 
and 2010 (Figure 4.18, Table 4.10). NCRN 
followed the National Capital Region 
Biological Stream Survey protocol (Norris 
and Sanders 2009). Habitat assessments are 
determined based on data from numerous 
metrics such as riffle quality, stream 
bank stability, woody debris, quality of 
streambed substrates, shading, and many 
more. Sites are given scores for each of the 
applicable categories and then those scores 
are adjusted to a percentile scale (Norris 
and Sanders 2009). Reported data are for 
one PHI assessment per site. 

The PHI threshold was developed by the 
Maryland Biological Stream Survey (MBSS) 
program after initial sampling as described 
for the ANC threshold. The MBSS deter-
mined the scale for PHI values to be 0–50 
(severely degraded), 51–65 (degraded), 
66–80 (partially degraded), and 81–100 
(minimally degraded), and these were the 
scale and categories used in this assessment 
(Paul et al. 2002, Southerland et al. 2005). 
Each of the four PHI value categories were 
assigned a percent attainment range (Figure 
4.36, Table 4.24). 

The median of all the data points was com-
pared to these reference conditions and 
given a percent attainment  and converted 
to a condition assessment (Tables 4.11, 
4.12b).

Condition and trend 
Current condition of PHI in CATO was 
partially degraded, with a median PHI of 

66 which equated to 50% attainment of 
reference condition (Figure 4.37, Tables 
4.13, 4.25). 

No trend analysis was possible with the 
current data set. 

Sources of expertise 
James Pieper, Hydrologic Technician, National 

Capital Region Network Inventory & 
Monitoring Program, National Park Service. 

Literature cited 
Norris, M.E. & G. Sanders. 2009. National 

Capital Region Network biological stream 
survey protocol: physical habitat, fish, and 
aquatic macroinvertebrate vital signs. 
Natural Resource Report. NPS/NCRN/NRR—
2009/116. National Park Service, Fort Collins, 
CO. 

Paul, M.J., J.B. Stribling, R. Klauda, P. Kazyak, M. 
Southerland, and N. Roth. 2003. A Physical 
Habitat Index for freshwater wadeable 

Table 4.25. Physical Habitat Index (PHI) in CATO. Monitoring sites are shown 
in Figure 4.18.

Year Site Location PHI
2006 CATO-201-N-2006 Hunting Creek 67.00

2010 MONO-133-N-2010 Owens Creek 71.94

2010 MONO-134-N-2010 Blue Blazes Creek 48.07

2010 MONO-230-N-2010 Big Hunting Creek 64.84

Table 4.24. Physical Habitat Index (PHI) categories, percent attainment, and 
condition assessment.

PHI range % attainment Condition
81–100 75–100% Minimally degraded

66–80 50–75% Partially degraded

51–65 25–50% Degraded

0–50 0–25% Severely degraded
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Figure 4.36. 
Application of the 
percent attainment 
categories to the 
Physical Habitat Index 
(PHI) value categories. 
PHI at CATO was 66 
which equated to 
50% attainment of the 
reference condition.
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streams in Maryland. Report to the Maryland 
Department of Natural Resources, Annapolis, 
MD. 

Southerland, M.T., L.A Erb, G.M. Rogers and P.F. 
Kazyak. 2005. Maryland Biological Stream 
Survey 2000–2004. Volume 7: Statewide 
and tributary basin results. Prepared for 
Maryland Department of Natural Resources. 
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4.3 BIOLOGICAL INTEGRITY 

4.3.1 Biological integrity summary 

Seven metrics were used to assess biological 
integrity in CATO—exotic herbaceous 
species, exotic trees and saplings, forest pest 
species, native tree seedling regeneration, 
Fish Index of Biotic Integrity (FIBI), Bird 
Community Index (BCI), and deer density 
(Table 4.26). All data were collected by 
National Capital Region Network (NCRN) 
Inventory & Monitoring (I&M) staff except 
deer density which was collected by park 
staff. FIBI monitoring sites are shown in 
Figure 4.18, forest monitoring sites are 
shown in Figure 4.38, and bird monitoring 
sites are shown in Figure 4.39. 

Reference conditions were established for 
each metric (Table 4.27) and the data were 
compared to these reference conditions 
to obtain the percent attainment and 
converted to the condition assessment 
for that metric (Table 4.28). Single 

reference conditions were used for exotic 
plants, forest pests, native tree seedling 
regeneration, and deer density, while 
multiple reference conditions were used for 
FIBI and BCI (Tables 4.27, 4.28).

CATO had variable results for biological 
integrity. The park scored as very good 
condition for area of exotic trees and 
saplings (100% attainment), medium 
integrity for the BCI (56% attainment), 
moderate or fair condition for forest 
pests and FIBI (49% and 71% attainment, 
respectively), degraded condition for 
absence of exotic herbaceous species (35% 
attainment), and very degraded condition 
for the seedling stocking index and deer 
density (both 0% attainment) (Table 
4.29). This resulted in an overall biological 
integrity condition attainment of 44%, or 
moderate condition.

Literature cited 
Bates, S.E. 2009. National Capital Region Network 

2008 deer monitoring report. Natural Resource 
Technical Report NPS/NCRN/ NRTR—2009/275. 

Table 4.26. Ecological monitoring framework data for Biological Integrity provided by agencies and 
specific sources included in the assessment of CATO.

Metric Agency Reference/Source
Cover of exotic herbaceous species NCRN I&M Schmit et al. 2009, 2010

Area of exotic trees & saplings NCRN I&M Schmit et al. 2009, 2010

Presence of forest pest species NCRN I&M Schmit et al. 2009, 2010

Seedling stocking index NCRN I&M Schmit et al. 2009, 2010

Fish Index of Biotic Integrity NCRN I&M, MBSS Norris and Sanders 2009, MBSS

Bird Community Index NCRN I&M O’Connell et al. 1998

Deer density CATO Bates 2009, 2012

Table 4.27. Biological Integrity reference conditions for CATO.

Metric Reference 
condition/s Sites Samples Period

Presence of exotic herbaceous species (% of  
plots with exotic species)

0% (absence) 48 48 2006–2010

Area of exotic trees & saplings  
(% of basal area)

< 5% 49 85 2006–2010

Presence of forest pest species 
(% of trees infested)

< 1% 49 49 2006–2010

Seedling stocking index > 115 49 49 2007–2010

Fish Index of Biotic Integrity 1.0–1.9; 2.0–2.9; 
3.0–3.9; 4.0–5.0

4 4 2006–2010

Bird Community Index 20–40; 40.1–52; 
52.1–60; 60.1–100

45 45 2007–2011

Deer density (deer/km2)  < 8 Park 11 2001–2011
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National Park Service, Fort Collins, CO. 
Bates, S.E. 2012. National Capital Region 2011 

deer monitoring report. 
Norris, M.E. & G. Sanders. 2009. National 

Capital Region Network biological stream 
survey protocol: physical habitat, fish, and 
aquatic macroinvertebrate vital signs. 
Natural Resource Report. NPS/NCRN/NRR—
2009/116. National Park Service, Fort Collins, 
CO. 

O’Connell, T.J., L.E. Jackson, and R.P. Brooks. 
1998. A Bird Community Index of Biotic 
Integrity for the Mid-Atlantic Highlands. 
Environmental Monitoring and Assessment 
51: 145–156. 

Schmit, J.P., G. Sanders, M. Lehman, and 
T. Paradis. 2009. National Capital Region 
Network long-term forest monitoring 
protocol. Version 2.0. Natural Resource 
Report NPS/NCRN/ NRR—2009/113. National 
Park Service, Fort Collins, CO. 

Schmit, J.P., P. Campbell, and J. Parrish. 2010. 
National Capital Region Network 2009 
forest vegetation monitoring report. Natural 
Resource Data Series NPS/NCRN/NRDS— 
2010/043. National Park Service, Fort Collins, 
CO. 

Table 4.29. Summary of resource condition assessment of Biological Integrity in CATO.

Metric Result Reference 
condition

% 
attainment Condition Biological integrity 

condition
Presence of exotic herbaceous species  
(% of plots with exotic species)

65% 0% (absence) 35 Degraded

44%

Moderate

Area of exotic trees & saplings  
(% of basal area)

0% < 5% 100 Very good

Presence of forest pest species  
(% of trees infested)

5.3% < 1% 49 Moderate

Seedling stocking index 1.0 > 115 0 Very degraded

Fish Index of Biotic Integrity 3.8 1.0–1.9; 2.0–
2.9; 3.0–3.9; 
4.0–5.0

71 Fair

Bird Community Index 52.0 < 40; 40.1–52; 
52.1–60; > 60

50 Medium integrity

Deer density (deer/km2) 40 < 8 0 Very degraded

Table 4.28b. Categorical ranking of the reference condition attainment categories for the Fish Index of Biotic Integrity and the Bird 
Community Index.

Reference 
conditions

Attainment 
of reference 

condition

Natural 
resource 
condition

Reference 
conditions

Attainment 
of reference 

condition

Natural 
resource 
condition

Fish Index of Biotic Integrity (FIBI) Bird Community Index (BCI)

4.0–5.0 100% Good 60.1–77 75–100% (scaled) Highest integrity

3.0–3.9 scaled Fair 52.1–60 50–75% (scaled) High integrity

2.0–2.9 linearly Poor 40.1–52 25–50% (scaled) Medium integrity

1.0–1.9 0% Very poor 20.0–40 0–25% (scaled) Low integrity

Table 4.28a. Categorical ranking of reference 
condition attainment categories for exotic plants, 
forest pests, native tree seedling regeneration, and 
deer density.

Attainment 
of reference 

condition
Natural resource 

condition

80 –100% Very good

60– <80% Good

40– <60% Moderate

20– <40% Degraded

0– <20% Very degraded
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Figure 4.38. Forest 
monitoring sites and 
deer counting routes in 
CATO.
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Figure 4.39. Bird 
monitoring sites in 
CATO.
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4.3.2 Exotic herbaceous species 

Description 
Invasive exotic plants are non-native 
species that can reduce abundance and 
diversity of native plant communities 
(Vila et al. 2011). This can cause loss of 
forage and habitat for wildlife, reduced 
biodiversity, loss of forest productivity, 
changed groundwater levels, soil 
degradation, diminished recreational 
enjoyment, and economic harm (Mack et 
al. 2000). Although certain plant species 
were introduced in the United States for 
agriculture, erosion control (kudzu), or 
ornamental purposes (Japanese barberry, 
English ivy), many are now considered 
invasive threats. Exotic plant species, 
especially those that are invasive, are a 
widespread and growing threat in the 
National Capital Region. 

Exotic herbaceous plants make up the 
majority of exotic plant species found in 
the forests of the National Capital Region, 
including CATO, and so pose a serious 
problem to park management (Schmit 
et al. 2010). The most common exotic 
herbaceous species in CATO forests are 
garlic mustard (Alliaria petiolata), Japanese 
barberry (Berberis thunbergii), and Japanese 

stiltgrass (Microstegium vimineum) (Schmit 
and Campbell 2007, 2008, Schmit et al. 
2009a, 2010). Other exotic herbaceous 
species found in CATO include Japanese 
honeysuckle (Lonicera japonica), Oriental 
ladysthumb (Polygonum caespitosum), mile-
a-minute (Polygonum perfoliatum), and 
wineberry (Rubus phoenicolasius).

Data and methods 
Forest monitoring took place annually but 
not all plots were measured every year 
(Schmit et al. 2009b) (Figure 4.38, Table 
4.26). To minimize soil compaction and 
trampling of the understory, plots were 
sampled on a rotating panel design, with 
four panels. Each year one panel was 
sampled. Sampling took place from May 
through October, when foliage was fully 
developed. 

Each plot was assigned as having exotic 
herbaceous plants either present or absent. 
Each plot was then given a rating of either 
pass (no exotic herbaceous plants present) 
or fail (any exotic herbaceous plants 
present). The percentage of passing results 
was used as the percent attainment. 

The Organic Act that established the 
National Park Service in 1916 and the U.S. 

Table 4.30. Presence of exotic herbaceous plants. Site locations are shown in Figure 4.38.

Site Year Exotic 
plants Site Year Exotic 

plants Site Year Exotic 
plants

CATO-0003 2007 Present* CATO-0106 2009 Present* CATO-0271 2008 Present*

CATO-0004 2007 Present* CATO-0113 2009 Present* CATO-0275 2007 Present*

CATO-0016 2008 Present* CATO-0127 2009 Present* CATO-0280 2008 Present*

CATO-0035 2007 Absent CATO-0131 2009 Present* CATO-0294 2010 Present*

CATO-0037 2007 Present* CATO-0150 2008 Present* CATO-0302 2008 Present*

CATO-0043 2009 Present* CATO-0156 2009 Present* CATO-0303 2010 Present*

CATO-0049 2007 Present* CATO-0158 2007 Present* CATO-0311 2007 Absent

CATO-0062 2008 Present* CATO-0160 2008 Absent CATO-0313 2007 Absent

CATO-0084 2007 Absent CATO-0176 2007 Present* CATO-0316 2007 Absent

CATO-0086 2008 Present* CATO-0206 2007 Absent CATO-0330 2010 Absent

CATO-0092 2008 Present* CATO-0211 2007 Absent CATO-0331 2010 Absent

CATO-0094 2007 Present* CATO-0217 2009 Present* CATO-0333 2008 Present*

CATO-0098 2008 Present* CATO-0237 2007 Absent CATO-0346 2010 Absent

CATO-0100 2009 Present* CATO-0238 2008 Absent CATO-0347 2007 Absent

CATO-0101 2008 Present* CATO-0258 2008 Present* CATO-0359 2010 Absent

CATO-0104 2008 Present* CATO-0268 2008 Absent CATO-0365 2010 Absent

* Values outside of reference condition of having no exotic herbaceous plants present.
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Department of Interior NPS Management 
Policies (U.S. Dept of Interior 2006) 
mandates the conservation of natural 
resources (see Section 2.1.1—Enabling 
legislation). Because of the threat to the 
park posed by many exotic herbaceous 
plants, the threshold used for this 
assessment was that exotic herbaceous 
plants should be completely absent (Table 
4.27). Each plot was compared against 
the reference condition to determine the 
percent attainment and condition (Table 
4.28a). 

Condition and trend 
Current condition for cover of exotic 
herbaceous species in CATO was degraded, 

with 65% of plots containing at least one 
exotic herbaceous plant. Therefore, only 35% 
of plots attained the reference condition of 
having no exotic herbaceous plants (Figure 
4.40, Tables 4.29, 4.30). 

No trend analysis was possible with the 
current data set. 

Sources of expertise 
John Paul Schmit, Quantitative Ecologist, Center 

for Urban Ecology, National Park Service. 

Literature cited 
Mack, R.N., D. Simberloff, W.M. Lonsdale, H. 

Evans, M. Clout, and F.A. Bazzaz. 2002. Biotic 
invasions: causes, epidemiology, global 
consequences, and control. Ecological 
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Applications 10: 689–710. 
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4.3.3 Exotic trees & saplings 

Description 
Invasive exotic plants are non-native 
species that can reduce abundance and 
diversity of native plant communities 
(Vila et al. 2011). This can cause loss of 
forage and habitat for wildlife, reduced 
biodiversity, loss of forest productivity, 
changed groundwater levels, soil 
degradation, diminished recreational 
enjoyment, and economic harm (Mack et 
al. 2000). Exotic plant species, especially 
those that are invasive, are a widespread 
and growing threat in the National Capital 
Region. The most common exotic tree and 
shrub species in forests of CATO are tree 
of heaven (Ailanthus altissima) and sweet 
cherry (Prunus avium), as well as the shrub 
Japanese barberry (Berberis thunbergii) 

(Schmit and Campbell 2007, 2008, Schmit 
et al. 2009a, 2010). 

Data and methods 
Forest monitoring took place annually but 
not all plots were measured every year 
(Schmit et al. 2009b) (Figure 4.38, Table 4.26). 
To minimize soil compaction and trampling 
of the understory, plots were sampled on a 
rotating panel design, with four panels. Each 
year one panel was sampled. Sampling took 
place from May through October, when 
foliage was fully developed. 

The basal area of exotic trees and saplings in 
a plot was calculated as a percentage of total 
tree basal area. Results from each plot were 
assessed against the threshold and assigned a 
pass or fail result and the percentage of passing 
results was used as the percent attainment. 

Table 4.31. Percent basal area of exotic trees and saplings. Site locations are shown in Figure 4.38.

Site Year Exotic 
trees

Exotic 
saplings Site Year Exotic 

trees
Exotic 

saplings
CATO-0003 2007 0 0 CATO-0176 2007 0 0

CATO-0004 2007 0 CATO-0206 2007 0 0

CATO-0015 2009 0 0 CATO-0211 2007 0 0

CATO-0016 2008 1.7 0 CATO-0217 2009 0 0

CATO-0035 2007 0 CATO-0237 2007 0 0

CATO-0037 2007 0 CATO-0238 2008 0 0

CATO-0043 2009 0 0 CATO-0258 2008 0

CATO-0049 2007 2.3 0 CATO-0268 2008 0 0

CATO-0062 2008 0 0 CATO-0271 2008 0

CATO-0084 2007 0 0 CATO-0275 2007 0 0

CATO-0086 2008 0 0 CATO-0280 2008 1.6 0

CATO-0092 2008 0 0 CATO-0294 2010 0

CATO-0094 2007 0 0 CATO-0302 2008 0 0

CATO-0098 2008 0.5 0 CATO-0303 2010 0 0

CATO-0100 2009 0 CATO-0311 2007 0

CATO-0101 2008 0 0 CATO-0313 2007 0 0

CATO-0104 2008 0 0 CATO-0316 2007 0 0

CATO-0106 2009 0 0 CATO-0330 2010 0 0

CATO-0113 2009 0 0 CATO-0331 2010 0

CATO-0127 2009 0 CATO-0333 2008 0 0

CATO-0131 2009 0 CATO-0346 2010 0

CATO-0150 2008 0 0 CATO-0347 2007 0 0

CATO-0156 2009 0 CATO-0359 2010 0 0

CATO-0158 2007 0 0 CATO-0365 2010 0 0

CATO-0160 2008 0 0

* Values outside of reference condition of ≤ 5% cover. Blank cells indicate that there were no saplings present in the plot.
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The threshold used for this assessment 
was that the abundance of these invasive 
exotic plants should not exceed 5% of 
total basal area of trees and saplings (Table 
4.27). Because 100% eradication is not a 
realistic goal, the threshold is intended to 
suggest more than just simple presence of 
these exotic species but that the observed 
abundance has the potential to establish 
and spread, i.e., 5% basal area may be 
considered as the point where the exotic 
plants are becoming established rather 
than just present. The Organic Act that 
established the National Park Service in 
1916 and the U.S. Department of Interior 
NPS Management Policies (U.S. Dept of 
Interior 2006) mandates the conservation 

of natural resources (see Section 2.1.1—
Enabling legislation). This threshold is a 
guide to consider active management of an 
area by removal of these species. Each data 
point was compared against the reference 
condition to determine the percent 
attainment and condition (Table 4.28a). 

Condition and trend 
Condition for basal cover of exotic trees 
and saplings in CATO was very good, 
with a median of 0% of total basal area 
and 100% of plots attaining the reference 
condition of ≤ 5% of total basal area 
(Figure 4.41, Tables 4.29, 4.31). 

No trend analysis was possible with the 
current data set. 
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by site for CATO. 
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4.3.4 Forest pests 

Description 
Forests in CATO have historically been 
impacted by pests such as the gypsy moth 
(Lymantria dispar) and hemlock woolly 
adelgid (Adelges tsugae), and diseases 
such as the chestnut blight and dogwood 
anthracnose. 

The gypsy moth was accidentally 
introduced to North America in the late 
1860s and has spread widely, resulting in 
an estimated 160,000 km2 (62,500 mi2) of 
forest defoliation during the 1980s alone 
(Liebhold et al. 1994, Montgomery 1990). 
The gypsy moth larvae feed on the foliage 
of hundreds of species of plants in North 
America, but its most common hosts are 
oak (Quercus spp.)  and aspen (Populus 
spp.) trees (USDA Forest Service 2009a). 
Gypsy moth is one of the most serious 
threats to the forests of CATO (CATO 
2009). Defoliation caused by gypsy moth 
caterpillars stresses and weakens trees 
leaving them more susceptible to secondary 
infections and infestations and other 
cumulative impacts. These impacts, both 
directly and indirectly caused by the gypsy 
moth infestation, weaken and eventually 

kill some forest trees. This in turn has 
adverse effects on water quality, wildlife 
and habitat, rare plants, visitor use and 
experience, safety, the cultural landscape 
and the wildland fire fuel load at CATO. 
To suppress gypsy moth populations and 
provide foliage protection, suppression 
activities have been carried out in CATO, 
including application of microbial 
insecticide and gypsy moth virus products 
(CATO 2009). 

Hemlock woolly adelgid (HWA) is another 
insect pest first reported in the eastern 
United States in 1951 near Richmond, 
Virginia (USDA Forest Service 2009b). This 
aphid-like insect is originally from Asia 
and feeds on Eastern hemlock trees (Tsuga 
canadensis), which are often damaged 
and killed within a few years of becoming 
infested. HWA is responsible for the 
death of many hemlock trees at CATO. To 
suppress HWA populations, suppression 
activities have been carried out in CATO, 
including application of imidacloprid 
insecticides (L. Donaldson, pers.comm.).

Data and methods 
Forest monitoring took place annually but 
not all plots were measured every year 

Table 4.32. Percent of trees with evidence of forest pests. Site locations are shown in Figure 4.38.

Site Year % trees 
with pests Site Year % trees 

with pests Site Year % trees 
with pests

CATO-0003 2007 4.76* CATO-0106 2009 0.00 CATO-0271 2008 4.35*

CATO-0004 2007 0.00 CATO-0113 2009 16.67* CATO-0275 2007 14.29*

CATO-0015 2009 0.00 CATO-0127 2009 0.00 CATO-0280 2008 15.00*

CATO-0016 2008 0.00 CATO-0131 2009 0.00 CATO-0294 2010 14.29*

CATO-0035 2007 5.26* CATO-0150 2008 9.09* CATO-0302 2008 50.00*

CATO-0037 2007 0.00 CATO-0156 2009 0.00 CATO-0303 2010 0.00

CATO-0043 2009 0.00 CATO-0158 2007 10.34* CATO-0311 2007 58.82*

CATO-0049 2007 0.00 CATO-0160 2008 11.43* CATO-0313 2007 62.50*

CATO-0062 2008 0.00 CATO-0176 2007 0.00 CATO-0316 2007 69.57*

CATO-0084 2007 0.00 CATO-0206 2007 30.43* CATO-0330 2010 56.00*

CATO-0086 2008 16.00* CATO-0211 2007 16.13* CATO-0331 2010 66.67*

CATO-0092 2008 10.00* CATO-0217 2009 0.00 CATO-0333 2008 83.33*

CATO-0094 2007 0.00 CATO-0237 2007 40.91* CATO-0346 2010 0.00

CATO-0098 2008 4.00* CATO-0238 2008 67.74* CATO-0347 2007 25.00*

CATO-0100 2009 0.00 CATO-0258 2008 21.05* CATO-0359 2010 0.00

CATO-0101 2008 0.00 CATO-0268 2008 56.52* CATO-0365 2010 25.00*

CATO-0104 2008 0.00

* Values outside of reference condition of having no evidence of forest pests.

pers.comm
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(Schmit et al. 2009a) (Figure 4.38, Table 
4.26). To minimize soil compaction and 
trampling of the understory, plots were 
sampled on a rotating panel design, with 
four panels. Each year one panel was 
sampled. Sampling took place from May 
through October, when foliage was fully 
developed. 

The percentage of trees infested was 
calculated by dividing the number of 
trees afflicted by pests in each plot by the 
total number of trees in each plot. Results 
from each plot were assessed against the 
threshold and assigned a pass or fail result. 
The percentage of plots passing was used as 
the percent attainment.  

Due to the destructive nature and 
potential for forest damage from these 
pests, the threshold used was established 
as any observation of these pests (i.e., > 
0% of trees infested) being considered 
degraded (Table 4.27). Each data point was 
compared against the reference condition 
to determine the percent attainment and 
condition (Table 4.28a). 

Condition and trend 
Current condition for forest pests in CATO 
was moderate, with a median of 5.3% of 
trees infested and 49% of data points 
attaining the reference condition of having 
no signs of forest pest species (Figure 4.42, 
Tables 4.29, 4.32).
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Figure 4.42. Forest 
pest results by site for 
CATO. 
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Gypsy moth was found on various species 
of trees in all years, although the extent of 
infestation varied from year to year (Schmit 
and Campbell 2007, 2008, Schmit et al. 
2009b, 2010).

In 2006, plot CATO-294 had 13 hemlock 
trees, two with HWA recorded and no 
hemlock saplings. The next time this plot 
was monitored, in 2010, it had nine dead 
hemlock trees and the remaining four had 
HWA. In 2006, plot CATO-365 had 10 
hemlock trees—one with HWA—and 11 
saplings. When next monitored in 2010, 
this plot had six dead hemlock trees, four 
infested with HWA, and three of the 11 
hemlock saplings died (J.P. Schmit, pers. 
comm.). 

It is noted that neither the emerald ash 
borer (Agrilus planipennis) nor Asian long-
horned beetle (Anoplophora glabripennis)—
both of which have the potential to be 
serious pests in CATO—are present in 
CATO as of the writing of this assessment. 

No trend analysis was possible with the 
current data set. 

Sources of expertise 
John Paul Schmit, Quantitative Ecologist, Center 

for Urban Ecology, National Park Service. 
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4.3.5 Seedlings and  
forest regeneration 

Description 
Forests are the dominant natural vegetation 
in the parks of the National Capital Region 
Network. Many factors including dense 
white-tailed deer populations and fire sup-
pression in forested regions can alter forest 
stand development and reduce wildlife 
habitat by reducing or eliminating young 
tree seedlings, shrubs, and herbaceous 
plants (Tierson et al. 1966, Jordan 1967, 
Marquis 1981, Tilghman 1989, Horsely et al. 
2003, Côté et al. 2004, Nowacki and Abrams 
2008). In response to regeneration concerns, 
scientists at the U.S. Forest Service devel-
oped a measure, called the ‘stocking index,’ 
to determine if regeneration is sufficient 
(Marquis and Bjorkbom 1982). The index 
takes into account three different aspects of 
forest regeneration: the number of seedlings 
recorded, the size of the seedlings, and the 
geographic distribution of the seedlings.

Data and methods 
Forest monitoring took place annually but 
not all plots were measured every year 
(Schmit et al. 2009) (Figure 4.38, Table 4.26). 
To minimize soil compaction and trampling 
of the understory, plots were sampled on a 

rotating panel design, with four panels. Each 
year one panel was sampled. Sampling took 
place from May through October, when 
foliage was fully developed. At each plot, 
seedlings were counted and the height of 
each seedling was determined. Based on 
these measurements, each plot is given a 
score, with older/larger seedlings and saplings 
receiving a higher score than smaller plants. 
Seedlings were defined as trees less than 1 cm 
diameter at breast height and ≥ 15 cm height. 

The seedling stocking index reference 
condition used in this assessment was 115, 
above which a plot is considered to be 
adequately stocked at high densities of white-
tailed deer (Table 4.27). Each measurement 
was assessed against the reference condition 
and assigned a pass or fail result and the 
percentage of passing results was used as the 
percent attainment (Table 4.28a). 

Condition and trend 
Current condition for native tree seedling 
regeneration in CATO was very degraded, 
with a median index value of 1.0 and 0% of 
data points attaining the reference condition 
of > 115 (Figure 4.43, Tables 4.29, 4.33). 

No trend analysis was possible with the 
current data set. 

Table 4.33. Seedling stocking index values. Site locations are shown in Figure 4.38.

Site Year Index Site Year Index Site Year Index
CATO-0003 2007 0* CATO-0106 2009 5.25* CATO-0271 2008 39*

CATO-0004 2007 0* CATO-0113 2009 0* CATO-0275 2007 9*

CATO-0015 2009 0* CATO-0127 2009 0* CATO-0280 2008 8.5*

CATO-0016 2008 0* CATO-0131 2009 0* CATO-0294 2010 1*

CATO-0035 2007 3* CATO-0150 2008 4.25* CATO-0302 2008 0*

CATO-0037 2007 3* CATO-0156 2009 0* CATO-0303 2010 4.25*

CATO-0043 2009 1* CATO-0158 2007 0* CATO-0311 2007 5*

CATO-0049 2007 2* CATO-0160 2008 0* CATO-0313 2007 0*

CATO-0062 2008 0* CATO-0176 2007 7.25* CATO-0316 2007 5*

CATO-0084 2007 2* CATO-0206 2007 2* CATO-0330 2010 1*

CATO-0086 2008 0* CATO-0211 2007 7* CATO-0331 2010 0*

CATO-0092 2008 6* CATO-0217 2009 0* CATO-0333 2008 0*

CATO-0094 2007 1* CATO-0237 2007 1* CATO-0346 2010 0*

CATO-0098 2008 0* CATO-0238 2008 0* CATO-0347 2007 7*

CATO-0100 2009 1* CATO-0258 2008 0* CATO-0359 2010 0*

CATO-0101 2008 0* CATO-0268 2008 0* CATO-0365 2010 14.5*

CATO-0104 2008 12.5*

* Values outside of reference condition of > 115.
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Sources of expertise 
John Paul Schmit, Quantitative Ecologist, Center 
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Bioscience 58: 123–138. 

Schmit, J.P., G. Sanders, M. Lehman, and T. Para-
dis. 2009. National Capital Region Network 
long-term forest monitoring protocol. 
Version 2.0. Natural Resource Report NPS/
NCRN/ NRR—2009/113. National Park Service, 
Fort Collins, CO. 

CATO-0100

CATO-0237

CATO-0311

CATO-0238

CATO-0127

CATO-0302

CATO-0098

CATO-0217

CATO-0156

CATO-0094
CATO-0086

CATO-0113

CATO-0333

CATO-0176

CATO-0101

CATO-0268

CATO-0131

CATO-0043

CATO-0092

CATO-0016

CATO-0303
CATO-0313

CATO-0359

CATO-0347

CATO-0003

CATO-0206

CATO-0280

CATO-0316

CATO-0160

CATO-0294

CATO-0330

CATO-0037

CATO-0062

CATO-0150

CATO-0004

CATO-0346

CATO-0158

CATO-0275

CATO-0049

CATO-0331

CATO-0258

CATO-0084

CATO-0365

CATO-0271

CATO-0211

CATO-0035

CATO-0106CATO-0104

CATO-0015

1.0 mi

1.0 km
N

Seedling regeneration results
Achieves reference condition
Fails reference condition

Figure 4.43. Seedling 
regeneration results by 
site for CATO. 
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4.3.6 Stream fishes 

Description 
The Fish Index of Biotic Integrity (FIBI) 
was proposed as a way of providing a more 
informative measure of anthropogenic 
influence on fish communities and 
ecological integrity than measurements of 
physiochemical metrics alone (Karr 1981). 
The metric was then adapted and validated 
for streams of Maryland using a reference 
condition approach, based on 1994–1997 
data from a total of 1,098 sites. 

Data and methods 
Data were collected at four sites between 
2006 and 2010 (Figure 4.18, Table 4.26). 
NCRN followed the National Capital 
Region Biological Stream Survey protocol 
(Norris and Sanders 2009).Sites were 
classified based on physical and chemical 
data and fish assemblages were compared 
to identified reference sites. Reported data 
are for one FIBI assessment per site.

FIBI values were ranked as follows: 1.0–1.9 
(very poor), 2.0–2.9 (poor), 3.0–3.9 (fair), 
4.0–5.0 (good), and these were the scale 
and categories used in this assessment 
(Southerland et al. 2007). The range of 
FIBI scores from 1 to 5 were scaled linearly 
from 0 to 100% attainment (Figure 4.44, 
Table 4.34). The median of all the data 
points was compared to these reference 
conditions and given a percent attainment  
and converted to a condition assessment 
(Tables 4.27, 4.28b).

Condition and trend 
Current condition of FIBI in CATO was 
fair, with a median FIBI of 3.8 and 71% 
attainment of reference condition (Figure 
4.45, Tables 4.29, 4.35). 

No trend analysis was possible with the 
current data set. 

Sources of expertise 
Marian Norris, Water Resources Specialist, 

Inventory and Monitoring Program, National 
Capital Region Network, National Park 
Service. 

Literature cited 
Karr, J.R. 1981. Assessment of biotic integrity 

using fish communities. Fisheries 6 :21–27. 

Norris, M.E. & G. Sanders. 2009. National 
Capital Region Network biological stream 
survey protocol: physical habitat, fish, and 
aquatic macroinvertebrate vital signs. 
Natural Resource Report. NPS/NCRN/NRR—
2009/116. National Park Service, Fort Collins, 
CO. 

Southerland, M.T., G.M. Rogers, M.J. Kline, 
R.P. Morgan, D.M. Boward, P.F. Kazyak, R.J. 
Klauda, and S.A. Stranko. 2007. Improving 
biological indicators to better assess the 
condition of streams. Ecological Indicators 7: 
751–767. 

Table 4.35. Fish Index of Biotic Integrity (FIBI) in CATO. Monitoring sites are 
shown in Figure 4.18.

Year Site Location FIBI
2006 CATO-201-N-2006 Hunting Creek 3.67

2010 MONO-133-N-2010 Owens Creek 4.00

2010 MONO-134-N-2010 Blue Blazes Creek 1.00

2010 MONO-230-N-2010 Big Hunting Creek 4.00
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Figure 4.44. 
Application of the 
percent attainment 
categories to the Fish 
Index of Biotic Integrity 
(FIBI) value categories. 
FIBI at CATO was 3.88 
which equated to 
71% attainment of the 
reference condition.

Table 4.34. Fish Index of Biotic Integrity (FIBI) 
categories, percent attainment, and condition 
assessment.

FIBI range % 
attainment Condition

4.0–5.0 100% Good

3.0–3.9 scaled Fair

2.0–2.9 linearly Poor

1.0–1.9 0% Very poor
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4.3.7 Birds

Description 
Birds exhibit numerous characteristics 
that make them appropriate as ecological 
indicators. They are conspicuous com-
ponents of terrestrial ecosystems in the 
National Capital Region, they can integrate 
conditions across major habitat types, and 
many require specific habitat conditions 
(O’Connell et al. 1998). 

Modeled after previously developed 
Indices of Biotic Integrity (IBIs), the Bird 
Community Index (BCI) was developed 
as a multi-resource indicator of biotic 
integrity in the central Appalachians 
(O’Connell et al. 1998). 

Data and methods 
Data were collected at 45 forest sites 
between 2007 and 2011 (Figure 4.39, Table 
4.26). Point count data from each plot were 
used to assess the BCI using the O’Connell 
et al. (1998) scoring and guild assignments 
for the Appalachian bird conservation 
region (BCR) (Ladin and Shriver 2013). 
BCI scores were ranked as follows: highest 
integrity (60.1– 77.0), high integrity 
(52.1–60.0), medium integrity (40.1–52.0), 
and low integrity (20.0–40.0), and these 
were the scale and categories used in this 
assessment (O’Connell et al. 1998). 

Each of the four BCI value categories were 
assigned a percent attainment range (Figure 
4.46, Table 4.36). The median of all the data 
points was compared to these reference 
conditions and given a percent attainment  
and converted to a condition assessment 
(Tables 4.27, 4.28b).

Condition and trend 
The 2011 BCI of forest sites in CATO 
showed medium integrity, with a median 
of 52.0 and 50% attainment of reference 
condition (Figure 4.47, Tables 4.29, 4.37). 

Sources of expertise 
John Paul Schmit, Quantitative Ecologist, Center 

for Urban Ecology, National Park Service. 

Literature cited 
Ladin Z.S. and W.G. Shriver. 2013. Avian 

monitoring in the National Capital Region 
Network: Summary report 2007–2011. Natural 

Resource Technical Report. NPS/NCRN/NRTR—
2013/698. National Park Service. Fort Collins, 
CO. Published Report-2193341.

O’Connell, T.J., L.E. Jackson, and R.P. Brooks. 
1998. A Bird Community Index of Biotic 
Integrity for the Mid-Atlantic Highlands. 
Environmental Monitoring and Assessment 
51: 145–156. 
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Table 4.36. Bird Community Index (BCI) categories, percent attainment, and 
condition assessment.

BCI range % attainment Condition
60.1–77 75–100% Highest integrity

52.1–60 50–75% High integrity

40.1–52 25–50% Medium integrity

20.0–40 0–25% Low integrity

Figure 4.46. 
Application of the 
percent attainment 
categories to the Bird 
Community Index 
(BCI) value categories. 
BCI at CATO was 52 
which equated to 
50% attainment of the 
reference condition.
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Table 4.37. Median Bird Community Index (BCI) scores in CATO. Monitoring sites are shown in Figure 4.38.

Site Median Site Median Site Median
CATO-0003 50.0 CATO-0150 54.5 CATO-0294 55.0

CATO-0004 51.0 CATO-0153 51.5 CATO-0302 56.0

CATO-0016 47.0 CATO-0158 51.0 CATO-0303 52.5

CATO-0022 43.0 CATO-0160 50.0 CATO-0311 52.0

CATO-0035 49.5 CATO-0176 50.5 CATO-0313 48.0

CATO-0037 44.5 CATO-0206 50.5 CATO-0316 47.5

CATO-0049 48.0 CATO-0211 59.5 CATO-0323 52.5

CATO-0062 54.0 CATO-0237 53.5 CATO-0330 49.0

CATO-0084 51.0 CATO-0238 48.5 CATO-0331 48.0

CATO-0086 60.5 CATO-0242 50.5 CATO-0333 51.5

CATO-0092 53.5 CATO-0258 53.5 CATO-0342 49.0

CATO-0094 53.0 CATO-0268 52.5 CATO-0346 52.5

CATO-0098 45.0 CATO-0271 52.5 CATO-0347 52.0

CATO-0101 59.5 CATO-0275 52.0 CATO-0359 49.0

CATO-0104 57.0 CATO-0280 57.5 CATO-0365 51.5
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Figure 4.47. Bird 
Community Index (BCI) 
condition by site from 
2007 to 2011 in 45 
monitoring locations 
in CATO. Site medians 
were used for this 
analysis.
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Deer density threshold:
< 8 deer/km²
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Figure 4.48. An-
nual mean deer density 
(deer/km2) from 2001 
to 2011 in CATO. 
Reference condi-
tion (< 8 deer/km2) is 
shown in gray.

4.3.8 Deer density 

Description 
White-tailed deer (Odocoileus virginianus) 
are considered a significant stressor on 
forests of the National Capital Region. 
White-tailed deer densities throughout the 
eastern deciduous forest zone increased 
rapidly during the latter half of the 20th 
century and may now be at historically 
high levels. McCabe and McCabe (1997) 
estimate that pre-European deer densities 
in the eastern United States ranged between 
3.1 and 4.2 deer/km2 (8.0 and 10.9 deer/mi2) 
in optimal habitats. Today, examples of deer 
populations exceeding 20 deer/km2 (52 deer/
mi2) are commonplace (e.g., Knox 1997, 
Russell et al. 2001, Augustine and deCalesta 
2003, Rossel Jr. et al. 2005, Griggs et al. 2006, 
McDonald Jr. et al. 2007). 

The currently high population numbers 
for white-tailed deer regionally have been 
recognized since the 1980s as being of 
concern due to potentially large impacts upon 
regeneration of woody tree species as well as 
the occurrence and abundance of herbaceous 
species and consequent alterations to trophic 
interactions (Decalesta 1997, Waller and 
Alverson 1997, Côté et al. 2004). Besides 
directly impacting vegetative communities, 
deer overbrowsing can contribute to declines 
in breeding bird abundances by decreasing 
the structural diversity and density in the forest 
understory (McShea and Rappole 1997). 

Data and methods 
Deer population density was estimated 
annually between 2001 and 2011 using 

Program Distance counts (Bates 2006, 2009, 
2012) (Figure 4.38, Table 4.26). Annual 
population densities were assessed against 
the reference condition and assigned a pass 
or fail result and the percentage of passing 
results was used as the percent attainment. 

The forest threshold for white-tailed deer 
density (8.0 deer/km2 [21 deer/mi2]) is 
a well-established ecological threshold 
(Horsley et al. 2003) (Table 4.27). Species 
richness and abundance of herbs and shrubs 
are consistently reduced as deer densities 
approach 8.0/km2 (21 deer/mi2), although 
shown in some studies to change at densities 
as low as 3.7 deer/km2 (9.6 deer/mi2) 
(Decalesta 1997). One large manipulation 
study in central Massachusetts found deer 
densities of 10–17/km2 (26–44 deer/mi2) 
inhibited the regeneration of understory 
species, while densities of 3–6 deer/km2 (8–16 
deer/mi2) supported a diverse and abundant 
forest understory (Healy 1997). There are 
multiple sensitive species of songbirds 
that cannot be found in areas where 
deer grazing has removed the understory 
vegetation needed for nesting, foraging and 
protection. Even though songbird species 
vary in how sensitive they are to increases 
in deer populations, these changes generally 
occur at deer densities greater than 8 deer/
km2 (21 deer/mi2) (Decalesta 1997). Annual 
densities were compared against the 
reference condition to determine the percent 
attainment and condition (Table 4.28a). 

Condition and trend 
Current condition of deer population 
density in CATO was very degraded, 

8.0/km
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with 0% of years attaining the reference 
condition of < 8.0 deer/km2 (Figure 4.48, 
Tables 4.29, A-3). Population estimates 
for deer population for 2001–2011 all 
exceeded the reference condition of < 8 
deer/km2, with a median deer population 
of 40 deer/km2 for all years (Figure 4.48, 
Table A-3). 

The deer population decreased significantly 
in 2004 but has been relatively stable since 
then (Figure 4.48, Table A-3). However, 
CATO has begun actively managing their 
deer population, with the first organized 
deer cull occurring in 2010, in line with 
the preferred management alternative 
outlined in the Deer Management Plan 
(NPS 2008, L. Donaldson, pers. comm.). A 
2002 white-tailed deer herd health analysis 
indicated that the herd was near nutritional 
carrying capacity due to malnutrition/
parasitism syndrome and that reduction of 
the population was appropriate to address 
the density dependent health problem 
(Davidson 2002).

Sources of expertise 
Scott Bates, Wildlife Biologist, Center for Urban 

Ecology, National Park Service. 
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Augustine, D.J. and D. deCalesta. 2003. De-
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landscape structure. Ecoscience 10: 472–486. 

Bates S.E. 2006. National Capital Region Net-
work Inventory and Monitoring Program 
white-tailed deer density monitoring pro-
tocol version 1.1: distance and pellet-group 
surveys. 

Bates, S.E. 2009. National Capital Region Net-
work 2008 deer monitoring report. Natu-
ral Resource Technical Report NPS/NCRN/ 
NRTR—2009/275. National Park Service, Fort 
Collins, CO. 

Bates, S.E. 2012. National Capital Region 2011 
deer monitoring report. 

Côté, S.D., T.P. Rooney, J.P. Tremblay, C. Dussault, 
and D.M. Waller. 2004. Ecological impacts of 
deer overabundance. Annual Review of Ecol-
ogy, Evolution, and Systematics 35: 113–147. 

Davidson, W.R. 2002. Report on deer herd 
health check, October 21. College of Veteri-
nary Medicine, University of Georgia.

Decalesta, D.S. 1997. Deer ecosystem manage-
ment. In: McShea, W.J., H.B. Underwood, and 
J.H. Rappole (eds). The science of overabun-
dance: Deer ecology and population man-
agement. Springer, Netherlands. 

Griggs, J.A., J.H. Rock, C.R. Webster, and M.A. 
Jenkins. 2006. Vegetation legacy of a pro-
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H.B. Underwood, and J.H. Rappole (eds). 
The science of overabundance: Deer ecol-
ogy and population management. Springer, 
Netherlands.
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2003. White-tailed deer impact on the 
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hardwood forest. Ecological Applications 31: 
98–118. 
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derwood, and J.H. Rappole (eds). The science 
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4.4 LANDSCAPE DYNAMICS

4.4.1 Landscape dynamics summary 

Four metrics were used to assess landscape 
dynamics in CATO—forest interior area, 
forest cover, impervious surface, and road 
density (measured at two different scales) 
(Table 4.38). Data from the 2006 National 
Land Cover Database and the 2010 ESRI 
Streets layer were analyzed by National 
Capital Region Network (NCRN) Inven-
tory & Monitoring (I&M) staff (ESRI 2010, 
Fry et al. 2011, NPS 2010a, b). 

The two spatial scales used for the analyses 
were: 1) within the park boundary and 2) 
within the park boundary plus an area five 
times the total area of the park, evenly dis-
tributed as a ‘buffer’ around the entire park 
boundary. The purpose of this analysis was 
to assess the influence on ecosystem pro-
cesses of land use immediately surrounding 
the park. 

Reference conditions were established for 
each metric (Table 4.39) and the data were 
compared to these reference conditions to 
obtain the percent attainment and con-
verted to the condition assessment for that 
metric (Table 4.40). 

CATO scored as very good (81–100% 
attainment) for all landscape dynamics 
metrics except forest interior area at the 5x 
park area scale (69% attainment or good 
condition) and road density at the 5x park 
area scale (0% attainment or very degraded 
condition) (Table 4.41). This resulted in an 
overall landscape dynamics condition at-
tainment of 81%, or very good condition.

Literature cited 
ESRI 2010. ESRI Data and Maps – U.S. and 

Canada Detailed Streets, TeleAtlas 2005. 
Fry, J., G. Xian, S. Jin, J. Dewitz, C. Homer, L. 

Yang, C. Barnes, N. Herold, and J. Wickham. 
2011. Completion of the 2006 National Land 
Cover Database for the Conterminous United 
States, PE&RS, Vol. 77: 858–864. 

Table 4.39. Landscape Dynamics reference conditions for CATO.

Metric Reference condition Sites Samples Period
Forest interior area (within park) % of total potential for-

est area translates to % 
attainment

Park 1 2006

Forest interior area (within park + 5x 
buffer)

% of total potential for-
est area translates to % 
attainment

Park 1 2006

Forest cover (within park) > 59% Park 1 2006

Forest cover (within park + 5x buffer) > 59% Park 1 2006

Impervious surface (within park) < 10% Park 1 2006

Impervious surface (within park + 5x 
buffer)

< 10% Park 1 2006

Road density (within park + 5x buffer) < 1.5 km/km2 Park 1 2006

Road density (within park + 5x buffer) < 1.5 km/km2 Park 1 2006

Table 4.38. Ecological monitoring framework data for Landscape Dynamics provided by agencies and 
specific sources included in the assessment of CATO.

Metric Agency Reference/Source
Forest interior area (within park) NPS NPScape NPS 2010a

Forest interior area (within park + 5x buffer) NPS NPScape NPS 2010a

Forest cover (within park) NPS NPScape NPS 2010a

Forest cover (within park + 5x buffer) NPS NPScape NPS 2010a

Impervious surface (within park) NPS NPScape NPS 2010a

Impervious surface (within park + 5x buffer) NPS NPScape NPS 2010a

Road density (within park) NPS NPScape NPS 2010b

Road density (within park + 5x buffer) NPS NPScape NPS 2010b
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NPS 2010a. NPScape landcover measure – 
Phase 1 metrics processing SOP: Landcover 
area per category, natural vs. converted 
landcover, landcover change, and impervious 
surface metrics. Natural Resource Report. 
NPS/ NRPC/IMD/NRR—2010/252. Published 
Report-2165449. National Park Service, 
Natural Resource Program Center. Fort 
Collins, CO. 

NPS 2010b. NPScape roads measure – Phase 2 
road metrics processing SOP: Road density 
and distance from roads. National Park 
Service, Natural Resource Program Center. 
Fort Collins, CO. 

Table 4.40. Categorical ranking of reference condi-
tion attainment categories for Landscape Dynamics 
metrics.

Attainment 
of reference 

condition
Natural resource 

condition

80 –100% Very good

60– <80% Good

40– <60% Moderate

20– <40% Degraded

0– <20% Very degraded

Table 4.41. Summary of resource condition assessment of Landscape Dynamics in CATO.

Metric Result Reference condition % attainment Condition
Landscape 
dynamics 
condition

Forest interior area (within 
park)

81% % of total potential for-
est area translates to % 
attainment

81% Very good

81%

Very good

Forest interior area (within park 
+ 5x buffer)

69% % of total potential for-
est area translates to % 
attainment

69% Good

Forest cover (within park) 95% > 59% 100% Very good

Forest cover (within park + 5x 
buffer)

75% > 59% 100% Very good

Impervious surface (within 
park)

0.2% < 10% 100% Very good

Impervious surface (within park 
+ 5x buffer)

2.9% < 10% 100% Very good

Road density (within park) 1.1 km/km2 < 1.5 km/km2 100% Very good

Road density (within park + 5x 
buffer)

2.1 km/km2 < 1.5 km/km2 0% Very degraded
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4.4.2 Forest interior area 

Description 
Forest interior habitat functions as the 
highest quality breeding habitat for forest 
interior dwelling species (FIDS) of birds. 
When a forest becomes fragmented, areas 
that once functioned as interior breeding 
habitat are converted to edge habitat and 
are often associated with a significant re-
duction in the number of young birds that 
are fledged in a year (Jones et al. 2000). 

Higher rates of nest predation occur in for-
est edges. In addition, forest edges provide 
access to the interior for avian predators 
such as blue jays, crows, grackles and 
mammalian predators that include foxes, 
raccoons, squirrels, dogs, and cats. These 
predators eat eggs and young birds still in 
the nest. They tend to be abundant near 
areas of human habitation and can be detri-
mental to nesting success (Jones et al. 2000). 

Data and methods
Forest interior area as a percent of the park 
area (or buffered area) was calculated using 
the NPScape Phase 1 Landcover methods 
and script tools (NPS 2010) (Table 4.38) for 
forest morphology. The source data for this 
analysis was the 2006 National Land Cover 
Database (NLCD) (Fry et al. 2011) from 
which a Morphological Spatial Pattern 
Analysis (MSPA) dataset was generated us-
ing the GUIDOS software package (http://
forest.jrc.ec.europa.eu/download/software/
guidos) with the edge distance defined as 
90 m (3 pixels). The number of acres of 
forest interior or ‘core’ area was extracted 
from the MSPA dataset for the park and the 
buffered areas.

The threshold attainment was expressed 
as the number of acres of interior forest 
in the park as a percentage of the total 
potential acres of interior forest within 
the park (if the total forest area was one 
large circular patch). The data used in this 
assessment represent a one-off calculation 
at two scales: 1) within the park boundary 
and 2) within the park boundary plus an 
area five times the total area of the park, 
evenly distributed as a ‘buffer’ around 
the entire park boundary (Figure 4.49, 
Table 4.39). The purpose of this analysis 

was to assess the influence on ecosystem 
processes of land use immediately 
surrounding the park. The percentage of 
potential forest interior area translated 
directly to the percent attainment and 
condition assessment (Table 4.40). 

Interior forest was defined as mature 
forested land cover ≥ 100 m (330 ft) from 
non-forest land cover or from primary, sec-
ondary, or county roads (i.e., roads con-
sidered large enough to break the canopy) 
(Temple 1986). 

Condition and trend 
Forest interior area in CATO at the scale of 
the park and at the scale of the park plus 
the 5x buffer was 81% and 69%, respec-
tively (Figure 4.49, Tables 4.41, 4.42). This 
indicated very good condition at the scale 
of the park, and good condition at the 5x 
area scale. Note: forest interior area at an 
additional scale (park boundary plus a 30 
km buffer is also shown for reference in Ta-
ble 4.42 but was not included in the current 
assessment. 

No trend analysis was possible with the 
current data set. 

Sources of expertise 
Mark Lehman, GIS specialist, Inventory and 

Monitoring Program, National Capital Re-
gion Network, National Park Service. 

Literature cited 
Fry, J., G. Xian, S. Jin, J. Dewitz, C. Homer, L. 

Yang, C. Barnes, N. Herold, and J. Wickham. 
2011. Completion of the 2006 National Land 
Cover Database for the Conterminous United 
States, PE&RS, Vol. 77: 858–864. 

Jones, C., J. McCann, and S. McConville. 2000. A 
guide to the conservation of forest interior 
dwelling birds in the Chesapeake Bay Critical 
Area. Report to the Critical Area Commission 
for the Chesapeake and Atlantic Coastal Bays. 
Accessed April 9, 2013. http://www.dnr.state.
md.us/irc/docs/00009691.pdf 

NPS 2010a. NPScape landcover measure – Phase 
1 metrics processing SOP: Landcover area per 

Table 4.42. Forest interior area (%) in CATO.

Area Interior area (%)
Park 81

Park + 5x area 69

Park + 30 km 46

http://forest.jrc.ec.europa.eu/download/software/guidos
http://forest.jrc.ec.europa.eu/download/software/guidos
http://forest.jrc.ec.europa.eu/download/software/guidos
http://www.dnr.state.md.us/irc/docs/00009691.pdf
http://www.dnr.state.md.us/irc/docs/00009691.pdf
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Figure 4.49. Extent of 
forest interior area in 
and around CATO in 
2006. The 5x area buf-
fer is an area five times 
the total area of the 
park, evenly distributed 
as a ‘buffer’ around the 
entire park boundary.

Interior forest

Other forest

Non-forest

CATO boundary
5x park area buffer

1.0 mi
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N

Interior forest area

category, natural vs. converted landcover, 
landcover change, and impervious surface 
metrics. Natural Resource Report. NPS/
NRPC/IMD/NRR—2010/252. Published Re-
port-2165449. National Park Service, Natural 
Resource Program Center. Fort Collins, CO. 

NPS 2010b. NPScape landcover measure – Phase 
2 North American Landcover metrics pro-
cessing SOP: Landcover area per category 
and natural vs. converted landcover metrics. 
National Park Service, Natural Resource Pro-
gram Center. Fort Collins, CO. 

Temple, S.A. 1986. Predicting impacts of habitat 
fragmentation on forest birds: a comparison 
of two models. In: Verner, J., M.L. Morrison, 
and C.J. Ralph (eds). Wildlife 2000: modeling 
habitat relationships of terrestrial verte-
brates. University of Wisconsin Press, Madi-
son, WI. 
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4.4.3 Forest cover 

Description 
Forest is the dominant historical land use 
in the region surrounding CATO and is still 
the dominant land use within the park itself 
(Figure 2.3) (NPS 2008, NPS 2011). As in-
tact and connected forest provides habitat, 
wildlife corridors, and ecosystem services, 
forest cover was chosen as a Landscape 
Dynamics metric. 

Data and methods 
Forest cover as a percent of the park area 
(or buffered area) was calculated using the 
NPScape Phase 1 Landcover methods and 
script tools (NPS 2010) (Table 4.38). The 
source data for this analysis was the 2006 
National Land Cover Database (NLCD) 
(Fry et al. 2011). Three of the NLCD clas-
sifications were considered to be forested 
areas for this analysis: Deciduous Forest, 
Evergreen Forest, and Mixed Forest. 

Modeling studies have found that in eco-
logical systems, there is a ‘tipping point’ of 
forest cover below which a system becomes 
so fragmented that it no longer functions as 
a single system (Hargis et al. 1998). USGS 
digital land use data were used for forest 
cover in areas of North Carolina, West Vir-
ginia, and Alabama to determine the critical 
value of 59.28% (Gardner et al. 1987). For-
est was chosen as it is a dominant vegeta-
tion type within the region, providing major 
structure to faunal and floral communities. 

A forest cover threshold of > 59% was used 
in this assessment and the data used repre-
sent a one-off calculation at two scales: 1) 
within the park boundary and 2) within the 
park boundary plus an area five times the 
total area of the park, evenly distributed as 
a ‘buffer’ around the entire park boundary 
(Figure 4.50, Table 4.39). The purpose of 
this analysis was to assess the influence on 
ecosystem processes of land use immedi-
ately surrounding the park. The park was 
given a rating of either 100% or 0% attain-
ment based on the results of the one-off 
calculation.

Condition and trend 
Forest cover in CATO at the scale of the 
park and at the scale of the park plus the 

5x buffer was 95% and 75%, respectively. 
These both exceeded the reference condi-
tion of 59% forest cover, resulting in 100% 
attainment and very good condition at both 
scales (Figure 4.50, Tables 4.41, 4.43). Note: 
forest cover at an additional scale (park 
boundary plus a 30 km buffer is also shown 
in Table 4.43 for reference but was not 
included in the current assessment. 

No trend analysis was possible with the 
current data set. 

Sources of expertise 
Mark Lehman, GIS specialist, Inventory and 

Monitoring Program, National Capital Re-
gion Network, National Park Service. 

Literature cited 
Fry, J., G. Xian, S. Jin, J. Dewitz, C. Homer, L. 

Yang, C. Barnes, N. Herold, and J. Wickham. 
2011. Completion of the 2006 National Land 
Cover Database for the Conterminous United 
States, PE&RS, Vol. 77: 858–864. 

Gardner, R.H., B.T. Milne, M.G. Turner, and R.V. 
O’Neill. 1987. Neutral models for the analysis 
of broad-scale landscape pattern. Landscape 
Ecology 1: 19–28. 

Hargis, C.D., J.A. Bissonette, and J.L. David. 
1998. The behavior of landscape metrics com-
monly used in the study of habitat fragmen-
tation. Landscape Ecology 13: 167–186. 

NPS. 2008. Final white-tailed deer management 
plan, Environmental Impact Statement.

NPS 2010. NPScape landcover measure – Phase 
1 metrics processing SOP: Landcover area per 
category, natural vs. converted landcover, 
landcover change, and impervious surface 
metrics. Natural Resource Report. NPS/ 
NRPC/IMD/NRR—2010/252. Published Re-
port-2165449. National Park Service, Natural 
Resource Program Center. Fort Collins, CO. 

NPS. 2011. NPScape: monitoring landscape 
dynamics of US National Parks. Natural 
Resource Program Center, Inventory and 
Monitoring Division. Fort Collins, CO. Ac-
cessed April 9, 2013. http://science.nature.nps.
gov/im/monitor/npscape 

Table 4.43. Forest cover (%) in CATO.

Area Forest cover (%)
Park 95

Park + 5x area 75

Park + 30 km 31*

* Values outside of reference condition of > 59%.

http://science.nature.nps.gov/im/monitor/npscape
http://science.nature.nps.gov/im/monitor/npscape
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Figure 4.50. Extent of 
forest and non-forest 
landcover within and 
around CATO in 2006. 
The 5x area buffer is an 
area five times the total 
area of the park, evenly 
distributed as a ‘buffer’ 
around the entire park 
boundary.
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4.4.4 Impervious surface 

Description 
Impervious surface is a human impact 
on the landscape and directly correlates 
to land development (Conway 2007). It 
includes roads, parking lots, rooftops, and 
transport systems that decrease infiltration, 
water quality, and habitat while increasing 
runoff. 

Data and methods 
A single mean impervious surface percent-
age was calculated for the park (and buff-
ered areas) using ESRI zonal statistics on 
the 2006 National Land Cover Database 
impervious surface layer (NPS 2010a, b, 
Fry et al. 2011) (Table 4.38). 

Many ecosystem components such as wet-
lands, floral and faunal communities, and 
streambank structure show signs of impact 
and loss of biodiversity when impervious 
surface covers more than 10% of the land 
area (Arnold and Gibbons 1996, Lussier 
et al. 2008). A study of nine metropolitan 
areas in the United States demonstrated 
measurable effects of impervious surface 
on stream invertebrate assemblages at im-
pervious surface cover of 5% (Cuffney et al. 
2010). Percent urban land is correlated to 
impervious surface and can provide a good 
approximation of watershed degradation 
due to increases of impervious surface. 

An impervious surface threshold of < 10% 
was used in this assessment and the data 
used represent a one-off calculation at two 
scales: 1) within the park boundary and 2) 
within the park boundary plus an area five 
times the total area of the park, evenly dis-
tributed as a ‘buffer’ around the entire park 
boundary (Figure 4.51, Table 4.39). The 
purpose of this analysis was to assess the 
influence on ecosystem processes of land 
use immediately surrounding the park. The 
park was given a rating of either 100% or 
0% attainment based on the results of the 
one-off calculation.

Condition and trend 
Impervious surface in CATO at the scale of 
the park and at the scale of the park plus 
the 5x buffer was 0.2% and 2.9%, respec-
tively. These were both below the reference 

condition of 10% impervious surface, re-
sulting in 100% attainment and very good 
condition at both scales (Figure 4.51, Tables 
4.41, 4.44). Note: impervious surface at an 
additional scale (park boundary plus a 30 
km buffer) is also shown in Table 4.44 for 
reference but was not included in the cur-
rent assessment. 

Areas adjacent to the park with the highest 
cover of impervious surface include the 
towns of Thurmont and Highfield–Cas-
cade, MD, near the park’s southeastern and 
northwestern boundaries, respectively.

No trend analysis was possible with the 
current data set. 

Sources of expertise 
Mark Lehman, GIS specialist, Inventory and 

Monitoring Program, National Capital Re-
gion Network, National Park Service. 

Literature cited 
Arnold Jr, C.L. and C.J. Gibbons. 1996. Impervi-

ous surface coverage. Journal of the Ameri-
can Planning Association 62: 243–269. 

Conway, T.M. 2007. Impervious surface as an 
indicator of pH and specific conductance in 
the urbanizing coastal zone of New Jersey, 
USA. Journal of Environmental Management 
85: 308–316. 

Cuffney, T.F., R.A. Brightbill, J.T. May, and I.R. 
Waite. 2010. Responses of benthic macroin-
vertebraes to environmental changes associ-
ated with urbanization in nine metropolitan 
areas. Ecological Applications 20: 1384–1401. 

Fry, J., G. Xian, S. Jin, J. Dewitz, C. Homer, L. 
Yang, C. Barnes, N. Herold, and J. Wickham. 
2011. Completion of the 2006 National Land 
Cover Database for the Conterminous United 
States, PE&RS, Vol. 77: 858–864. 

Lussier, S.M., S.N. da Silva, M. Charpentier, J.F. 
Heltshe, S.M. Cormier, D.J. Klemm, M. Chintala, 
and S. Jayaraman. 2008. The influence of sub-
urban land use on habitat and biotic integrity 
of coastal Rhode Island streams. Environmental 
Monitoring and Assessment 139: 119–136. 

NPS 2010a. NPScape landcover measure – Phase 
1 metrics processing SOP: Landcover area per 

Table 4.44. Impervious surface (%) in CATO.

Area Impervious 
surface (%)

Park 0.2

Park + 5x area 2.9

Park + 30 km 3.8

* Values outside of reference condition of < 10%.
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category, natural vs. converted landcover, 
landcover change, and impervious surface 
metrics. Natural Resource Report. NPS/ 
NRPC/IMD/NRR—2010/252. Published Re-
port-2165449. National Park Service, Natural 
Resource Program Center. Fort Collins, CO. 

NPS 2010b. NPScape landcover measure – Phase 
2 North American Landcover metrics process-
ing SOP: Landcover area per category and 
natural vs. converted landcover metrics. 
National Park Service, Natural Resource Pro-
gram Center. Fort Collins, CO. 
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Figure 4.51. Percent 
impervious surface 
within and around 
CATO in 2006. The 5x 
area buffer is an area 
five times the total area 
of the park, evenly 
distributed as a ‘buffer’ 
around the entire park 
boundary.
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4.4.5 Road density 

Description 
Roads and other forest-dividing cuts such 
as utility corridors can act as barriers to 
wildlife movement and increase habitat 
fragmentation. High road density or the 
presence of a large roadway can decrease 
the quality of wildlife habitat by fragment-
ing it, and increases the risk of wildlife 
mortality by vehicle strike (Forman et al. 
1995). 

Data and methods 
Road density (km of road per square km) 
and distance from roads were calculated 
using the NPScape Phase 2 Road Metrics 
Processing SOP (NPS 2010) for the park 
and buffered areas (Table 4.38). The 2010 
ESRI Streets layer (ESRI 2010) was used as 
the source data.  All of the features in this 
layer were included in this analysis with the 
exception of ferry routes. 

Road densities higher than 1.5 km/
km2 have been shown to impact turtle 
populations, while densities higher than 
0.6 km/km2 can impact natural populations 
of large vertebrates (Forman et al. 1995, 
Gibbs and Shriver 2002, Steen and Gibbs 
2004). A road density threshold of < 1.5 km/
km2 was used in this assessment and data 
used in this assessment represent a one-off 
calculation at two scales: 1) within the park 
boundary and 2) within the park boundary 
plus an area five times the total area of the 
park, evenly distributed as a ‘buffer’ around 
the entire park boundary (Figure 4.52, Ta-
ble 4.39). The purpose of this analysis was 
to assess the influence on ecosystem pro-
cesses of land use immediately surrounding 
the park. The park was given a rating of 
either 100% or 0% attainment based on the 
results of the one-off calculation.

Condition and trend 
At the scale of the park, road density in 
CATO was 1.1 km/km2, which is less than 
the reference condition of 1.5 km/km2. This 
resulted in 100% attainment and very good 
condition (Figure 4.52, Tables 4.41, 4.45). 

However, when a buffer of five times the 
park area was added, road density in-
creased to 2.1 km/km2. This did not meet 

the reference condition, resulting in 0% 
attainment of reference condition and indi-
cating very degraded condition (Tables 4.41, 
4.45). Note: road density at an additional 
scale (park boundary plus a 30 km buffer is 
also shown in Table 4.45 for reference but 
was not included in the current assessment. 

No trend analysis was possible with the 
current data set. 

Sources of expertise 
Mark Lehman, GIS specialist, Inventory and 

Monitoring Program, National Capital Re-
gion Network, National Park Service. 

Literature cited 
ESRI 2010. ESRI Data and Maps – U.S. and 

Canada Detailed Streets, TeleAtlas 2005. 
Forman, R.T.T., D.S. Friedman, D. Fitzhenry, 

J.D. Martin, A.S. Chen, and L.E. Alexander. 
1995. Ecological effects of roads: Toward 
three summary indices and an overview for 
North America. In: Canters, K (ed). Habitat 
fragmentation and infrastructure. Minis-
try of Transport, Public Works and Water 
Management: Maastricht and The Hague, 
Netherlands. 

Gibbs, J.P. and W.G. Shriver. 2002. Estimating 
the effects of road mortality on turtle popu-
lations. Conservation Biology 16: 1647–1652.

NPS 2010. NPScape roads measure – Phase 2 
road metrics processing SOP: Road density 
and distance from roads. National Park Ser-
vice, Natural Resource Program Center. Fort 
Collins, CO.

Steen, D.A. and J.P. Gibbs. 2004. Effects of roads 
on the structure of freshwater turtle popula-
tions. Conservation Biology 18: 1143–1148.

Table 4.45. Road density (km/km2) in CATO.

Area Road density 
(km/km2)

Park 1.1

Park + 5x area 2.1*

Park + 30 km 2.5*

* Values outside of reference condition of < 1.5 km/km2.
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Figure 4.52. Road 
density within and 
around CATO in 2010. 
The 5x area buffer is an 
area five times the total 
area of the park, evenly 
distributed as a ‘buffer’ 
around the entire park 
boundary.
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5.1.1 Air quality

Air quality was in a very degraded condi-
tion, with 13% attainment of reference 
conditions (Tables 5.1, 5.2). Degraded air 
quality is a problem throughout the east-
ern United States, the causes of which are 

out of the park’s control. Specific impli-
cations to the habitats and species in the 
park are less well known (Tables 5.3, 5.4). 
Gaining a better understanding of how 
reduced air quality is impacting sensitive 
habitats and species within the park would 
help prioritize management efforts.

Despite mercury wet deposition data be-
ing available, there is no published refer-
ence condition for wet deposition. The 
only available reference condition for 
mercury is for fish tissue concentration—
a human health threshold. As fish tissue 
concentrations are not regularly moni-
tored, establishment of a wet deposition 
reference condition would give a better 
picture of the effect of mercury in the 
ecosystem.

5.1 PARK NATURAL  
RESOURCE CONDITION

Overall, natural resources in Catoctin 
Mountain Park were in a moderate condi-
tion, with 55% achievement of the refer-
ence conditions (Table 5.1).

Chapter 5: Discussion

Table 5.1. Natural resource condition assessment of CATO.

Vital Sign Reference condition 
attainment Current condition

Air Quality 13% Very degraded

Water Resources 80% Very good

Biological Integrity 44% Moderate

Landscape Dynamics 81% Very good

Catoctin Mountain Park 55% Moderate

Table 5.2. Summary of resource condition assess-
ment of Air Quality in CATO.

Metric Condition
Wet sulfur deposition Significant concern

Wet nitrogen deposition Significant concern

Ozone (ppb) Significant concern

Ozone (W126) Moderate

Visibility Significant concern

Particulate matter Moderate

Air Quality Very degraded

Table 5.3. Key findings, management implications, and recommended next steps for air quality in CATO.

Key findings Management implications Recommended next steps
•	 Air quality is very 

degraded
•	 Habitats and species in the park 

may be affected
•	 Monitor for local effects by 

maintaining the air quality 
monitoring station within the 
park and identifying sensitive 
species and habitats

•	 Identify top sources of air 
pollution

•	 Air quality is a regional 
problem

•	 Habitats and species in the park 
may be affected

•	 Support regional air quality 
initiatives such as Climate 
Friendly Parks (www.nps.gov/
climatefriendlyparks)

•	 Stay engaged with the wider 
community in terms of air quality 
education and activities

www.nps.gov/climatefriendlyparks
www.nps.gov/climatefriendlyparks
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Air quality is measured and interpolated on 
regional and national scales. Implementa-
tion of park-scale air quality monitoring 
would give better insights into park-level 
air quality condition and possible effects on 
park habitats and species.

Air quality is identified as an important re-
source/value for the park in its draft Foun-
dation Document (NPS 2012).

Climate change
The close connection between climate and 
air quality is reflected in the impacts of 
climate change on air pollution levels. In 
particular, the U.S. EPA has concluded that 
climate change could have the following 
impacts on national air quality levels (U.S. 
EPA 2009):

•	 produce 2–8 ppb increases in the sum-
mertime average ground-level ozone 
concentrations in many regions of the 
country;

•	 further exacerbate ozone concentrations 
on days when weather is already condu-
cive to high ozone concentrations;

•	 lengthen the ozone season; and
•	 produce both increases and decreases in 

particle pollution over different regions 
of the U.S.

Literature cited
NPS. 2012. Foundation Document—Catoctin 

Mountain Park, Maryland (draft). U.S. Depart-
ment of the Interior, National Park Service.

U.S. EPA. 2009. Assessment of the impacts of 
global change on regional U.S. air qual-
ity: a synthesis of climate change impacts 
on ground-level ozone. An Interim Report 
of the U.S. EPA Global Change Research 
Program. National Center for Environmental 
Assessment, Washington, DC; EPA/600/R-
07/094F. Available from the National Techni-

cal Information Service, Springfield, VA, and 
online at http://www.epa.gov/ncea

Table 5.4. Data gaps, justification, and research needs for air quality in CATO.

Data gaps Justification Research needs
•	 Ecological thresholds for 

mercury wet deposition
•	 Wet deposition is monitored but 

the only available guideline is for 
fish tissue concentration

•	 Relate fish tissue concentrations 
to wet deposition

•	 Park-scale air quality data •	 Need to implement park-specific 
management actions

•	 Use transport and deposition 
models

•	 Calibrate with roadside data 
within the park

•	 Effects of poor air quality 
on park habitats and 
species

•	 Need to implement park-specific 
management actions

•	 Investigate effects of poor air 
quality on sensitive habitats and 
species within the park

http://www.epa.gov/ncea
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5.1.2 Water resources

Water resources were in a very good condi-
tion overall, with 80% attainment of refer-
ence conditions (Tables 5.1, 5.5). The very 
good water quality is likely explained by 
the location of the water sources within the 
park boundaries. 

Total phosphorus was in a very degraded 
condition, which is similar to results 
found in parks throughout the region 
(Carruthers et al. 2009, Norris and Pieper 
2010, Thomas et al. 2011a, b, c). Specific 

conductance is currently in very good 
condition but is showing a general de-
grading trend, also in keeping with trends 
throughout the region (Table 5.6). The 
Physical Habitat Index is on the borderline 
of being classified as being in degraded 
condition, so more data about sensitive 
locations and which parts of the index are 
failing would be informative. Data gaps 
and research recommendations revolve 
around maintaining good water quality 
by identification of nutrient sources and 
sensitive organisms (Table 5.7).

Climate change
The cold temperatures of streams in Catoc-
tin Mountain Park support several species 
of trout. Water temperature increase is one 
of the most immediate threats from climate 
change, and this would result in the loss of 
trout from Catoctin’s streams (Frederick-
son 2011).

Literature cited
Carruthers, T., S. Carter, L.N. Florkowski, J. 

Runde, and W.C. Dennison. 2009. Rock Creek 
Park natural resource condition assessment. 
Natural Resource Report NPS/NCRN/NRR—
2009/109. National Park Service, Natural 
Resource Program Center. Fort Collins, CO.

Frederickson, S. 2011. Stream temperatures 
in Catoctin Mountain Park: Current and 
future suitability for brook trout (Salvelinus 

Table 5.6. Key findings, management implications, and recommended next steps for water resources in CATO.

Key findings Management implications Recommended next steps
•	 Very degraded condition 

for phosphorus
•	 Affects stream flora and fauna
•	 Reduces quality of visitor 

experience

•	 Continue riparian buffer 
establishment and minimize soil 
disturbance

•	 Upgrade sewer and water 
systems in the park

•	 Physical Habitat Index 
(PHI) is borderline 
degraded

•	 Affects stream flora and fauna
•	 Reduces quality of visitor 

experience

•	 Identify sensitive locations and 
unpack the Index to identify 
which measurements are 
showing degraded condition

•	 Specific conductance is 
showing a degrading 
trend

•	 Affects stream flora and fauna •	 Implement intensive monitoring 
to identify sources and patterns 
and then develop management 
alternatives

Table 5.7. Data gaps, justification, and research needs for water resources in CATO.

Data gaps Justification Research needs
•	 Origins of nitrogen and 

phosphorus pollution are 
uncertain

•	 Affects stream flora and fauna
•	 Reduces quality of visitor 

experience

•	 Identify sources of phosphorus

•	 Specific conductance is 
showing a degrading 
trend

•	 Affects stream flora and fauna •	 Identify conductance-sensitive 
organisms and locations for 
management initiatives

Table 5.5. Summary of resource condition assess-
ment of Water Resources in CATO.

Metric Condition
pH Very good

Dissolved oxygen Very good

Water temperature Very good

Acid neutralizing capacity Very good

Specific conductance Very good

Nitrate Very good

Total phosphorus Very degraded

Benthic Index of Biotic Integrity Good

Physical Habitat Index Partially degraded

Water Resources Very good
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fontinalis). Unpublished report by Shepherd 
University to NPS.

Norris, M. and J. Pieper. 2010. National Capi-
tal Region Network 2009 water resources 
monitoring report. Natural Resources Data 
Series. Natural Resources Program Center, 
Fort Collins, CO. 

Thomas, J.E., T. Carruthers, W.C. Dennison, M. 
Lehman, M. Nortrup, P. Campbell, E. Wen-
schhof, J. Calzarette, D. Cohen, L. Donaldson, 
and A. Landsman. 2011a. Antietam National 
Battlefield natural resource condition assess-
ment. Natural Resource Report NPS/NCRN/
NRR—2011/413. National Park Service, Natu-
ral Resource Stewardship and Science. Fort 
Collins, CO.

Thomas, J.E., T. Carruthers, W.C. Dennison, 
M. Lehman, M. Nortrup, P. Campbell, and 
B. Gorsira. 2011b. Manassas National Bat-
tlefield Park natural resource condition 
assessment. Natural Resource Report NPS/
NCRN/NRR—2011/414. National Park Service, 
Natural Resource Stewardship and Science. 
Fort Collins, CO.

Thomas, J.E., T. Carruthers, W.C. Dennison, M. 
Lehman, M. Nortrup, P. Campbell, and A. 
Banasik. 2011c. Monocacy National Bat-
tlefield natural resource condition assess-
ment. Natural Resource Report NPS/NCRN/
NRR—2011/415. National Park Service, Natu-
ral Resource Stewardship and Science. Fort 
Collins, CO.



121

Discussion

5.1.3 Biological integrity

Biological integrity was in a moderate condi-
tion overall, with 44% attainment of refer-
ence conditions (Tables 5.1, 5.8). Deer densi-
ty and the seedling stocking index were both 
in very degraded condition. Studies show a 
relationship between high deer density and 
poor forest regeneration (Horsley et al. 2003, 
Côté et al. 2004) and as such, deer manage-

ment should continue to be a top priority 
(Table 5.9). Other monitoring recommen-
dations include exotic species monitoring 
and education, and continuing to monitor 
pests and diseases (Table 5.9). Data gaps and 
research needs include developing a bird in-
dex for non-forest species and modeling the 
effects of climate change and other stressors 
on the region’s forests (Table 5.10).

Climate change
How climate change may affect the park’s 
resources and habitats should be an on-
going research focus, in particular how it 
might affect the introduction and spread of 
exotic species and forest pests and diseases.

Literature cited
Côté, S.D., T.P. Rooney, J.P. Tremblay, C. Dussault, 

and D.M. Waller. 2004. Ecological impacts of 
deer overabundance. Annual Review of Ecol-
ogy, Evolution, and Systematics 35: 113–147. 

Horsley, S.B., S.L. Stout, and D.S. deCalesta. 
2003. White-tailed deer impact on the veg-
etation dynamics of a northern hardwood 
forest. Ecological Applications 31: 98–118. 

Table 5.10. Data gaps, justification, and research needs for biological integrity in CATO.

Data gaps Justification Research needs
•	 Bird data is limited to 

forest species only
•	 Knowledge about usage of other 

habitats by birds is needed
•	 Development of indices related to 

bird use of other habitats (e.g., 
wetlands)

•	 Limited knowledge on 
how forests might change 
in light of new and future 
stressors (climate change, 
pests, and diseases)

•	 These stressors are already present 
or will be present in the near future

•	 Research and modeling into the 
effects of these stressors on the 
region’s forests

Table 5.9. Key findings, management implications, and recommended next steps for biological integrity in CATO.

Key findings Management implications Recommended next steps
•	 Deer overpopulation may be 

impacting forest regeneration and 
agriculture

•	 Increased herbivory reducing desired plant and 
bird species, and lowering yields in agricultural 
areas

•	 More road collisions
•	 Potential for spread of chronic wasting disease

•	 Continue implementing the deer 
management plan and deer population 
control measures

•	 Presence of exotic plants •	 Displacement of native species, reducing 
biodiversity

•	 Prioritize species and locations/habitats 
for implementing control measures

•	 Restore and maintain native species and 
communities

•	 Other exotic species (‘rock snot,’ 
Didymosphenia geminata)

•	 Can result in dense algal blooms that block 
sunlight and disrupt ecological processes, 
causing a decline in native plant and animal life

•	 Educate visitors on how to stop the 
spread of this species

•	 Forest pests were in moderate 
condition

•	 Hemlock woolly adelgid and gypsy moth are 
both present in the park

•	 Emerald ash borer has not been observed but 
are expected to be found in the park in the 
future

•	 Dead trees become fire and maintenance 
hazards and can pose a threat to the cultural 
resources and historic structures in the park

•	 Continue to monitor all forest pest 
species in the park and implement 
management actions

•	 Plan for the future forest with the 
absence of hemlock and ash trees

•	 Establish a seed bank of hemlock and 
ash seeds

Table 5.8. Summary of resource condition assess-
ment of Biological Integrity in CATO.

Metric Condition
Cover of exotic herbaceous 
species

Degraded

Area of exotic trees & saplings Very good

Presence of forest pest species Moderate

Seedling stocking index Very degraded

Fish Index of Biotic Integrity Fair

Bird Community Index Medium integrity

Deer density Very degraded

Biological Integrity Moderate
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5.1.4 Landscape dynamics 

Landscape dynamics were in a very good 
condition overall, with 81% attainment 
of reference conditions (Tables 5.1, 5.11). 
Forest interior area, forest cover, and 
impervious surface (at both spatial scales) 
were all in good or very good condition, 
as was road density within the park (Ta-
ble 5.12). This is due at least in part to 
the proximity of several protected areas—
Cunningham Falls State Park immediately 
to the south of Catoctin Mountain Park, 
South Mountain Park to the north-east, 
and Seymour B. Cooper Memorial Wild-
life Sanctuary to the east of the park. How-
ever, road density adjacent to the park was 

in very degraded condition, mostly due to 
the proximity of the towns of Thurmont to 
the south-east of the park and Cascade to 
the north of the park.

Climate change
Research needs for the park mostly relate 
to its function as a habitat corridor in the 
region (Table 5.13). Catoctin Mountain 
Park has conducted workshops to plan for 
different climate change scenarios (North 
Wind, Inc 2013). Even under a plausible 
climate future with the least change from 
existing climate conditions, impacts and 
implications to the park are substantial and 
include a dryer landscape, increased storms 
and wildfire, decrease in brook trout 
habitat, increase in floods and erosion, and 
less annual snowfall. How climate change 
may affect the park’s resources and habitats 
should be an ongoing research focus. 

Literature cited
North Wind, Inc. 2013. Catoctin Mountain Park 

Climate Change Scenario Planning Summary 
Report. Prepared for National Park Service, 
U.S. Department of the Interior, Natural 
Resource Stewardship and Science.

Table 5.13. Data gaps, justification, and research needs for landscape dynamics in CATO.

Data gaps Justification Research needs
•	 Implications of external 

land use changes on 
park resources

•	 Connectivity of ecological 
processes from park to watershed

•	 Landscape analysis at multiple 
scales

•	 Impacts of climate 
change on habitat 
connectivity

•	 The park acts as a habitat corridor 
through the region

•	 Modeling of the potential effects 
of climate change on habitats 
within the park and surrounding 
region

Table 5.12. Key findings, management implications, and recommended next steps for landscape dynamics in CATO.

Key findings Management implications Recommended next steps
•	 Forest interior area, forest cover, and 

impervious surface are in good to very 
good condition

•	 Supports wildlife and slows the flow of 
stormwater entering park streams

•	 Maintain quality of existing forest 
habitat by managing for exotic species 
and forest pests

•	 Road density is very good inside the 
park but very degraded adjacent to the 
park

•	 Road density outside the park may 
increase surface runoff/stormwater 
entering the park, and may increase 
wildlife mortality

•	 Continue to maintain pervious surfaces 
within the park and consider installing 
stormwater retention basins in areas of 
high stormwater input

Table 5.11. Summary of resource condition as-
sessment of Landscape Dynamics in CATO.

Metric Condition
Forest interior area (within park) Very good

Forest interior area (within park 
+ 5x buffer)

Good

Forest cover (within park) Very good

Forest cover (within park + 5x 
buffer)

Very good

Impervious surface (within park) Very good

Impervious surface (within park + 
5x buffer)

Very good

Road density (within park) Very good

Road density (within park + 5x 
buffer)

Very degraded

Landscape Dynamics Very good
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Table A-1. Particulate matter (μg PM2.5/m3). Site 
locations are shown in Figure 4.1 and reference 
conditions are shown in Table 4.3.

Site Years 3-year 
mean

240430009 2000–2002 14.8

2001–2003 14.0

2002–2004 14.1

2003–2005 14.1

2004–2006 13.8

2005–2007 13.2

2006–2008 12.2

2007–2009 11.5

2008–2010 11.0

2009–2011 10.9

420010001 2000–2002 13.3

2001–2003 13.5

2002–2004 13.4

2003–2005 13.6

2004–2006 13.0

2005–2007 12.6

2006–2008 11.9

2007–2009 11.6

2008–2010 11.4

2009–2011 11.7

Overall median 13.1
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Site Date pH DO Temp ANC Cond. NO3 TP
I&M data

CATO_BHCK 6/20/05 7.53 10.11 14.22 366 115.80 0.7

CATO_BHCK 10/6/05 7.53 8.05 17.32 380 145.10 1.1

CATO_BHCK 11/8/05 7.10 7.27 10.40 540 140.65 0.4

CATO_BHCK 12/12/05 7.09 5.70 2.85 1313.00 0.4

CATO_BHCK 1/23/06 6.71 12.37 4.40 376 100.63 0.6

CATO_BHCK 2/23/06 6.98 10.97 4.20 280 86.00 0.7

CATO_BHCK 3/21/06 7.76 8.59 4.60 290 108.90 0.6

CATO_BHCK 4/10/06 7.33 2.69 7.50 418 117.70 0.4

CATO_BHCK 5/16/06 7.69 3.32 14.30 426 116.50 0.9

CATO_BHCK 6/26/06 7.67 7.80 21.70 468 122.80 0.6

CATO_BHCK 7/24/06 7.55 7.11 16.80 518 114.20 1.1

CATO_BHCK 8/15/06 6.97 7.06 18.80 524 107.60 1.0

CATO_BHCK 9/13/06 7.38 7.77 16.70 802 107.00 0.9

CATO_BHCK 10/16/06 7.72 9.72 9.00 560 130.30 0.7

CATO_BHCK 11/30/06 7.81 9.41 9.35 394 117.70 0.9

CATO_BHCK 1/4/07 7.46 11.10 5.80 366 109.97 0.5 0.1794

CATO_BHCK 1/31/07 12.61 0.20 342 107.86 1.7 0.1892

CATO_BHCK 3/6/07 7.36 11.67 2.65 376 123.13 1.4 0.0653

CATO_BHCK 4/3/07 7.16 9.66 8.40 302 132.45 0.8 0.0228

CATO_BHCK 5/23/07 7.39 7.68 12.87 464 119.23 1.2 0.0587

CATO_BHCK 6/28/07 6.79 8.26 17.40 518 123.80 0.5 0.0750

CATO_BHCK 7/26/07 7.27 8.66 18.00 564 133.80 0.5 0.0457

CATO_BHCK 8/27/07 7.48 7.47 18.60 710 140.30 0.6 0.0685

CATO_BHCK 9/27/07 7.03 6.94 18.80 718 128.50 1.4 0.0620

CATO_BHCK 10/22/07 6.79 7.42 14.10 522 150.90 1.3 0.0750

CATO_BHCK 11/20/07 7.53 8.40 6.50 696 158.00 1.4 0.0783

CATO_BHCK 12/18/07 7.66 11.02 0.80 538 117.43 1.5 0.0750

CATO_BHCK 1/28/08 7.00 9.70 2.57 548 171.15 1.7 0.0881

CATO_BHCK 2/25/08 7.00 12.17 3.72 440 188.28 1.4 0.0848

CATO_BHCK 3/24/08 7.61 12.14 6.55 420 153.25 1.4 0.0881

CATO_BHCK 4/24/08 7.54 10.93 12.10 418 126.48 1.3 0.0489

CATO_BHCK 5/14/08 7.48 9.84 12.02 420 111.58 1.5 0.0392

CATO_BHCK 6/24/08 7.64 8.68 14.93 420 129.25 0.8 0.0457

CATO_BHCK 7/29/08 7.63 7.50 16.78 550 134.30 1.0 0.0392

CATO_BHCK 8/25/08 7.63 6.12 17.92 570 138.25 1.0 0.0359

CATO_BHCK 9/22/08 7.43 7.67 17.70 614 148.47 0.7 0.0392

CATO_BHCK 10/21/08 7.75 9.21 12.47 586 151.05 0.7 0.0424

CATO_BHCK 11/18/08 7.62 10.22 4.70 604 154.50 0.6

CATO_BHCK 2/3/09 7.94 17.61 2.95 438 156.10 1.5 0.0196

CATO_BHCK 3/31/09 7.57 10.68 6.93 456 169.60 1.2 0.0392

CATO_BHCK 5/14/09 7.64 10.27 12.80 472 126.27 1.1 0.0489

CATO_BHCK 6/10/09 7.65 8.47 18.10 516 135.03 1.4 0.0457

CATO_BHCK 7/7/09 7.79 9.75 17.15 570 124.75 0.8 0.0620

Table A-2. Water quality data. Site locations are shown in Figure 4.17 and reference conditions are shown in Table 4.11.
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Site Date pH DO Temp ANC Cond. NO3 TP
CATO_BHCK 7/21/09 7.84 9.90 16.60 564 134.47 0.7 0.0522

CATO_BHCK 8/17/09 7.79 8.50 18.87 632 141.37 1.3 0.0489

CATO_BHCK 9/15/09 7.88 8.65 17.45 560 147.15 0.9 0.0620

CATO_BHCK 10/13/09 7.84 10.03 11.50 690 153.50 0.9

CATO_BHCK 11/10/09 7.79 10.30 11.10 696 151.05 0.9 0.0392

CATO_BHCK 12/8/09 7.79 12.30 6.10 524 138.67 0.6 0.0489

CATO_BHCK 1/12/10 7.78 13.63 2.40 358 120.57 0.9 0.0326

CATO_BHCK 3/9/10 7.67 13.17 4.13 410 179.50 0.7 0.1207

CATO_BHCK 4/6/10 7.73 10.97 10.83 430 132.40 1.6 0.1762

CATO_BHCK 5/4/10 7.78 9.10 16.13 500 145.40 1.2 0.1566

CATO_BHCK 6/8/10 7.59 9.80 13.83 588 138.53 1.6 0.0979

CATO_BHCK 7/13/10 7.77 8.10 17.97 428 144.63 1.5 0.0489

CATO_BHCK 8/9/10 7.84 8.15 18.85 656 146.40 1.4 0.0555

CATO_BHCK 9/15/10 7.85 9.03 15.80 712 157.00 1.9 0.2055

CATO_BHCK 10/13/10 7.89 8.07 14.22 756 138.93 1.8 0.1664

CATO_BHCK 11/8/10 7.70 10.87 7.30 648 158.10 0.7 0.1240

CATO_BHCK 12/6/10 7.66 12.43 3.77 444 136.40 1.6 0.2610

CATO_BHCK 1/5/11 8.26 13.00 9.90 558 137.40 1.5 0.1697

CATO_BHCK 2/7/11 7.78 13.95 2.70 480 248.30 0.5 0.1403

CATO_BHCK 3/9/11 7.37 12.45 4.90 324 167.55 1.0 0.0979

CATO_BHCK 4/4/11 7.57 11.37 7.30 376 140.00 0.8 0.1175

CATO_BHCK 5/2/11 7.68 9.90 13.30 420 120.50 1.0 0.1468

CATO_BHCK 6/6/11 7.56 9.70 14.00 446 124.35 0.9 0.0359

CATO_BHCK 7/11/11 7.79 8.07 18.73 604 115.23 1.0 0.0392

CATO_BHCK 8/8/11 7.76 7.85 20.30 658 146.50 1.3 0.0555

CATO_BHCK 9/13/11 7.72 8.40 17.90 738 162.70 0.8 0.1566

CATO_BHCK 10/11/11 7.54 8.95 14.80 668 156.90 1.0 0.0424

CATO_BHCK 11/8/11 7.51 10.75 9.30 578 156.40 0.8 0.1272

CATO_BHCK 12/6/11 7.48 10.30 8.80 490 122.65 1.3 0.1794

CATO_OWCK 6/20/05 7.57 9.65 14.65 604 133.87 0.9

CATO_OWCK 10/6/05 7.22 5.89 15.40 548 170.60 1.2

CATO_OWCK 11/8/05 7.73 7.25 10.30 720 169.00 0.1

CATO_OWCK 12/12/05 7.54 11.37 2.35 153.90 0.8

CATO_OWCK 1/23/06 6.83 11.79 4.40 338 129.67 0.9

CATO_OWCK 2/23/06 7.17 8.97 4.00 336 122.40 1.3

CATO_OWCK 3/21/06 7.48 8.44 3.02 490 122.87 1.0

CATO_OWCK 4/10/06 7.52 2.94 7.13 574 128.50 0.8

CATO_OWCK 5/16/06 7.55 4.18 11.00 514 122.60 1.1

CATO_OWCK 6/26/06 7.40 8.10 17.50 508 102.70 0.5

CATO_OWCK 7/24/06 7.57 7.59 17.50 640 139.10 1.2

CATO_OWCK 8/15/06 6.97 5.20 18.90 840 144.90 1.2

CATO_OWCK 9/13/06 7.45 7.56 14.60 658 154.60 0.9

CATO_OWCK 10/16/06 7.45 9.08 7.65 960 154.57 0.8

CATO_OWCK 11/30/06 8.12 9.02 11.23 438 135.23 1.0

CATO_OWCK 1/4/07 7.69 11.21 6.50 398 137.60 0.7 0.1599
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Site Date pH DO Temp ANC Cond. NO3 TP
CATO_OWCK 1/31/07 12.43 0.30 434 133.40 2.5 0.0620

CATO_OWCK 4/3/07 7.65 9.30 11.10 434 131.13 1.1 0.1142

CATO_OWCK 5/23/07 7.56 8.05 13.57 640 130.15 1.3 0.1142

CATO_OWCK 6/28/07 7.31 6.39 18.20 858 142.30 0.8 0.0816

CATO_OWCK 7/26/07 7.31 5.96 17.90 892 150.10 0.9 0.1338

CATO_OWCK 8/27/07 7.46 5.86 17.60 906 156.90 0.7 0.1175

CATO_OWCK 9/27/07 7.31 6.04 17.40 856 154.20 1.5 0.0881

CATO_OWCK 10/22/07 6.99 5.79 12.30 1040 153.10 1.6 0.0914

CATO_OWCK 11/20/07 7.44 9.02 6.60 732 164.80 1.5 0.1011

CATO_OWCK 12/18/07 7.20 11.89 1.48 558 98.45 2.0 0.1011

CATO_OWCK 1/28/08 7.16 14.50 1.08 590 165.62 1.7 0.0946

CATO_OWCK 2/25/08 7.37 13.49 3.02 502 182.17 1.8 0.1207

CATO_OWCK 3/24/08 7.53 13.46 5.63 500 144.92 1.8 0.1077

CATO_OWCK 4/24/08 7.62 10.57 12.08 538 131.23 1.5 0.0555

CATO_OWCK 5/14/08 7.51 9.08 11.47 524 112.27 1.4 0.0653

CATO_OWCK 6/24/08 7.55 9.15 15.43 486 140.55 0.9 0.0848

CATO_OWCK 7/29/08 7.46 7.28 18.12 802 148.32 1.3 0.0750

CATO_OWCK 8/25/08 7.32 7.35 17.75 846 149.00 1.4 0.0718

CATO_OWCK 9/22/08 7.32 8.26 14.38 800 149.17 1.1 0.0587

CATO_OWCK 10/21/08 7.29 8.42 9.42 888 159.80 1.4 0.0718

CATO_OWCK 11/18/08 10.98 4.67 632 157.10 1.1

CATO_OWCK 3/31/09 7.43 11.54 6.95 574 152.73 1.8 0.0457

CATO_OWCK 5/14/09 7.60 9.90 13.03 564 137.23 1.5 0.0946

CATO_OWCK 6/10/09 7.52 9.07 15.63 700 146.80 1.0 0.0783

CATO_OWCK 7/7/09 7.62 8.87 16.37 740 112.27 1.2 0.0979

CATO_OWCK 7/21/09 7.60 9.03 16.07 744 144.13 1.0 0.1142

CATO_OWCK 8/17/09 7.56 8.15 18.80 716 155.40 1.0 0.0914

CATO_OWCK 9/15/09 7.62 8.85 15.65 546 150.45 1.0 0.1338

CATO_OWCK 10/13/09 7.44 9.80 10.40 856 157.40 1.1 0.0587

CATO_OWCK 11/10/09 7.61 10.70 10.65 726 173.75 1.2 0.0522

CATO_OWCK 12/8/09 7.64 13.03 4.73 530 152.90 1.0 0.0555

CATO_OWCK 3/9/10 7.82 13.05 4.70 524 139.85 0.7 0.1272

CATO_OWCK 4/6/10 7.85 10.50 14.50 526 136.20 1.7 0.1762

CATO_OWCK 5/4/10 7.67 9.70 14.10 568 139.70 1.2 0.1827

CATO_OWCK 6/8/10 7.58 9.90 13.90 642 145.35 1.7 0.1011

CATO_OWCK 7/13/10 7.58 8.00 18.80 540 161.15 1.3 0.1240

CATO_OWCK 8/9/10 7.56 7.70 19.60 804 119.80 1.7 0.0914

CATO_OWCK 9/15/10 7.57 8.50 14.20 780 151.60 2.5 0.2251

CATO_OWCK 10/13/10 7.58 8.70 11.60 750 151.20 2.9 0.2251

CATO_OWCK 11/8/10 7.54 10.70 6.70 672 163.45 1.0 0.1370

CATO_OWCK 12/6/10 8.27 11.40 9.10 456 687.40 7.9 0.2121

CATO_OWCK 2/7/11 7.62 14.30 1.50 474 194.80 1.5 0.1142

CATO_OWCK 3/9/11 7.42 12.60 3.90 402 148.00 1.0 0.1468

CATO_OWCK 4/4/11 7.66 11.55 7.50 466 144.25 1.2 0.1958

CATO_OWCK 5/2/11 7.46 9.85 12.15 476 122.50 1.2 0.1468
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CATO_OWCK 6/6/11 7.40 9.15 15.30 584 136.90 1.4 0.0783

CATO_OWCK 7/11/11 7.51 7.10 20.10 704 148.70 1.4 0.0914

CATO_OWCK 8/8/11 7.52 7.00 21.00 836 181.20 1.8 0.0848

CATO_OWCK 9/13/11 7.54 8.60 17.00 744 155.75 0.8 0.1697

CATO_OWCK 10/11/11 7.34 8.70 13.20 676 152.75 1.7 0.0718

CATO_OWCK 11/8/11 7.44 11.20 8.50 564 154.35 0.7 0.1501

CATO_OWCK 12/6/11 7.18 10.10 9.60 506 127.75 1.7 0.1533

CATO_WHST 6/20/05 8.60 15.60 478 84.60 0.1

CATO_WHST 10/6/05 7.74 7.22 16.65 410 147.80 0.5

CATO_WHST 11/8/05 7.50 6.03 10.55 880 146.00

CATO_WHST 12/12/05 7.27 6.67 2.15 602 118.30 0.1

CATO_WHST 1/23/06 6.84 11.82 4.90 384 103.90 0.2

CATO_WHST 2/23/06 7.29 10.43 4.50 378 76.50 0.2

CATO_WHST 3/21/06 7.68 8.66 3.75 410 91.60

CATO_WHST 4/10/06 7.47 3.46 7.45 642 110.60

CATO_WHST 5/16/06 7.70 4.07 11.60 556 73.75 0.6

CATO_WHST 6/26/06 7.50 7.35 17.90 552 87.90 0.5

CATO_WHST 7/24/06 7.93 8.08 19.00 734 104.30 0.5

CATO_WHST 8/15/06 7.48 5.42 20.60 876 113.10 0.6

CATO_WHST 9/12/06 7.51 8.74 15.20 598 132.90 0.5

CATO_WHST 10/16/06 7.66 8.75 8.10 800 116.20 0.4

CATO_WHST 11/30/06 8.03 9.03 11.30 582 111.10 0.5

CATO_WHST 1/4/07 7.58 10.58 7.10 414 94.10 0.5 0.2316

CATO_WHST 1/31/07 13.24 0.30 382 78.00 1.2 0.0294

CATO_WHST 3/6/07 7.59 12.55 0.60 382 93.55 1.1 0.0359

CATO_WHST 4/3/07 7.51 8.95 11.40 432 80.80 0.3 0.0587

CATO_WHST 5/23/07 7.70 8.24 13.80 610 82.30 0.8 0.0392

CATO_WHST 6/28/07 7.65 6.74 20.10 796 109.90 0.2 0.0359

CATO_WHST 7/26/07 8.18 7.20 19.70 974 120.50 0.4 0.0653

CATO_WHST 8/27/07 7.81 5.20 19.00 1046 173.50 0.3 0.0555

CATO_WHST 11/20/07 7.58 9.60 6.20 848 143.30 1.1 0.0783

CATO_WHST 12/18/07 7.68 11.95 2.00 676 172.00 1.4 0.0424

CATO_WHST 2/25/08 7.44 11.26 3.40 606 158.90 1.0 0.0718

CATO_WHST 3/24/08 7.65 14.06 5.25 536 92.55 1.3 0.0424

CATO_WHST 4/24/08 7.64 10.65 12.60 530 85.25 1.0 0.0848

CATO_WHST 5/14/08 7.49 9.78 11.95 498 77.05 2.9 0.0424

CATO_WHST 6/24/08 7.84 9.14 16.20 648 90.20 0.6 0.0424

CATO_WHST 7/29/08 7.91 7.94 19.60 930 120.95 0.8

CATO_WHST 8/25/08 712 0.0326

CATO_WHST 9/22/08 7.81 7.36 15.80 1058 175.75 0.9 0.0522

CATO_WHST 10/21/08 7.72 7.33 9.90 832 116.00 0.9 0.0457

CATO_WHST 11/18/08 7.64 11.83 5.30 908 150.15 0.6

CATO_WHST 3/31/09 7.57 11.68 6.60 676 128.75 1.1 0.0326

CATO_WHST 5/14/09 7.59 10.50 12.50 492 68.90 0.8 0.0718

CATO_WHST 6/10/09 7.69 9.50 15.80 780 115.50 0.8 0.0424
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Site Date pH DO Temp ANC Cond. NO3 TP
CATO_WHST 7/7/09 7.72 9.60 16.80 600 80.30 0.6 0.0424

CATO_WHST 7/21/09 7.63 8.90 17.10 560 76.80 0.2 0.0489

CATO_WHST 8/17/09 7.68 7.60 20.00 736 103.20 1.0 0.0489

CATO_WHST 9/15/09 7.77 8.00 17.20 626 104.30 0.6 0.0979

CATO_WHST 10/13/09 7.66 9.70 10.50 730 106.70 1.6 0.0587

CATO_WHST 11/10/09 7.67 9.30 11.20 880 129.70 1.2 0.0424

CATO_WHST 12/8/09 7.72 12.70 5.50 658 109.00 0.7 0.0392

CATO_WHST 3/9/10 7.64 12.70 5.20 468 97.00 0.6 0.1207

CATO_WHST 4/6/10 7.60 9.90 14.60 484 72.50 1.4 0.1762

CATO_WHST 5/4/10 7.70 9.50 14.50 568 96.80 1.0 0.1892

CATO_WHST 6/8/10 7.63 9.60 14.40 640 82.20 1.2 0.0457

CATO_WHST 7/13/10 7.63 6.90 19.90 422 84.60 1.3 0.0653

CATO_WHST 8/9/10 7.77 6.80 20.70 782 97.80 1.2 0.0555

CATO_WHST 9/15/10 7.74 8.70 14.90 786 104.80 1.5 0.2186

CATO_WHST 10/13/10 7.89 9.01 12.20 682 120.10 1.9 0.2284

CATO_WHST 11/8/10 7.68 11.20 7.60 880 135.70 0.9 0.1436

CATO_WHST 12/6/10 7.68 13.00 2.60 472 104.30 1.2 0.2447

CATO_WHST 2/7/11 7.62 13.90 2.30 542 174.10 0.5 0.1305

CATO_WHST 3/9/11 7.47 12.20 4.60 378 88.90 0.7 0.1272

CATO_WHST 4/4/11 7.67 11.10 7.80 432 81.40 0.9 0.1468

CATO_WHST 5/2/11 7.60 9.70 11.90 446 78.10 0.8 0.1631

CATO_WHST 6/6/11 7.51 8.70 16.00 526 78.20 0.6 0.0359

CATO_WHST 7/11/11 7.56 7.10 21.00 650 86.90 0.9 0.0326

CATO_WHST 8/8/11 7.58 5.60 22.10 930 111.60 0.8 0.0620

CATO_WHST 9/13/11 7.75 6.90 17.90 900 135.10 1.1 0.1990

CATO_WHST 10/11/11 7.52 8.20 13.70 916 131.00 1.0 0.0326

CATO_WHST 11/8/11 7.61 10.60 9.20 640 117.30 1.4 0.1338

CATO_WHST 12/6/11 7.38 9.90 10.00 508 123.10 1.1 0.2316

CATO data

CROW 8/26/09 7.32 9.88 19.28 180.00

CROW 9/28/09 7.13 10.50 15.60 160.00

CROW 12/14/09 7.39 14.71 5.75 160.00

CROW 4/26/10 7.75 10.54 11.10 140.00

CROW 6/28/10 7.81 8.86 20.20 0.12

CROW 7/20/10 7.76 8.35 21.10 0.12

CROW 9/15/10 7.89 10.24 15.90 0.14

CROW 10/28/10 7.87 10.95 13.90 0.12

CROW 11/18/10 7.77 12.30 8.00 149.90

CROW 12/2/10 7.30 12.80 7.40 99.50

CROW 1/5/11 7.53 15.70 1.10 151.00

CROW 2/24/11 7.17 14.88 2.20 171.10

CROW 3/29/11 7.39 13.89 5.70 128.30

CROW 4/15/11 7.37 11.57 10.60 128.00

CROW 5/23/11 7.66 10.11 17.10 121.70

CROW 6/23/11 7.81 8.30 19.60 128.60
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CROW 7/26/11 7.80 9.38 19.00 123.90

CROW 8/29/11 7.81 9.68 18.20 138.30

CROW 9/19/11 7.85 9.25 15.30 149.30

CROW 10/24/11 7.72 10.56 12.20 135.00

CROW 11/28/11 7.42 10.86 10.90 113.30

CROW 12/13/11 7.36 12.91 5.10 107.70

FOXV 2/10/00 7.32 12.80 3.00 180.00

FOXV 3/10/00 7.36 9.60 9.00 139.00

FOXV 4/24/00 7.55 9.40 11.00 161.00

FOXV 6/2/00 7.40 8.30 16.00 147.00

FOXV 6/29/00 7.46 7.50 17.00 212.00

FOXV 7/21/00 7.30 9.60 17.00 240.00

FOXV 8/30/00 7.47 7.80 19.00 260.00

FOXV 9/28/00 7.66 9.00 12.00 294.00

FOXV 10/1/00 0.00

FOXV 11/8/00 7.59 9.60 9.00 185.00

FOXV 12/4/00 7.56 14.00 0.00 149.00

FOXV 1/4/01 7.58 13.00 127.00

FOXV 2/14/01 7.43 11.90 6.00 200.00

FOXV 3/9/01 7.37 12.40 4.00 215.00

FOXV 4/27/01 7.69 10.70 11.00 223.00

FOXV 5/23/01 7.39 8.40 13.00 161.00

FOXV 6/28/01 7.69 8.00 19.00 335.00

FOXV 7/18/01 7.72 8.80 19.00 388.00

FOXV 9/26/01 7.75 8.40 12.00 222.00

FOXV 10/24/01 7.57 5.20 15.00 370.00

FOXV 11/16/01 7.51 7.50 10.00 391.00

FOXV 12/13/01 7.71 9.20 8.00 327.00

FOXV 1/30/02 7.82 8.80 10.00 401.00

FOXV 2/22/02 7.99 11.20 5.00 281.00

FOXV 3/19/02 7.95 10.90 8.00 349.00

FOXV 4/24/02 7.64 10.80 9.00 270.00

FOXV 5/24/02 7.48 9.20 12.00 250.00

FOXV 6/26/02 7.90 6.80 19.00 398.00

FOXV 7/24/02 8.05 7.00 19.00 482.00

FOXV 8/23/02 8.18 6.30 21.00 600.00

FOXV 9/28/02 7.78 8.60 16.00 320.00

FOXV 10/15/02 0.00

FOXV 11/20/02 7.46 8.80 7.00 200.00

FOXV 12/29/02 7.55 11.70 4.00 170.00

FOXV 1/28/03 7.37 13.40 0.00 125.00

FOXV 2/27/03 7.62 2.00 258.00

FOXV 3/25/03 7.62 11.80 9.00 210.00

FOXV 4/25/03 7.54 11.20 10.00 150.00

FOXV 5/23/03 7.38 9.80 11.00 163.00
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FOXV 6/27/03 7.52 8.40 17.00 189.00

FOXV 7/30/03 7.80 8.00 17.00 300.00

FOXV 8/27/03 7.51 8.40 19.00 165.00

FOXV 9/29/03 7.38 9.10 13.00 175.00

FOXV 10/21/03 7.43 9.40 13.00 159.00

FOXV 11/4/03 7.49 8.30 13.00 162.00

FOXV 12/11/03 6.93 12.10 4.00 62.00

FOXV 1/14/04 7.56 13.40 2.00 142.00

FOXV 2/1/04 0.00

FOXV 3/26/04 7.82 10.35 12.00 289.00

FOXV 4/21/04 8.04 10.75 17.00 245.00

FOXV 5/1/04 0.00

FOXV 6/23/04 7.51 16.00 199.00

FOXV 7/16/04 7.80 7.70 19.00 349.00

FOXV 8/27/04 7.87 7.55 20.00 263.00

FOXV 9/1/04 0.00

FOXV 10/15/04 7.51 8.78 13.00 180.00

FOXV 11/1/04 0.00

FOXV 1/12/05 7.44 10.40 5.00 109.00

FOXV 2/5/05 7.36 14.10 1.00 96.00

FOXV 3/18/05 7.55 6.00 118.00

FOXV 4/23/05 7.28 10.00 108.00

FOXV 5/12/05 7.47 14.00 131.00

FOXV 6/28/05 0.00

FOXV 7/22/05 7.73 7.59 19.00 414.00

FOXV 8/25/05 7.77 9.02 15.00 201.00

FOXV 9/16/05 8.05 7.63 20.00 540.00

FOXV 10/26/05 7.60 9.77 10.00 190.00

FOXV 11/18/05 7.54 10.67 4.00 145.00

FOXV 1/11/06 7.42 12.14 5.00 140.00

FOXV 2/10/06 7.40 14.39 1.00 118.00

FOXV 3/31/06 7.74 10.25 13.00 218.00

FOXV 4/14/06 0.00

FOXV 5/31/06 7.78 8.40 17.00 298.00

FOXV 6/29/06 7.30 7.93 17.00 121.00

FOXV 7/21/06 7.72 7.02 20.00 270.00

FOXV 8/30/06 7.84 7.26 20.00 420.00

FOXV 9/28/06 7.58 7.30 15.00 345.00

FOXV 10/27/06 7.67 9.50 8.00 262.00

FOXV 11/20/06 7.53 11.21 7.00 149.00

FOXV 12/11/06 7.56 12.77 4.00 148.00

FOXV 4/13/07 7.39 13.28 5.00 79.00

FOXV 5/31/07 7.70 8.87 16.00 237.00

FOXV 6/20/07 7.62 8.39 18.00 168.00

FOXV 8/31/07 0.00
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FOXV 9/10/07 7.81 6.28 20.40 500.00

FOXV 10/22/07 0.00

FOXV 11/19/07 7.61 9.92 5.20 310.00

FOXV 12/12/07 0.00

FOXV 4/14/08 7.56 10.50 8.50 123.00

FOXV 5/20/08 7.32 9.57 10.10 112.00

FOXV 6/3/08 7.56 9.22 14.50 272.00

FOXV 7/3/08 7.60 8.13 16.80 364.00

FOXV 8/25/08 7.88 13.00

FOXV 9/24/08 7.95 13.00 419.00

FOXV 10/22/08 7.49 9.72 9.09 348.00

FOXV 11/20/08 7.48 13.38 4.96

FOXV 12/17/08 0.00

FOXV 1/29/09 0.00

FOXV 2/9/09 0.00

FOXV 7/23/09 7.60 7.80 18.60 181.10

FOXV 8/26/09 7.38 8.64 19.10 440.00

FOXV 4/26/10 7.28 10.31 10.00 150.00

FOXV 6/28/10 7.75 8.18 20.40 0.27

FOXV 10/28/10 7.16 6.61 13.80 0.22

FOXV 11/18/10 7.15 9.60 7.90 300.60

FOXV 12/2/10 7.33 11.09 5.90 230.10

FOXV 1/5/11 7.56 14.27 0.30 452.10

FOXV 3/29/11 7.11 13.95 3.00 239.20

FOXV 4/15/11 7.23 12.02 9.80 202.20

FOXV 5/23/11 7.27 9.53 14.40 243.30

FOXV 6/23/11 7.43 7.94 18.00 223.80

FOXV 7/26/11 7.53 7.03 20.70 344.60

FOXV 9/19/11 7.67 8.89 15.00 431.30

FOXV 11/28/11 7.40 9.64 12.30 315.80

FOXV 12/13/11 7.05 12.83 3.70 315.20

HEML 2/10/00 7.09 14.00 1.00 60.00

HEML 3/10/00 7.49 10.80 9.00 86.00

HEML 4/24/00 7.73 10.30 10.00 79.00

HEML 6/2/00 7.44 9.10 15.00 99.00

HEML 6/29/00 7.64 8.60 17.00 101.00

HEML 7/21/00 7.30 9.50 16.00 110.00

HEML 8/30/00 7.50 8.90 18.00 122.00

HEML 9/28/00 7.75 9.80 12.00 97.00

HEML 10/1/00 0.00

HEML 11/8/00 7.60 11.00 8.00 95.00

HEML 12/4/00 7.74 14.40 1.00 71.00

HEML 1/4/01 7.30 12.00 60.00

HEML 2/14/01 7.42 12.80 4.00 85.00

HEML 3/9/01 7.35 14.20 2.00 102.00
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Site Date pH DO Temp ANC Cond. NO3 TP
HEML 4/27/01 7.77 11.40 9.00 89.00

HEML 5/23/01 7.47 9.60 12.00 100.00

HEML 6/28/01 7.49 8.40 18.00 133.00

HEML 7/18/01 7.68 9.20 17.50 131.00

HEML 8/7/01 7.61 10.20 21.50 158.00

HEML 9/26/01 7.42 9.60 12.00 142.00

HEML 10/24/01 7.64 8.10 14.00 140.00

HEML 11/16/01 7.43 10.90 7.00 108.00

HEML 12/13/01 7.59 11.60 6.00 110.00

HEML 1/30/02 7.64 11.50 7.00 113.00

HEML 2/22/02 7.63 12.50 4.00 99.00

HEML 3/19/02 7.97 12.30 7.00 99.00

HEML 4/24/02 7.81 11.40 10.00 99.00

HEML 5/24/02 7.51 10.30 12.00 100.00

HEML 6/26/02 7.78 8.20 19.00 127.00

HEML 7/24/02 7.84 8.00 19.00 132.00

HEML 8/23/02 7.88 7.40 21.00 148.00

HEML 9/28/02 7.61 9.50 16.00 120.00

HEML 10/15/02 0.00

HEML 11/20/02 7.40 12.00 5.00 80.00

HEML 12/29/02 7.67 13.60 2.00 77.00

HEML 1/28/03 7.19 14.80 0.00 70.00

HEML 3/25/03 7.52 13.60 8.00 92.00

HEML 4/25/03 7.58 11.20 9.00 100.00

HEML 5/23/03 7.51 10.60 10.00 98.00

HEML 6/27/03 7.60 9.10 17.00 120.00

HEML 7/30/03 7.83 8.80 17.00 138.00

HEML 8/27/03 7.69 9.20 19.00 136.00

HEML 9/29/03 7.53 9.80 13.00 99.00

HEML 10/21/03 7.51 10.90 12.00 102.00

HEML 11/4/03 7.69 10.00 13.00 104.00

HEML 12/11/03 7.15 12.40 4.00 69.00

HEML 1/14/04 7.61 14.40 0.00 72.00

HEML 2/1/04 0.00

HEML 3/26/04 7.78 10.18 10.00 104.00

HEML 4/21/04 7.89 9.25 16.00 110.00

HEML 5/1/04 0.00

HEML 6/23/04 0.00

HEML 7/16/04 7.87 8.00 19.00 140.00

HEML 8/27/04 7.77 8.40 19.00 147.00

HEML 9/1/04 0.00

HEML 10/15/04 7.68 9.59 12.00 110.00

HEML 11/1/04 0.00

HEML 12/4/04 7.77 12.65 3.00 72.00

HEML 1/12/05 7.49 12.02 5.00 73.00
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Site Date pH DO Temp ANC Cond. NO3 TP
HEML 2/5/05 7.37 14.60 1.00 80.00

HEML 3/18/05 7.66 5.00 90.00

HEML 4/23/05 7.53 9.00 105.00

HEML 5/12/05 7.49 15.00 114.00

HEML 6/28/05 7.72 8.02 20.00 142.00

HEML 7/22/05 7.70 7.83 21.00 158.00

HEML 8/25/05 7.93 8.76 16.00 123.00

HEML 9/16/05 7.91 8.07 19.00 149.00

HEML 10/26/05 7.80 11.08 9.00 97.00

HEML 11/18/05 7.69 11.51 3.00 95.00

HEML 12/30/05 7.59 12.73 3.00 99.00

HEML 1/11/06 7.55 12.31 5.00 88.00

HEML 2/10/06 7.58 13.50 1.00 71.00

HEML 3/31/06 8.11 10.35 12.00 110.00

HEML 4/14/06 7.62 9.85 12.00 117.00

HEML 5/31/06 7.66 8.50 17.00 119.00

HEML 6/29/06 7.51 8.89 17.00 105.00

HEML 7/21/06 7.72 7.88 20.00 140.00

HEML 8/30/06 7.86 7.98 20.00 155.00

HEML 9/28/06 7.46 9.13 15.00 137.00

HEML 10/27/06 7.76 11.76 7.00 110.00

HEML 11/20/06 7.71 11.70 6.00 87.00

HEML 12/11/06 7.73 13.12 3.00 79.00

HEML 1/22/07 7.49 13.73 1.00 59.00

HEML 2/9/07 7.46 0.00

HEML 3/9/07 7.34 13.16 2.00 94.00

HEML 4/13/07 7.53 12.47 5.00 99.00

HEML 5/31/07 7.69 8.68 17.00 139.00

HEML 6/20/07 7.75 8.34 18.00 131.00

HEML 8/31/07 7.77 7.96 19.70 172.00

HEML 9/10/07 7.78 7.84 20.70 170.00

HEML 10/22/07 7.78 9.61 12.70 150.00

HEML 11/19/07 7.57 11.93 4.70 112.00

HEML 12/12/07 7.52 11.07 7.10 122.00

HEML 1/7/08 7.48 12.24 4.70 119.00

HEML 2/19/08 7.59 12.96 3.10 128.00

HEML 3/10/08 7.44 14.34 1.80 103.00

HEML 4/14/08 7.74 11.28 8.60 112.00

HEML 5/20/08 7.48 14.73 9.90 101.00

HEML 6/3/08 7.67 9.32 14.70 119.00

HEML 7/3/08 7.67 8.39 17.30 144.00

HEML 8/25/08 7.93 13.00

HEML 9/24/08 7.99 13.00 96.00

HEML 10/22/08 7.58 11.63 8.56 178.00

HEML 11/20/08 7.37 16.21 3.36
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Site Date pH DO Temp ANC Cond. NO3 TP
HEML 12/17/08 7.12 14.91 3.87

HEML 1/29/09 0.00

HEML 2/9/09 7.27 16.69 1.18

HEML 7/23/09 7.64 8.04 18.80 156.40

HEML 8/26/09 7.57 9.09 19.17 240.00

HEML 9/28/09 7.23 10.02 14.74 200.00

HEML 12/14/09 7.14 14.26 4.92 160.00

HEML 4/26/10 7.59 10.35 10.20 170.00

HEML 6/28/10 7.70 6.72 21.30 0.17

HEML 7/20/10 7.69 7.65 21.40 0.16

HEML 9/15/10 7.71 8.62 15.60 0.17

HEML 10/28/10 7.61 9.95 13.80 0.15

HEML 11/18/10 7.56 12.20 7.10 153.30

HEML 12/2/10 7.56 13.81 4.50 138.70

HEML 1/5/11 7.14 14.80 0.00 194.40

HEML 2/24/11 7.19 15.19 0.70 213.70

HEML 3/29/11 7.38 14.62 2.80 159.80

HEML 4/15/11 7.38 11.63 9.50 155.40

HEML 5/23/11 7.41 9.70 15.50 152.60

HEML 6/23/11 8.12 7.63 19.50 182.70

HEML 8/29/11 7.69 8.52 17.30 224.60

HEML 9/19/11 7.72 8.88 14.40 196.20

HEML 10/24/11 7.50 10.40 10.20 156.30

HEML 11/28/11 7.68 10.67 10.90 139.40

HEML 12/13/11 7.35 13.23 3.00 139.90

IKES 2/10/00 7.42 13.00 3.00 90.00

IKES 3/10/00 7.41 11.20 8.00 100.00

IKES 4/24/00 7.63 11.00 9.00 90.00

IKES 6/2/00 7.51 9.30 14.00 116.00

IKES 6/29/00 7.78 9.20 15.00 138.00

IKES 7/21/00 7.53 9.70 15.00 140.00

IKES 8/30/00 7.83 8.40 17.00 164.00

IKES 9/28/00 7.87 9.80 12.00 130.00

IKES 10/1/00 0.00

IKES 11/8/00 7.64 11.00 8.00 130.00

IKES 12/4/00 7.58 14.20 1.00 89.00

IKES 1/4/01 7.65 12.00 83.00

IKES 3/9/01 7.49 12.40 4.00 89.00

IKES 4/27/01 7.71 11.30 9.00 99.00

IKES 5/23/01 7.62 9.50 12.00 122.00

IKES 6/28/01 7.79 8.50 16.50 150.00

IKES 7/18/01 7.72 9.40 16.00 150.00

IKES 8/7/01 7.80 9.02 19.00 172.00

IKES 9/26/01 8.02 8.80 11.00 142.00

IKES 10/24/01 7.75 6.60 13.00 149.00
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Site Date pH DO Temp ANC Cond. NO3 TP
IKES 11/16/01 7.89 8.80 8.00 130.00

IKES 12/13/01 7.76 9.80 7.00 128.00

IKES 1/30/02 7.32 8.80 7.00 129.00

IKES 2/22/02 7.63 9.20 4.50 110.00

IKES 3/19/02 7.77 10.80 6.00 120.00

IKES 4/24/02 7.66 11.20 8.00 118.00

IKES 5/24/02 7.55 10.20 10.50 122.00

IKES 6/26/02 7.67 8.00 17.00 170.00

IKES 7/24/02 7.82 7.60 18.00 175.00

IKES 8/23/02 7.72 6.80 20.00 193.00

IKES 9/28/02 7.91 9.20 15.00 160.00

IKES 10/15/02 0.00

IKES 11/20/02 7.55 10.80 7.00 90.00

IKES 12/29/02 7.63 12.40 4.00 90.00

IKES 1/28/03 7.56 14.20 0.00 77.00

IKES 2/27/03 7.56 1.00 80.00

IKES 3/25/03 7.54 12.20 7.00 93.00

IKES 4/25/03 7.53 11.10 9.00 103.00

IKES 5/23/03 7.59 10.90 10.00 110.00

IKES 6/27/03 7.80 15.00 132.00

IKES 7/30/03 7.86 15.00 150.00

IKES 9/29/03 7.58 10.40 12.00 123.00

IKES 10/21/03 7.73 10.60 11.00 130.00

IKES 11/4/03 7.77 9.60 12.00 130.00

IKES 12/11/03 7.36 13.40 4.00 65.00

IKES 1/14/04 7.70 12.80 2.00 84.00

IKES 2/1/04 0.00

IKES 3/26/04 7.68 11.72 9.00 107.00

IKES 4/21/04 7.91 9.78 14.00 120.00

IKES 5/1/04 0.00

IKES 6/23/04 7.64 14.00 141.00

IKES 7/16/04 7.74 7.80 17.00 170.00

IKES 8/27/04 7.74 8.25 17.00 189.00

IKES 9/1/04 0.00

IKES 10/15/04 7.74 9.05 12.00 150.00

IKES 11/1/04 0.00

IKES 1/12/05 7.60 10.25 6.00 97.00

IKES 2/5/05 7.65 13.00 3.00 91.00

IKES 3/18/05 7.61 5.00 92.00

IKES 4/23/05 7.70 9.00 115.00

IKES 5/12/05 7.55 13.00 123.00

IKES 6/28/05 7.66 7.90 16.00 153.00

IKES 7/22/05 7.64 7.37 18.00 167.00

IKES 8/25/05 7.79 8.20 15.00 162.00

IKES 9/16/05 7.68 7.35 17.00 176.00
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Site Date pH DO Temp ANC Cond. NO3 TP
IKES 10/26/05 7.76 10.62 9.00 138.00

IKES 11/18/05 7.51 8.55 6.00 137.00

IKES 12/30/05 7.64 12.62 5.00 104.00

IKES 1/11/06 7.56 11.71 6.00 92.00

IKES 2/10/06 7.47 13.44 3.00 81.00

IKES 3/31/06 7.52 9.22 10.00 120.00

IKES 4/14/06 7.41 8.74 12.00 131.00

IKES 5/31/06 7.59 8.90 14.00 180.00

IKES 6/29/06 7.56 9.22 15.00 109.00

IKES 7/21/06 7.85 8.70 18.00 165.00

IKES 8/30/06 7.77 7.06 18.00 180.00

IKES 9/28/06 7.64 8.14 14.00 153.00

IKES 10/27/06 7.91 10.27 8.00 134.00

IKES 11/20/06 7.78 11.75 7.00 110.00

IKES 12/11/06 7.64 12.67 5.00 112.00

IKES 1/22/07 7.48 14.08 3.00 100.00

IKES 2/9/07 7.55 13.34 0.00

IKES 3/9/07 7.50 14.61 4.00 92.00

IKES 4/13/07 7.64 13.20 5.00 104.00

IKES 5/31/07 7.71 9.38 14.00 145.00

IKES 6/20/07 7.78 8.77 16.00 163.00

IKES 8/31/07 7.75 7.41 17.70 181.00

IKES 9/10/07 7.66 6.79 18.30 185.00

IKES 10/22/07 7.73 7.03 12.90 145.00

IKES 11/19/07 7.54 9.97 6.30 135.00

IKES 12/12/07 7.48 8.88 7.50 150.00

IKES 1/7/08 7.49 10.14 5.70 118.00

IKES 2/19/08 7.68 12.01 3.90 103.00

IKES 3/10/08 7.56 12.54 3.60 92.00

IKES 4/14/08 7.61 11.03 7.60 112.00

IKES 5/20/08 7.53 10.52 9.80 118.00

IKES 6/3/08 7.67 9.58 12.90 139.00

IKES 7/3/08 7.67 8.28 15.30 158.00

IKES 8/25/08 7.75 10.00

IKES 9/24/08 7.80 13.00 151.00

IKES 10/22/08 7.42 10.07 8.86 132.00

IKES 11/20/08 7.38 13.01 5.15

IKES 12/17/08 7.12 14.29 4.73

IKES 1/29/09 7.22 15.55 1.43

IKES 2/9/09 6.95 14.90 2.94

IKES 7/23/09 7.62 8.56 16.00 165.90

IKES 8/26/09 6.86 9.17 17.05 250.00

IKES 9/8/09 4.00 7.00

IKES 9/28/09 6.80 9.64 13.88 230.00

IKES 12/14/09 7.09 1.80 6.00 200.00



137

Appendix A

Site Date pH DO Temp ANC Cond. NO3 TP
IKES 4/26/10 7.66 9.70 9.80 160.00

IKES 6/28/10 7.61 7.50 17.70 0.17

IKES 7/20/10 7.52 7.80 18.40 0.16

IKES 9/15/10 7.54 7.99 14.30 0.18

IKES 10/28/10 7.44 7.05 12.80 0.17

IKES 11/18/10 7.31 9.77 8.10 209.00

IKES 12/2/10 7.71 12.53 6.00 162.60

IKES 1/5/11 7.22 10.76 2.10 207.60

IKES 2/24/11 7.26 12.55 3.30 147.50

IKES 3/29/11 7.22 12.93 4.90 118.20

IKES 4/15/11 7.13 11.36 9.00 130.80

IKES 5/23/11 7.63 10.67 13.00 190.20

IKES 6/23/11 7.78 9.10 16.50 220.50

IKES 7/26/11 7.49 7.68 18.90 218.40

IKES 8/29/11 7.42 8.49 16.30 230.20

IKES 9/19/11 7.43 8.43 13.30 227.60

IKES 10/24/11 7.37 10.36 10.70 213.90

IKES 11/28/11 7.50 10.79 11.10 187.50

IKES 12/13/11 7.15 12.73 5.10 177.00

JOEB 2/10/00 7.18 14.20 2.00 65.00

JOEB 3/10/00 7.52 11.20 9.00 82.00

JOEB 4/24/00 7.68 10.30 12.00 76.00

JOEB 6/2/00 7.45 8.80 17.00 93.00

JOEB 6/29/00 7.37 8.90 15.00 97.00

JOEB 7/21/00 7.30 9.40 17.00 100.00

JOEB 8/30/00 7.52 8.10 19.00 108.00

JOEB 9/28/00 7.70 8.90 5.00 100.00

JOEB 10/1/00 0.00

JOEB 11/8/00 7.58 10.00 11.00 89.00

JOEB 12/4/00 7.74 4.00 73.00

JOEB 1/4/01 7.61 15.00 65.00

JOEB 2/14/01 7.48 13.20 4.00 75.00

JOEB 3/9/01 7.39 13.40 4.00 89.00

JOEB 4/27/01 7.66 10.30 12.00 86.00

JOEB 5/23/01 7.59 8.60 15.00 100.00

JOEB 6/28/01 7.41 8.90 17.00 109.00

JOEB 7/18/01 7.40 9.20 18.00 105.00

JOEB 8/7/01 7.39 9.20 15.00 100.00

JOEB 9/26/01 7.55 8.20 14.00 96.00

JOEB 10/24/01 7.53 8.60 13.00 105.00

JOEB 11/16/01 7.62 9.40 9.00 92.00

JOEB 12/13/01 7.60 10.00 8.00 90.00

JOEB 1/30/02 7.53 10.60 7.00 102.00

JOEB 2/22/02 7.67 10.80 5.00 96.00

JOEB 3/19/02 7.68 10.80 8.00 109.00
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Site Date pH DO Temp ANC Cond. NO3 TP
JOEB 4/24/02 7.69 9.80 12.00 100.00

JOEB 5/24/02 7.50 9.40 16.00 102.00

JOEB 6/26/02 7.46 8.20 17.00 119.00

JOEB 7/24/02 7.45 7.80 16.00 112.00

JOEB 8/23/02 7.65 8.50 15.00 108.00

JOEB 9/28/02 7.61 8.20 16.00 127.00

JOEB 10/15/02 0.00

JOEB 11/20/02 7.56 10.60 8.00 81.00

JOEB 12/29/02 7.62 13.00 3.00 73.00

JOEB 1/28/03 7.44 15.00 1.00 70.00

JOEB 2/27/03 7.66 14.30 0.00 90.00

JOEB 3/25/03 6.92 11.60 8.00 77.00

JOEB 4/25/03 7.63 11.40 12.00 98.00

JOEB 5/23/03 7.42 10.40 11.00 80.00

JOEB 6/27/03 7.61 9.60 17.00 94.00

JOEB 7/30/03 7.62 10.00 13.00 110.00

JOEB 8/27/03 7.78 9.30 17.00 114.00

JOEB 9/29/03 7.49 8.90 16.00 87.00

JOEB 10/21/03 7.60 10.00 13.00 89.00

JOEB 11/4/03 7.77 10.20 13.00 91.00

JOEB 12/11/03 12.70 4.00 68.00

JOEB 1/14/04 7.58 13.20 2.00 70.00

JOEB 2/1/04 0.00

JOEB 3/26/04 7.67 10.15 11.00 102.00

JOEB 4/21/04 7.62 9.03 17.00 101.00

JOEB 5/1/04 0.00

JOEB 6/23/04 7.64 17.00 91.00

JOEB 7/16/04 7.71 8.30 20.00 110.00

JOEB 8/27/04 7.61 9.18 17.00 113.00

JOEB 9/1/04 0.00

JOEB 10/15/04 7.61 8.95 15.00 101.00

JOEB 11/1/04 0.00

JOEB 12/4/04 7.79 11.50 6.00 76.00

JOEB 1/12/05 7.45 12.23 5.00 67.00

JOEB 2/5/05 7.38 12.90 3.00 62.00

JOEB 3/18/05 7.57 6.00 85.00

JOEB 4/23/05 7.58 13.00 95.00

JOEB 5/12/05 7.52 13.00 93.00

JOEB 6/28/05 7.54 9.62 14.00 99.00

JOEB 7/22/05 7.53 9.48 15.00 110.00

JOEB 8/25/05 7.69 8.74 16.00 116.00

JOEB 9/16/05 7.55 8.08 19.00 125.00

JOEB 10/26/05 7.74 10.25 12.00 110.00

JOEB 11/18/05 7.68 9.90 7.00 98.00

JOEB 12/30/05 7.64 12.47 4.00 92.00
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Site Date pH DO Temp ANC Cond. NO3 TP
JOEB 1/11/06 7.55 12.67 5.00 82.00

JOEB 2/10/06 7.60 13.02 3.00 71.00

JOEB 3/31/06 7.89 10.55 11.00 90.00

JOEB 4/14/06 7.58 10.18 11.00 96.00

JOEB 5/31/06 7.60 8.30 17.00 103.00

JOEB 6/29/06 7.60 9.37 18.00 89.00

JOEB 7/21/06 7.53 8.88 17.00 100.00

JOEB 8/30/06 7.56 8.34 17.00 92.00

JOEB 9/28/06 7.47 8.24 16.00 109.00

JOEB 10/27/06 7.46 9.69 10.00 98.00

JOEB 11/20/06 7.75 10.90 9.00 85.00

JOEB 12/11/06 7.79 12.15 5.00 72.00

JOEB 1/22/07 7.60 12.85 4.00 65.00

JOEB 2/9/07 7.57 12.26 2.00

JOEB 3/9/07 7.41 15.85 4.00 83.00

JOEB 4/13/07 7.56 12.57 7.00 90.00

JOEB 5/31/07 7.47 9.74 12.00 99.00

JOEB 6/20/07 7.66 8.89 15.00 113.00

JOEB 8/31/07 7.62 8.39 18.50 129.00

JOEB 9/10/07 7.41 7.49 19.30 135.00

JOEB 10/22/07 7.65 7.53 15.80 120.00

JOEB 11/19/07 7.45 11.86 7.10 103.00

JOEB 12/12/07 7.55 10.31 6.90 140.00

JOEB 1/7/08 7.51 11.71 5.60 109.00

JOEB 2/19/08 7.62 12.49 4.00 111.00

JOEB 3/10/08 7.46 12.14 4.10 112.00

JOEB 4/14/08 7.75 10.52 10.40 111.00

JOEB 5/20/08 7.35 10.25 12.40 89.00

JOEB 6/3/08 7.62 9.32 15.20 96.00

JOEB 7/3/08 7.41 9.02 15.30 110.00

JOEB 8/25/08 7.61 10.00

JOEB 9/24/08 7.71 16.00 127.00

JOEB 10/22/08 7.44 9.62 14.09 133.00

JOEB 11/20/08 7.50 14.13 6.50

JOEB 12/17/08 7.25 14.73 4.42

JOEB 1/29/09 0.00

JOEB 2/9/09 7.35 15.23 3.81

JOEB 7/23/09 7.54 8.86 16.70 113.80

JOEB 8/26/09 7.40 8.90 18.82 180.00

JOEB 9/28/09 7.36 8.82 16.67 160.00

JOEB 12/14/09 7.33 12.84 5.88 550.00

JOEB 4/26/10 7.58 9.66 11.50 150.00

JOEB 6/28/10 7.55 9.36 16.70 0.14

JOEB 7/20/10 7.48 9.28 16.90 0.13

JOEB 9/15/10 7.52 8.24 17.30 0.14
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Site Date pH DO Temp ANC Cond. NO3 TP
JOEB 10/28/10 7.61 9.14 14.10 0.12

JOEB 11/18/10 7.49 11.26 8.90 153.30

JOEB 12/2/10 7.67 13.15 6.50 93.20

JOEB 1/5/11 7.37 13.94 2.60 159.40

JOEB 2/24/11 7.17 14.27 2.80 174.50

JOEB 3/29/11 7.33 13.16 6.30 135.30

JOEB 4/15/11 7.29 11.47 10.30 135.10

JOEB 5/23/11 7.51 9.19 18.00 130.00

JOEB 6/23/11 7.49 8.26 17.90 135.80

JOEB 7/26/11 7.46 9.70 15.50 128.80

JOEB 8/29/11 7.47 7.99 17.80 146.50

JOEB 9/19/11 7.54 8.16 17.30 157.50

JOEB 10/24/11 7.61 9.56 13.20 138.70

JOEB 11/28/11 7.52 11.36 9.60 119.30

JOEB 12/13/11 7.31 12.54 5.50 114.60

OCCM 2/10/00 7.37 12.00 3.00 78.00

OCCM 3/10/00 7.36 11.20 8.00 84.00

OCCM 4/24/00 7.57 10.90 10.00 78.00

OCCM 6/2/00 7.36 9.30 15.00 98.00

OCCM 6/29/00 7.63 8.70 16.00 112.00

OCCM 7/21/00 7.44 9.70 15.00 110.00

OCCM 8/30/00 7.57 8.20 18.00 128.00

OCCM 9/28/00 7.73 9.40 12.00 102.00

OCCM 10/1/00 0.00

OCCM 11/8/00 7.41 10.60 9.00 98.00

OCCM 12/4/00 7.58 14.00 1.00 74.00

OCCM 1/4/01 7.61 12.00 75.00

OCCM 3/9/01 7.63 14.00 4.00 85.00

OCCM 4/27/01 7.75 10.70 9.00 89.00

OCCM 5/23/01 7.70 9.20 12.00 104.00

OCCM 6/28/01 7.59 8.80 17.50 129.00

OCCM 7/18/01 7.59 9.20 18.00 132.00

OCCM 8/7/01 7.62 9.00 19.00 136.00

OCCM 9/26/01 7.73 9.40 11.00 105.00

OCCM 10/24/01 7.33 7.00 13.00 139.00

OCCM 11/16/01 7.45 8.80 8.00 123.00

OCCM 12/13/01 7.65 10.10 7.00 113.00

OCCM 1/30/02 7.59 8.80 8.00 117.00

OCCM 2/22/02 7.58 11.20 5.00 100.00

OCCM 3/19/02 7.65 11.20 7.00 101.00

OCCM 4/24/02 7.50 12.00 9.00 107.00

OCCM 5/24/02 7.49 9.30 11.00 112.00

OCCM 6/26/02 7.48 7.60 16.00 146.00

OCCM 7/24/02 7.43 7.50 17.00 162.00

OCCM 8/23/02 7.11 5.40 16.00 118.00
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Site Date pH DO Temp ANC Cond. NO3 TP
OCCM 9/28/02 7.62 8.60 15.00 112.00

OCCM 10/15/02 0.00

OCCM 11/20/02 7.55 10.80 6.00 79.00

OCCM 12/29/02 7.68 13.20 3.00 80.00

OCCM 1/28/03 7.25 14.60 0.00 71.00

OCCM 2/27/03 7.44 14.00 0.00 82.00

OCCM 3/25/03 7.46 12.20 8.00 81.00

OCCM 4/25/03 7.33 11.30 9.00 93.00

OCCM 5/23/03 7.33 10.30 11.00 83.00

OCCM 6/27/03 7.53 8.60 16.00 105.00

OCCM 7/30/03 7.66 8.80 16.00 120.00

OCCM 8/27/03 7.60 8.50 18.00 125.00

OCCM 9/29/03 7.58 9.40 13.00 101.00

OCCM 10/21/03 7.61 10.60 12.00 101.00

OCCM 11/4/03 7.61 9.80 12.00 103.00

OCCM 12/11/03 7.27 13.00 5.00 65.00

OCCM 1/14/04 7.50 13.80 1.00 70.00

OCCM 2/1/04 0.00

OCCM 3/26/04 7.60 11.89 9.00 95.00

OCCM 4/21/04 7.94 9.52 16.00 100.00

OCCM 5/1/04 0.00

OCCM 6/23/04 7.40 15.00 108.00

OCCM 7/16/04 7.63 8.80 18.00 110.00

OCCM 8/27/04 7.65 9.15 18.00 142.00

OCCM 9/1/04 0.00

OCCM 10/15/04 7.74 9.49 12.00 115.00

OCCM 11/1/04 0.00

OCCM 12/4/04 7.57 13.30 4.00 79.00

OCCM 1/12/05 7.50 11.90 5.00 77.00

OCCM 2/5/05 7.37 14.50 1.00 60.00

OCCM 3/18/05 7.55 5.00 80.00

OCCM 4/23/05 7.51 10.00 97.00

OCCM 5/12/05 7.27 13.00 105.00

OCCM 6/28/05 7.49 8.05 17.00 133.00

OCCM 7/22/05 7.54 7.99 19.00 143.00

OCCM 8/25/05 7.68 9.02 15.00 129.00

OCCM 9/16/05 7.48 7.07 18.00 149.00

OCCM 10/26/05 7.59 11.16 9.00 93.00

OCCM 11/18/05 7.29 9.77 4.00 102.00

OCCM 12/30/05 7.52 13.28 4.00 98.00

OCCM 1/11/06 7.37 12.91 5.00 90.00

OCCM 2/10/06 7.32 13.49 3.00 83.00

OCCM 3/31/06 7.46 9.80 12.00 104.00

OCCM 4/14/06 7.33 10.02 11.00 109.00

OCCM 5/31/06 7.53 8.42 15.00 123.00
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Catoctin Mountain Park Natural Resource Condition Assessment

Site Date pH DO Temp ANC Cond. NO3 TP
OCCM 6/29/06 7.35 8.93 16.00 91.00

OCCM 7/21/06 7.71 8.29 19.00 130.00

OCCM 8/30/06 7.69 7.30 19.00 140.00

OCCM 9/28/06 7.39 8.84 14.00 120.00

OCCM 10/27/06 7.57 10.63 7.00 101.00

OCCM 11/20/06 7.54 11.74 7.00 88.00

OCCM 12/11/06 7.57 14.16 4.00 82.00

OCCM 1/22/07 7.32 14.95 2.00 84.00

OCCM 2/9/07 7.28 14.37 0.00 76.00

OCCM 3/9/07 7.26 14.70 3.00 62.00

OCCM 4/13/07 7.45 13.48 5.00 87.00

OCCM 5/31/07 7.61 9.03 15.00 116.00

OCCM 6/20/07 7.64 8.63 17.00 130.00

OCCM 8/31/07 7.48 7.37 18.10 145.00

OCCM 9/10/07 7.44 6.62 18.40 150.00

OCCM 10/22/07 7.37 8.37 12.70 120.00

OCCM 11/19/07 7.40 11.42 5.50 100.00

OCCM 12/12/07 7.31 10.41 7.50 132.00

OCCM 1/7/08 7.35 12.23 5.20 108.00

OCCM 2/19/08 7.57 12.57 3.80 110.00

OCCM 3/10/08 7.40 12.62 3.10 88.00

OCCM 4/14/08 7.50 11.29 8.00 98.00

OCCM 5/20/08 7.26 10.38 10.00 98.00

OCCM 6/3/08 7.45 9.25 13.90 109.00

OCCM 7/3/08 7.52 8.72 15.80 128.00

OCCM 8/25/08 7.40 11.00

OCCM 9/24/08 7.44 12.00 139.00

OCCM 10/22/08 7.03 10.44 8.75 110.00

OCCM 11/20/08 7.32 15.10 4.55

OCCM 12/17/08 6.97 14.51 4.42

OCCM 1/29/09 7.18 15.82 0.96

OCCM 2/9/09 6.66 15.50 1.94

OCCM 7/23/09 7.40 8.08 17.10 127.90

OCCM 8/26/09 6.47 8.46 17.53 210.00

OCCM 9/28/09 6.05 9.50 14.05 180.00

OCCM 12/14/09 6.94 14.36 5.58 160.00

OCCM 4/26/10 7.58 10.44 9.90 150.00

OCCM 6/28/10 7.52 7.52 19.30 0.14

OCCM 7/20/10 7.20 7.70 19.30 0.12

OCCM 9/15/10 7.13 7.41 13.90 0.14

OCCM 10/28/10 7.32 9.03 13.20 0.14

OCCM 11/18/10 7.26 11.93 7.40 156.80

OCCM 12/2/10 8.01 13.41 5.40 127.20

OCCM 1/5/11 7.25 14.61 0.30 179.20

OCCM 2/24/11 7.52 14.90 1.60 161.10
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Site Date pH DO Temp ANC Cond. NO3 TP
OCCM 3/29/11 7.53 14.23 3.50 136.10

OCCM 4/15/11 6.97 11.80 9.00 130.80

OCCM 5/23/11 7.39 10.03 13.50 151.10

OCCM 6/23/11 7.76 8.47 17.40 159.10

OCCM 7/26/11 7.23 8.55 19.70 166.60

OCCM 8/29/11 6.97 8.09 16.10 176.50

OCCM 9/19/11 7.00 8.87 13.90 166.40

OCCM 10/24/11 7.37 10.23 10.70 182.30

OCCM 11/28/11 6.95 10.72 11.10 154.50

OCCM 12/13/11 7.04 13.26 4.20 147.80

OCPC 2/10/00 7.15 12.00 1.00 80.00

OCPC 3/10/00 7.38 11.00 8.00 94.00

OCPC 4/24/00 7.65 10.80 10.00 90.00

OCPC 6/2/00 7.43 8.80 16.00 120.00

OCPC 6/29/00 7.66 8.00 17.00 127.00

OCPC 7/21/00 7.35 9.80 16.00 125.00

OCPC 8/30/00 7.58 8.10 18.00 131.00

OCPC 9/28/00 7.69 9.80 12.00 105.00

OCPC 10/1/00 0.00

OCPC 11/8/00 7.54 10.60 8.00 122.00

OCPC 12/4/00 7.42 15.00 0.00 88.00

OCPC 1/4/01 7.26 12.00 82.00

OCPC 2/14/01 7.42 13.00 4.00 101.00

OCPC 3/9/01 7.31 13.20 3.00 100.00

OCPC 4/27/01 7.68 11.40 9.00 99.00

OCPC 5/23/01 7.51 9.30 12.00 108.00

OCPC 6/28/01 7.61 8.60 18.00 148.00

OCPC 7/18/01 7.55 9.00 18.00 210.00

OCPC 8/7/01 7.60 8.50 21.00 201.00

OCPC 9/26/01 7.67 9.00 12.00 164.00

OCPC 10/24/01 7.51 7.20 13.00 255.00

OCPC 11/16/01 7.53 8.80 7.00 237.00

OCPC 12/13/01 7.65 10.80 6.00 171.00

OCPC 1/30/02 7.47 11.00 7.00 192.00

OCPC 2/22/02 7.59 11.20 4.00 162.00

OCPC 3/19/02 7.64 11.10 6.00 121.00

OCPC 4/24/02 7.58 11.20 9.00 128.00

OCPC 5/24/02 7.35 8.60 11.00 170.00

OCPC 6/26/02 7.58 7.30 18.00 220.00

OCPC 7/24/02 7.80 7.40 19.00 288.00

OCPC 8/23/02 7.88 6.80 20.00 450.00

OCPC 9/28/02 7.64 8.80 16.00 130.00

OCPC 10/15/02 0.00

OCPC 11/20/02 7.32 11.40 5.00 90.00

OCPC 12/29/02 7.62 13.00 2.00 91.00
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Catoctin Mountain Park Natural Resource Condition Assessment

Site Date pH DO Temp ANC Cond. NO3 TP
OCPC 1/28/03 7.15 14.10 0.00 190.00

OCPC 2/27/03 7.47 14.00 0.00 114.00

OCPC 3/25/03 7.39 12.20 8.00 101.00

OCPC 4/25/03 7.55 11.00 9.00 110.00

OCPC 5/23/03 7.55 10.70 10.00 105.00

OCPC 6/27/03 7.64 9.10 17.00 123.00

OCPC 7/30/03 7.73 8.80 17.00 140.00

OCPC 9/29/03 7.48 9.60 13.00 112.00

OCPC 10/21/03 7.50 10.50 12.00 112.00

OCPC 11/4/03 7.61 9.40 13.00 118.00

OCPC 12/11/03 7.17 13.20 4.00 63.00

OCPC 1/14/04 7.52 13.60 1.00 70.00

OCPC 2/1/04 0.00

OCPC 3/26/04 7.62 11.40 10.00 116.00

OCPC 4/21/04 7.75 9.20 16.00 118.00

OCPC 5/1/04 0.00

OCPC 6/23/04 0.00

OCPC 7/16/04 7.71 8.40 18.00 130.00

OCPC 8/27/04 7.81 8.49 19.00 193.00

OCPC 9/1/04 0.00

OCPC 10/15/04 7.67 9.64 12.00 130.00

OCPC 11/1/04 0.00

OCPC 12/4/04 7.66 14.15 2.00 84.00

OCPC 1/12/05 7.48 11.43 5.00 82.00

OCPC 2/5/05 7.54 14.60 1.00 80.00

OCPC 3/18/05 7.59 6.00 91.00

OCPC 4/23/05 7.56 10.00 101.00

OCPC 5/12/05 7.58 14.00 116.00

OCPC 6/28/05 7.68 8.25 18.00 170.00

OCPC 7/22/05 7.65 7.91 22.00 207.00

OCPC 8/25/05 7.77 8.71 16.00 201.00

OCPC 9/16/05 7.59 7.95 19.00 257.00

OCPC 10/26/05 7.67 11.46 9.00 102.00

OCPC 11/18/05 7.45 11.25 3.00 102.00

OCPC 12/30/05 7.55 13.74 4.00 110.00

OCPC 1/11/06 7.44 13.28 5.00 99.00

OCPC 2/10/06 7.47 14.93 1.00 79.00

OCPC 3/31/06 7.49 10.05 12.00 109.00

OCPC 4/14/06 7.40 9.40 11.00 123.00

OCPC 5/31/06 7.53 8.63 16.00 150.00

OCPC 6/29/06 7.45 8.66 17.00 110.00

OCPC 7/21/06 7.66 8.38 19.50 145.00

OCPC 8/30/06 7.73 7.90 20.00 177.00

OCPC 9/28/06 7.67 9.19 14.00 149.00

OCPC 10/27/06 7.91 11.25 7.00 120.00
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Site Date pH DO Temp ANC Cond. NO3 TP
OCPC 11/20/06 7.66 12.41 6.00 93.00

OCPC 12/11/06 7.62 14.51 3.00 85.00

OCPC 1/22/07 7.35 15.47 1.00 82.00

OCPC 3/9/07 7.34 16.18 1.00 91.00

OCPC 4/13/07 7.51 13.73 5.00 85.00

OCPC 5/31/07 7.65 9.26 16.00 130.00

OCPC 6/20/07 7.68 8.75 18.00 133.00

OCPC 8/31/07 7.72 8.06 19.10 215.00

OCPC 9/10/07 7.54 8.00 19.70 245.00

OCPC 10/22/07 7.63 9.29 12.50 245.00

OCPC 11/19/07 7.46 11.87 4.80 135.00

OCPC 12/12/07 7.40 10.61 7.30 172.00

OCPC 1/7/08 7.43 10.87 6.30 130.00

OCPC 2/19/08 7.57 12.77 3.10 125.00

OCPC 3/10/08 7.46 13.21 2.00 92.00

OCPC 4/14/08 7.62 11.57 7.90 103.00

OCPC 5/20/08 7.39 10.13 10.00 97.00

OCPC 6/3/08 7.56 9.28 14.20 112.00

OCPC 7/3/08 7.56 8.54 16.40 137.00

OCPC 8/25/08 7.66 11.00

OCPC 9/24/08 7.80 12.00 182.00

OCPC 10/22/08 7.26 10.96 8.41 172.00

OCPC 11/20/08 7.38 15.47 3.60

OCPC 12/17/08 7.09 14.81 3.91

OCPC 1/29/09 7.09 16.80 0.27

OCPC 2/9/09 6.90 16.12 1.21

OCPC 7/23/09 7.51 8.57 17.90 140.30

OCPC 8/26/09 7.27 9.26 18.54 240.00

OCPC 9/28/09 7.09 9.67 14.26 190.00

OCPC 12/14/09 7.08 14.59 5.22 160.00

OCPC 4/26/10 7.54 10.61 10.00 150.00

OCPC 6/28/10 7.59 8.35 20.40 0.17

OCPC 7/20/10 7.57 8.18 20.60 0.17

OCPC 9/15/10 7.48 7.88 14.60 0.23

OCPC 10/28/10 7.39 9.00 13.30 0.16

OCPC 11/18/10 7.30 11.78 7.10 157.00

OCPC 12/2/10 7.56 13.75 4.70 134.00

OCPC 1/5/11 7.08 14.74 0.00 212.30

OCPC 2/24/11 7.14 14.94 0.70 176.10

OCPC 3/29/11 7.15 14.73 2.70 150.40

OCPC 4/15/11 7.18 11.96 9.10 147.40

OCPC 5/23/11 7.33 10.17 14.30 149.40

OCPC 6/23/11 7.51 8.81 18.30 168.80

OCPC 7/26/11 7.49 8.47 20.70 210.10

OCPC 8/29/11 7.37 8.47 16.60 222.70
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Catoctin Mountain Park Natural Resource Condition Assessment

Site Date pH DO Temp ANC Cond. NO3 TP
OCPC 9/19/11 7.49 9.33 13.90 187.30

OCPC 10/24/11 7.46 10.18 10.40 175.70

OCPC 11/28/11 7.43 10.66 11.30 140.20

OCPC 12/13/11 7.13 13.45 2.90 149.10

PENL 2/10/00 7.24 12.40 2.00 69.00

PENL 3/10/00 7.60 11.30 9.00 82.00

PENL 4/24/00 7.69 10.20 12.00 75.00

PENL 6/2/00 7.51 9.00 17.00 92.00

PENL 6/29/00 7.69 9.80 16.00 98.00

PENL 7/21/00 7.27 9.10 18.00 100.00

PENL 8/30/00 7.71 8.80 19.00 108.00

PENL 9/28/00 7.78 9.70 14.00 98.00

PENL 10/1/00 0.00

PENL 11/8/00 7.68 9.80 10.00 85.00

PENL 12/4/00 7.75 3.00 70.00

PENL 1/4/01 7.62 15.00 63.00

PENL 2/14/01 7.48 12.80 4.00 80.00

PENL 3/9/01 7.43 13.90 4.00 91.00

PENL 4/27/01 7.69 10.40 12.00 83.00

PENL 5/23/01 7.67 9.40 15.00 100.00

PENL 6/28/01 7.47 8.40 19.00 109.00

PENL 7/18/01 7.55 9.60 19.00 103.00

PENL 8/7/01 7.53 9.00 19.00 110.00

PENL 9/26/01 7.63 9.70 12.00 105.00

PENL 10/24/01 7.60 8.80 13.00 100.00

PENL 11/16/01 7.82 9.70 9.00 85.00

PENL 12/13/01 7.70 10.20 91.00

PENL 1/30/02 7.64 10.40 8.00 105.00

PENL 2/22/02 7.78 11.20 5.50 97.00

PENL 3/19/02 7.76 11.70 7.00 111.00

PENL 4/24/02 7.70 10.00 11.00 99.00

PENL 5/24/02 7.49 8.50 16.00 100.00

PENL 6/26/02 7.62 7.80 19.00 112.00

PENL 7/24/02 7.71 7.80 19.00 106.00

PENL 8/23/02 7.80 7.90 18.00 117.00

PENL 9/28/02 7.81 9.20 16.00 123.00

PENL 10/15/02 0.00

PENL 11/20/02 7.54 11.20 7.00 80.00

PENL 12/29/02 7.61 13.70 3.00 73.00

PENL 1/28/03 7.45 15.00 0.00 69.00

PENL 2/27/03 7.64 14.00 1.00 92.00

PENL 3/25/03 7.32 11.60 8.00 81.00

PENL 4/25/03 7.67 11.30 12.00 98.00

PENL 5/23/03 7.52 11.00 11.00 80.00

PENL 6/27/03 7.69 9.80 17.00 96.00
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Site Date pH DO Temp ANC Cond. NO3 TP
PENL 7/30/03 7.78 10.40 14.00 110.00

PENL 9/29/03 7.60 9.60 15.00 84.00

PENL 10/21/03 7.68 10.50 13.00 87.00

PENL 11/4/03 7.72 10.20 13.00 88.00

PENL 12/11/03 4.00 68.00

PENL 1/14/04 7.65 13.30 2.00 68.00

PENL 2/1/04 0.00

PENL 3/26/04 7.76 10.33 11.00 101.00

PENL 4/21/04 7.66 9.02 17.00 101.00

PENL 5/1/04 0.00

PENL 6/23/04 7.69 17.00 87.00

PENL 7/16/04 7.88 8.50 20.00 110.00

PENL 8/27/04 7.85 9.05 18.00 112.00

PENL 9/1/04 0.00

PENL 10/15/04 7.76 9.47 14.00 80.00

PENL 11/1/04 0.00

PENL 12/4/04 7.80 11.88 6.00 73.00

PENL 1/12/05 7.51 12.30 5.00 65.00

PENL 2/5/05 7.48 13.30 3.00 63.00

PENL 3/18/05 7.62 6.00 83.00

PENL 4/23/05 7.64 12.00 92.00

PENL 5/12/05 7.58 13.00 93.00

PENL 6/28/05 7.75 9.30 17.00 102.00

PENL 7/22/05 7.78 9.56 19.00 115.00

PENL 8/25/05 7.81 9.32 16.00 112.00

PENL 9/16/05 7.73 8.77 18.00 122.00

PENL 10/26/05 7.82 10.87 11.00 109.00

PENL 11/18/05 7.79 11.62 5.00 90.00

PENL 12/30/05 7.70 12.43 4.00 100.00

PENL 1/11/06 7.54 12.54 5.00 82.00

PENL 2/10/06 7.62 12.93 3.00 70.00

PENL 3/31/06 7.96 10.55 12.00 90.00

PENL 4/14/06 7.65 10.50 11.00 96.00

PENL 5/31/06 7.64 8.80 17.00 101.00

PENL 6/29/06 7.55 9.37 18.00 89.00

PENL 7/21/06 7.65 9.41 18.00 102.00

PENL 8/30/06 7.74 8.55 19.00 79.00

PENL 9/28/06 7.87 9.71 16.00 102.00

PENL 10/27/06 7.64 11.50 9.00 91.00

PENL 11/20/06 7.79 11.06 9.00 82.00

PENL 12/11/06 7.78 12.44 5.00 71.00

PENL 1/22/07 7.56 13.09 3.00 62.00

PENL 2/9/07 7.69 13.20 1.00 60.00

PENL 3/9/07 7.46 15.87 5.00 85.00

PENL 4/13/07 7.64 12.94 7.00 90.00
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Catoctin Mountain Park Natural Resource Condition Assessment

Site Date pH DO Temp ANC Cond. NO3 TP
PENL 5/31/07 7.54 10.13 13.00 97.00

PENL 6/20/07 7.75 9.21 17.00 117.00

PENL 8/31/07 7.88 9.27 19.20 130.00

PENL 9/10/07 7.61 8.61 20.10 132.00

PENL 10/22/07 7.77 9.38 14.20 120.00

PENL 11/19/07 7.59 11.75 6.00 100.00

PENL 12/12/07 7.65 10.72 7.10 142.00

PENL 1/7/08 7.60 11.81 5.80 90.00

PENL 2/19/08 7.68 12.22 4.00 111.00

PENL 3/10/08 7.50 12.04 4.00 105.00

PENL 4/14/08 7.74 10.61 10.20 110.00

PENL 5/20/08 7.55 10.54 12.30 90.00

PENL 6/3/08 7.69 9.65 15.30 96.00

PENL 7/3/08 7.53 9.46 16.50 110.00

PENL 8/25/08 7.80 12.00

PENL 9/24/08 7.82 14.00 119.00

PENL 10/22/08 7.54 10.86 12.30 143.00

PENL 11/20/08 7.31 15.74 4.69

PENL 12/17/08 7.26 15.01 4.36

PENL 1/29/09 7.16 15.36 2.15

PENL 2/9/09 7.36 15.33 3.51

PENL 7/23/09 7.84 9.30 17.70 103.30

PENL 8/26/09 7.26 10.08 19.00 180.00

PENL 9/28/09 7.34 10.07 15.92 160.00

PENL 12/14/09 7.35 14.39 5.25 150.00

PENL 2/22/10 7.56 13.85 3.70 160.00

PENL 4/26/10 7.75 10.50 11.30 140.00

PENL 6/28/10 8.02 9.76 19.10 0.13

PENL 7/20/10 7.79 9.29 19.70 0.12

PENL 9/15/10 7.89 10.07 16.30 0.14

PENL 10/28/10 7.80 10.56 13.80 0.12

PENL 11/18/10 7.70 12.02 8.00 153.70

PENL 12/2/10 7.54 13.29 6.50 126.90

PENL 1/5/11 7.52 14.79 1.50 157.20

PENL 2/24/11 7.29 14.69 2.50 170.10

PENL 3/29/11 7.39 13.47 6.20 134.10

PENL 4/15/11 7.38 11.50 10.60 135.80

PENL 5/23/11 7.64 9.82 17.40 129.00

PENL 6/23/11 7.70 8.63 19.00 133.90

PENL 7/26/11 7.73 9.92 17.50 124.80

PENL 8/29/11 7.78 9.53 17.80 142.00

PENL 9/19/11 7.86 9.44 15.80 153.80

PENL 10/24/11 7.68 10.30 12.70 138.00

PENL 11/28/11 7.52 11.45 10.00 120.00

PENL 12/13/11 7.34 12.78 5.40 113.90
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Site Date pH DO Temp ANC Cond. NO3 TP
WHST 2/10/00 7.23 12.80 2.00 50.00

WHST 3/10/00 7.47 10.60 10.00 54.00

WHST 4/24/00 7.74 10.40 11.00 57.00

WHST 6/2/00 7.53 9.00 15.00 72.00

WHST 6/29/00 7.73 7.80 18.00 85.00

WHST 7/21/00 7.44 9.40 17.00 100.00

WHST 8/30/00 7.75 7.90 19.00 100.00

WHST 9/28/00 7.85 9.20 12.00 105.00

WHST 10/1/00 0.00

WHST 11/8/00 7.62 9.40 10.00 83.00

WHST 12/4/00 7.80 1.00 60.00

WHST 1/4/01 7.54 12.00 38.00

WHST 2/14/01 7.52 12.60 5.00 61.00

WHST 3/9/01 7.34 13.80 3.00 73.00

WHST 4/27/01 7.64 10.70 10.00 52.00

WHST 5/23/01 7.59 9.90 12.00 83.00

WHST 6/28/01 7.56 7.10 19.00 90.00

WHST 7/18/01 7.51 9.10 19.00 92.00

WHST 8/7/01 7.80 6.12 22.50 115.00

WHST 9/26/01 7.78 9.60 11.00 128.00

WHST 10/24/01 7.61 7.50 14.00 105.00

WHST 11/16/01 7.56 9.00 9.00 71.00

WHST 12/13/01 7.77 10.70 7.00 58.00

WHST 1/30/02 7.62 9.90 8.00 100.00

WHST 2/22/02 7.65 10.20 5.00 86.00

WHST 3/19/02 7.82 10.90 8.00 79.00

WHST 4/24/02 7.80 10.70 10.00 85.00

WHST 5/24/02 7.68 9.40 13.00 89.00

WHST 6/26/02 7.57 6.60 20.00 139.00

WHST 7/24/02 7.74 7.00 20.00 113.00

WHST 9/28/02 7.83 8.90 16.00 109.00

WHST 10/15/02 0.00

WHST 11/20/02 7.60 11.60 7.00 70.00

WHST 12/29/02 7.70 12.80 3.00 57.00

WHST 1/28/03 7.36 15.00 0.00 32.00

WHST 2/27/03 7.88 14.60 0.00 51.00

WHST 3/25/03 7.52 11.20 9.00 50.00

WHST 4/25/03 7.61 11.40 11.00 62.00

WHST 5/23/03 7.47 10.60 11.00 50.00

WHST 6/27/03 7.61 9.20 18.00 71.00

WHST 7/30/03 7.88 8.60 17.00 68.00

WHST 9/29/03 7.59 9.30 13.00 67.00

WHST 10/21/03 7.61 10.30 12.00 70.00

WHST 11/4/03 7.80 9.20 14.00 77.00

WHST 12/11/03 12.20 6.00 51.00
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Site Date pH DO Temp ANC Cond. NO3 TP
WHST 1/14/04 7.59 13.60 1.00 28.00

WHST 2/1/04 0.00

WHST 3/26/04 7.61 9.74 12.00 61.00

WHST 4/21/04 7.65 8.65 17.00 63.00

WHST 5/1/04 0.00

WHST 6/23/04 0.00

WHST 7/16/04 7.74 8.20 20.00 80.00

WHST 8/27/04 7.90 8.05 20.00 100.00

WHST 9/1/04 0.00

WHST 10/15/04 7.83 9.58 13.00 80.00

WHST 11/1/04 0.00

WHST 12/4/04 7.79 11.65 5.00 59.00

WHST 1/12/05 7.45 11.60 6.00 52.00

WHST 2/5/05 7.35 13.20 3.00 41.00

WHST 3/18/05 7.67 6.00 52.00

WHST 4/23/05 7.63 11.00 60.00

WHST 5/12/05 7.64 14.00 67.00

WHST 6/28/05 7.74 7.62 19.00 79.00

WHST 7/22/05 7.70 7.92 21.00 108.00

WHST 8/25/05 7.95 8.70 16.00 99.00

WHST 9/16/05 7.68 8.15 19.00 159.00

WHST 10/26/05 7.88 10.85 10.00 90.00

WHST 11/18/05 7.75 11.30 3.00 80.00

WHST 12/30/05 7.78 12.19 5.00 80.00

WHST 1/11/06 7.71 12.31 5.00 58.00

WHST 2/10/06 7.65 13.29 2.00 43.00

WHST 3/31/06 7.81 10.50 12.00 62.00

WHST 4/14/06 7.50 8.03 11.00 78.00

WHST 5/31/06 7.69 8.57 17.00 62.00

WHST 6/29/06 7.75 9.74 17.00 81.00

WHST 7/21/06 7.71 7.81 21.00 95.00

WHST 8/30/06 7.91 7.58 21.00 101.00

WHST 9/28/06 7.67 8.16 14.00 85.00

WHST 10/27/06 7.62 10.94 7.00 80.00

WHST 11/20/06 7.83 11.34 8.00 71.00

WHST 12/11/06 7.82 12.37 5.00 62.00

WHST 1/22/07 7.62 12.94 2.00 45.00

WHST 2/9/07 7.56 12.95 0.00

WHST 3/9/07 7.45 15.15 4.00 53.00

WHST 4/13/07 7.57 12.34 6.00 60.00

WHST 5/31/07 7.72 8.69 16.00 68.00

WHST 6/20/07 7.83 8.25 18.00 102.00

WHST 8/31/07 7.86 7.58 20.00 121.00

WHST 9/10/07 7.64 6.67 20.60 125.00

WHST 10/22/07 7.85 8.70 12.90 105.00
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Site Date pH DO Temp ANC Cond. NO3 TP
WHST 11/19/07 7.59 11.19 5.50 80.00

WHST 12/12/07 7.59 10.13 8.00 130.00

WHST 1/7/08 7.44 11.06 6.20 81.00

WHST 2/19/08 7.70 11.45 4.50 80.00

WHST 3/10/08 7.62 12.59 3.00 55.00

WHST 4/14/08 7.84 10.30 9.20 70.00

WHST 5/20/08 7.51 10.95 10.40 56.00

WHST 6/3/08 7.70 9.85 14.30 58.00

WHST 7/3/08 7.66 8.59 17.10 76.00

WHST 8/25/08 7.79 13.00

WHST 9/24/08 7.89 13.00 115.00

WHST 10/22/08 7.38 9.85 9.30 103.00

WHST 11/20/08 7.49 15.14 4.48

WHST 12/17/08 7.21 14.38 5.22

WHST 1/29/09 7.34 16.72 0.37

WHST 2/9/09 7.37 15.73 2.84

WHST 7/23/09 7.63 7.56 18.30 71.30

WHST 8/26/09 7.33 8.04 19.16 140.00

WHST 9/28/09 7.42 9.21 14.91 150.00

WHST 12/14/09 7.35 13.59 6.71 120.00

WHST 2/22/10 7.63 13.57 3.50 90.00

WHST 4/26/10 7.37 10.39 10.40 90.00

WHST 6/28/10 7.66 5.73 21.00 0.07

WHST 7/20/10 7.61 7.00 21.20 0.08

WHST 9/15/10 7.78 7.68 15.20 0.10

WHST 10/28/10 7.72 8.27 14.20 0.12

WHST 11/18/10 7.68 11.86 8.50 125.00

WHST 1/5/11 7.42 15.02 0.20 107.60

WHST 2/24/11 7.36 14.84 1.80 115.60

WHST 3/29/11 7.45 13.85 4.30 79.40

WHST 4/15/11 7.46 11.61 9.90 86.80

WHST 5/23/11 7.35 9.66 15.00 94.10

WHST 6/23/11 7.42 7.90 19.10 85.60

WHST 7/26/11 7.63 5.93 21.80 100.70

WHST 8/29/11 7.64 6.18 17.70 121.40

WHST 9/19/11 7.76 7.48 14.20 118.00

WHST 10/24/11 7.65 9.36 11.00 110.20

WHST 11/28/11 7.62 10.46 12.10 83.60

WHST 12/13/11 7.45 12.62 4.90 79.20

Overall median 7.6 9.8 11.0 564 115 1.0 0.078
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Table A-3. Deer density (deer/km2) in CATO. Deer 
monitoring sites are shown in Figure 4.38.

Year Density
2001 71.75

2002 60.01

2003 74.54

2004 40.17

2005 28.39

2006 34.87

2007 40.39

2008 44.13

2009 47.66

2010 33.74

2011 31.40

Overall median 40.39
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The Department of the Interior protects and manages the nation’s natural resources and cultural heritage; provides scientific and 
other information about those resources; and honors its special responsibilities to American Indians, Alaska Natives, and affiliated 
Island Communities.

NPS 841/123237, December 2013
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