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COVER PHOTOGRAPHY: From top left, continuing clockwise: Pocono Creek 
(POCOCR17, looking upstream from Sullivan Trail Bridge; Lehigh River (LEHIRI01, 
looking upstream from site); Tobyhanna Creek (TOBYCR14, looking upstream from S.R. 
115); Tunkhannock Creek (TUNKCR07, looking upstream from stone bridge on Hypsy 
Gap Road).   
Photography by Amy Seidel, Monroe County Planning Commission, 2008.  
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Introduction and Background 
 

The Monroe County Annual Water Quality Study has been administered by the Monroe County 

Planning Commission with collaboration from the Monroe County Conservation District for the 

past 23 years, commencing from its inception in 1985.  These hydrological surveys consisted of 

two basic types: (1) groundwater i.e. wells and (2) surface water i.e. streams.  The groundwater 

consisted only of chemical analysis and was discontinued as of 1989.  The surface water 

included analyses of benthic macroinvertebrates and physical parameters i.e. habitat evaluations 

and chemical parameters (MCPC 2007).   

 

During 1993, the United States Environmental Protection Agency (EPA) evaluated the current 

statistical analyses for the water quality study, and the County began utilization of EPAôs Rapid 

Bioassessment Protocols (RBPs).  These RBPs examine water quality as it relates to the 

macroinvertebrate community and the associated habitat.  It was decided to implement an EPA 

modified subecoregion format, which included four ecological zone types for Monroe County: 

North Central Appalachians of Pocono High Plateau and the Low Pocono; Ridge and Valley of 

the Northern Shale Valleys and the Northern Sandstone Ridges.  These subecoregions were 

chosen due to the glaciation that formed the substrata and were grouped according to soil type.   

 

The intent of an assigned ecoregion is to provide a spatial framework for the assessment, 

inventory, monitoring and management of an ecosystem.  These ecoregions have no political 

boundaries, and contain areas that harbor predictable patterns that are critical for configuration 

and implementation of ecosystem management approaches (EPA 2007).  

 

From these initial steps toward the refinement of data, the County chose to implement a family 

level Index of Biological Integrity (IBI) that utilized regional reference streams to develop an 

assemblage of metrics; a group of statistical equations that embody the IBI for Monroe County.  

Biological monitoring is the first step toward the protection of life in running waters and through 

measurement and evaluation surveys, the ecological health of these systems can be tracked (Karr 

et al. 1999).   
 

The next change to the Study took place in 2003 when the County changed from a subjective 

evaluation of the stream bottom to an objective format (pebble counts).  The particle size is 

indicative of which type of organism has the ability to colonize that area.   The addition of 

pebble counts allows for the analysis of transition of particles in transport.  Figure 1 in Volume II 

details how transition occurs, i.e. the bed load of a stream, such as particles of sand, gravel, or 

soil carried by the natural flow of a stream on or immediately above its bed.   

 

The 2003 study incorporated sites in support of the Paradise Creek Watershed Management Plan.  

The study now buttresses two Watershed Management Plans, the Framework for Sustainable 

Watershed Management for Pocono Creek (2009) and the Paradise Creek Watershed 

Management Plan (2005).   
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These studies utilized the water quality study data as a tool for determining current conditions of 

the watershed, as well as to indicate success of the management plans after completion.  The 

County water quality study has proven to be an invaluable resource of existing data for these 

plans and is intended to be the tool used to monitor success (MCPC 2007). 

 

For the 2008 water quality study, the County chose to implement genus level IBIs and was 

awarded a grant from the Pennsylvania Department of Environmental Protection (DEP) - Section 

205(j)(1)/604(b) for surface water assessments.  In order to be a recipient for this grant, the 

County had to become consistent with the current state protocols.  These modified RBPs depict 

the sampling approach, which is either the single most productive habitat (riffle-run) or the 

multihabitat (low gradient) approach. 

 
The County employed two types of biological sampling procedures presently utilized by the DEP 

within Monroe County for the assessment of macroinvertebrates.  They are the Instream 

Comprehensive Evaluation (I.C.E.) for antidegradation aquatic life uses for riffle-run streams, 

and the multihabitat approach for low gradient streams that naturally lack riffles. Both protocols 

require the D-frame aquatic dip net method for collections.  These are innovative assessment 

protocols which provide more intensive field surveys and water quality approaches than 

previously used.  Monroe Countyôs previous sampling protocols required utilizing a kick seine 

for the collection of macroinvertebrates.  Volstad, et al. argue that D-Net sampling protocols 

offer a higher level of reliability for benthic IBIs, attributable to a superior representation of a 

particular stream segment versus the previous kick seine protocol.  The DEP protocols were 

employed and the results will be used to determine and define impairment status for Monroe 

County streams.  Through the execution of this grant, the County was able to monitor additional 

locales, purchase sampling equipment and has the ability to conduct future monitoring requests 

that may arise in our rapidly developing watersheds. 

   

Macroinvertebrates are now identified to the genus level of taxonomy, and then statistical 

equations are completed and incorporated into the IBI which is utilized to evaluate the health of 

the aquatic ecological unit.  The next adjustment required the study to increase the collection 

sample size of macroinvertebrates (previously 100 specimens) to a 200 count, which provides a 

more precise level of in depth analysis for evaluations of the aquatic ecosystem.  For this yearôs 
study, attention was given toward defining stream segments.  DEP defines a stream segment as 

the portion of a stream between an upstream tributary and the next downstream tributary.  The 

underlying principle for segmenting streams is that tributaries have the ability to transport 

pollution loads and/or dilution waters in quantities adequate to affect the water quality of the 

receiving stream (PaDEP 2008).   
 

The additional data collected throughout Monroe Countyôs aquatic ecosystems can be utilized to 

address chronic problem areas, produce recommendations for remediation and support watershed 

associationsô requests.  The comprehensive database being generated will allow for long term 

trending of the water quality.   
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RESULTS 
 

The following pages depict completed site evaluations which consist of the data collected from 

the 2008 field surveys.  This information is utilized to describe and interpret data for the 

evaluation of the health of the streams according to statistically interpreted results.  There are 4 

types of parameters presented in the following pages which include the total macroinvertebrate 

biological scores, surface water parameters, habitat scores and pebble counts.  The 

macroinvertebrates have been statistically analyzed and incorporated into the tables below to 

examine how these streams compare according to the state wide scoring schemes, and the total 

adjusted and standardized scoring table is presented.  There are two methods for gathering and 

interpreting macroinvertebrate data, either the riffle-run or multihabitat Aquatic Life Use (ALU) 

benchmarks, which produces a score for interpretation.  Additional information pertaining to the 

macroinvertebrate data is located in Appendix A.  The surface water parameters analyze 

chemical constituents identified in the surface water samples collected.  Additional information 

pertaining to the surface water parameters is located in Appendix B.  The habitat results below 

describe the instream characteristics as well as the riparian buffer to determine if the area is able 

to support healthy macroinvertebrate and fish communities.  Additional information pertaining to 

the habitat scores are located in Appendix C.  The pebble count represents a numerical 

description of the conditions identified on the stream floor.  Somewhat of a cross-section, this 

representation aids in identifying which sites have optimal, marginal or poor habitat available for 

aquatic organisms to colonize.  Additional information pertaining to the pebble counts is located 

in Appendix D.  This data is presented according to watersheds and the site identification 

numbering system.  
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Aquashicola Creek Watershed 
Aquashicola Creek (HQ-CWF, MF)  

Monroe County Water Quality Study Site Assessment:  
AQUACR11 ς Ross Township 

 
Method-  Multihabitat Assessment 10-DFrame Composite. 
Location-  Immediately upstream of bridge on Mt. Eaton Road. 

 

 

Habitat Summary 
Substrate for Macroinvertebrates 14 
Pool Variability 11 

Channel Alteration 13 
Sediment Deposition 12 

Channel Flow Status 19 
Condition of Banks 18 

Bank Vegetative Protection 20 
Riparian Vegetative Zone Width 15 

Pool Substrate Characterization 15 

Total Habitat Score 137 
 

Surface Water Parameters 
Volume of Flow 0.81 
Water Temperature 14.79 

Dissolved Oxygen 10.42 
pH (Field) 7.48 

Specific Conductance 289 
Total Hardness 125 
Total Alkalinity (CaCO3) 99 

Nitrogen 1.3 
Nitrate (NO3) 1.29 

Nitrite (NO2) 0.006 
Chloride 14.2 

TDS (Total Dissolved 
Solids) 

145 

Fecal Coliform 250 EST 
pH (Lab) 7.25 

Metric Standardization Equations 
Metric Standardization 

Equation 
Observed Metric 

Value 
Normalized 

Metric 
Score 

Adjusted 
Metric 
Score 

Maximum 
= 100 

EPT (Observed 
value / 17) × 
100 

8 47.06 47.06 

Taxa 
Richness 

(Observed 
value / 31) × 
100 

21 67.74 67.74 

Beck4 Observed value 
/ 22) × 100 

8 36.36 36.36 

Shannon 
Diversity 

Observed value 
/ 2.43) × 100 

2.35867612458599 0.97 97.06 

# Of 
Caddisfly 
Taxa 

(Observed 
value / 11) × 
100 

2 18.18 18.18 

# Of 
Mayfly 
Taxa 

(Observed 
value / 6) × 100 

4 66.67 66.67 

Average of adjusted normalized core metric scores = Total 
Biological Score 

55.51 

 

Pebble Count 
Pebble Type Axis of Particle size 

(mm) 
Count 

Fine Sand > 0.125 - 0.25 2 
Medium Sand > 0.25 - 0.5 7 

Coarse Sand > 0.5 - 1 13 
Very Coarse Sand > 1 - 2 20 

Very Fine Gravel > 2 - 4 26 
Fine Gravel > 4 - 6 18 

Fine Gravel > 6 - 8 6 
Medium Gravel > 8 - 11 5 

Medium Gravel > 11 - 16 2 
Coarse Gravel > 16 - 23 1 

Total Count  100 

 
 
This site rated as optimal for habitat with a score of 137 out of a total score of 180. The total macroinvertebrate biological score is 55.51, which 
attained the benchmark of 55 ALU for designation. The surface water parameters were within acceptable limits, except fecal coliform. The 
average pebble count particle size is represented as the D-50, for this site it is 2.5 mm.  The total macroinvertebrates collected at this site was 
201. 
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Aquashicola Creek (HQ-CWF, MF)  

Monroe County Water Quality Study Site Assessment:  
AQUACR12 ς Lower Towamensing Township, Carbon County 

 
Method-  Riffle/Run Assessment 6 D-Frame Composite. 
Location-  Approximately 538 yards upstream of confluence with Buckwha Creek. 

 

 

Habitat Summary 
Instream Cover 13 
Substrate for Macroinvertebrates 18 

Channel Alteration 20 
Sediment Deposition 17 

Channel Flow Status 20 
Condition of Banks 16 

Bank Vegetative Protection 20 
Grazing or Other Disruptive Pressure 15 

Riparian Vegetative Zone Width 14 
Embeddedness 15 

Velocity/Depth Regimes 17 
Frequency of Riffles 17 

Total Habitat Score 202 
 

Metric Standardization Equations 
Metric Standardization 

Equation 
Observed Metric 

Value 
Standardized 
Metric Score 

Adjusted 
Standardized 
Metric Score 
Maximum = 

1.000 

Modified 
Beck's 
Index 

Observed value 
/ 39 

6 0.154 0.154 

EPT Taxa 
Richness 

Observed value 
/ 23 

12 0.522 0.522 

Total Taxa 
Richness 

Observed value 
/ 35 

23 0.657 0.657 

Shannon 
Diversity 
Index 

Observed value 
/ 2.90 

2.44003422842926 0.841 0.841 

Hilsenhoff 
Biotic 
Index 

(10 - Observed 
value) / (10 - 
1.78) 

3.86528497409326 0.746 0.746 

Percent 
Intolerant 
Individuals 

Observed value 
/ 92.5 

69.5652173913043 0.752 0.752 

Average of adjusted standardized core metric scores * 100 = IBI 
Score 

61.2 

 

 

Surface Water Parameters 
Volume of Flow 11.32 

Water Temperature 18.33 
Dissolved Oxygen 9.87 

pH (Field) 8.05 
Specific Conductance 189 

Total Hardness 87 
Total Alkalinity 
(CaCO3) 

75 

Nitrogen 0.21 

Nitrate (NO3) 0.21 
Chloride 6.74 
TDS (Total Dissolved 
Solids) 

95 

Fecal Coliform 210 EST 

pH (Lab) 7.41 
 

Pebble Count 
Pebble Type Axis of Particle size (mm) Count 

Silt/Clay < 0 - 0.062 3 
Very Fine Sand 0.062 - 0.125 1 

Medium Sand > 0.25 - 0.5 1 
Coarse Sand > 0.5 - 1 1 

Very Coarse Sand > 1 - 2 3 
Very Fine Gravel > 2 - 4 2 

Fine Gravel > 4 - 6 2 
Fine Gravel > 6 - 8 2 

Medium Gravel > 8 - 11 9 
Medium Gravel > 11 - 16 7 

Coarse Gravel > 16 - 23 9 
Coarse Gravel > 23 - 32 4 
Very Coarse Gravel > 32 - 45 14 

Very Coarse Gravel > 45 - 64 12 
Small Cobble > 64 - 90 16 

Medium Cobble > 90 - 128 7 
Very Large Cobble > 180 - 256 7 

Total Count  100 
 

 

This site rated as optimal for habitat with a score of 202 out of a total score of 240. The total macroinvertebrate biological score is 61.2, which 
did not attain the benchmark of 80 ALU for HQ designation.  The surface water parameters were within acceptable limits, except fecal coliform.  
The average pebble count particle size is represented as the D-50, for this site it is 37 mm. The total macroinvertebrates collected at this site 
was 193.  
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Buckwha Creek (CWF) 

Monroe County Water Quality Study Site Assessment:  
BUCKCR01 ς Eldred Township 

 
Method-  Riffle/Run Assessment 6 D-Frame Composite. 
Location-  Approximately 200 yards downstream of stone bridge in Kunkletown. 

 

 

Habitat Summary 
Instream Cover 15 
Substrate for Macroinvertebrates 15 

Channel Alteration 19 
Sediment Deposition 14 

Channel Flow Status 16 
Condition of Banks 15 

Bank Vegetative Protection 19 
Grazing or Other Disruptive Pressure 12 

Riparian Vegetative Zone Width 5 
Embeddedness 16 

Velocity/Depth Regimes 20 
Frequency of Riffles 13 

Total Habitat Score 179 
 

Surface Water Parameters 
Volume of Flow 3.23 

Water Temperature 16.63 
Dissolved Oxygen 9.2 

pH (Field) 7.36 
Specific Conductance 83 

Total Hardness 38 
Total Alkalinity 
(CaCO3) 

25 

Nitrogen 0.699 

Nitrate (NO3) 0.699 
Chloride 11.3 

TDS (Total Dissolved 
Solids) 

41 

Fecal Coliform 110 EST 

pH (Lab) 7.04 

Metric Standardization Equations 
Metric Standardization 

Equation 
Observed Metric 

Value 
Standardized 
Metric Score 

Adjusted 
Standardized 
Metric Score 
Maximum = 

1.000 

Modified 
Beck's 
Index 

Observed value 
/ 39 

15 0.385 0.385 

EPT Taxa 
Richness 

Observed value 
/ 23 

11 0.478 0.478 

Total Taxa 
Richness 

Observed value 
/ 35 

22 0.629 0.629 

Shannon 
Diversity 
Index 

Observed value 
/ 2.90 

2.31803839742845 0.799 0.799 

Hilsenhoff 
Biotic 
Index 

(10 - Observed 
value) / (10 - 
1.78) 

3.73737373737374 0.762 0.762 

Percent 
Intolerant 
Individuals 

Observed value 
/ 92.5 

72.7272727272727 0.786 0.786 

Average of adjusted standardized core metric scores * 100 = IBI 
Score 

63.983 

 

Pebble Count 
Pebble Type Axis of Particle size (mm) Count 

Silt/Clay < 0 - 0.062 10 
Very Fine Sand 0.062 - 0.125 2 

Fine Sand > 0.125 - 0.25 4 
Coarse Sand > 0.5 - 1 1 

Very Coarse Sand > 1 - 2 2 
Fine Gravel > 4 - 6 5 
Fine Gravel > 6 - 8 3 

Medium Gravel > 8 - 11 3 
Medium Gravel > 11 - 16 9 

Coarse Gravel > 16 - 23 12 
Coarse Gravel > 23 - 32 17 

Very Coarse Gravel > 32 - 45 20 
Very Coarse Gravel > 45 - 64 8 

Small Cobble > 64 - 90 3 
Medium Cobble > 90 - 128 1 

Total Count  100 

 
 
This site rated as suboptimal for habitat with a score of 179 out of a total score of 240. The total macroinvertebrate biological score   of 63.9, 
which did attain the benchmark of 63 ALU for CWF designation. The surface water parameters were within acceptable limits. The average 
pebble count particle size is represented as the D-50, for this site it is 21.4 mm. The total macroinvertebrates collected at this site was 198.   
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Buckwha Creek (CWF) 

Monroe County Water Quality Study Site Assessment:  
BUCKCR05 ς Eldred Township 

 
Method-  Multihabitat Assessment 10-DFrame Composite. 
Location-  Approximately 25 yards upstream of confluence with Princess Run. 

 

 

Habitat Summary 
Substrate for Macroinvertebrates 16 
Pool Variability 15 

Channel Alteration 19 
Sediment Deposition 13 

Channel Flow Status 19 
Condition of Banks 15 

Bank Vegetative Protection 17 
Riparian Vegetative Zone Width 2 

Pool Substrate Characterization 15 
Total Habitat Score 131 

 

Surface Water Parameters 
Volume of Flow 0 

Water Temperature 20.23 
Dissolved Oxygen 10.59 

pH (Field) 7.59 
Specific Conductance 118 

Total Hardness 38 
Total Alkalinity 
(CaCO3) 

26 

Nitrogen 0.465 

Nitrate (NO3) 0.465 
Chloride 12.1 
TDS (Total Dissolved 
Solids) 

59 

Fecal Coliform 120 EST 

pH (Lab) 7.01 

Metric Standardization Equations 
Metric Standardization 

Equation 
Observed Metric 

Value 
Normalized 

Metric 
Score 

Adjusted 
Metric 
Score 

Maximum 
= 100 

EPT (Observed 
value / 17) × 
100 

5 29.41 29.41 

Taxa 
Richness 

(Observed 
value / 31) × 
100 

20 64.52 64.52 

Beck4 Observed value 
/ 22) × 100 

5 22.73 22.73 

Shannon 
Diversity 

Observed value 
/ 2.43) × 100 

2.05047799529694 0.84 84.38 

# Of 
Caddisfly 
Taxa 

(Observed 
value / 11) × 
100 

4 36.36 36.36 

# Of 
Mayfly 
Taxa 

(Observed 
value / 6) × 100 

1 16.67 16.67 

Average of adjusted normalized core metric scores = Total 
Biological Score 

42.34 

 

Pebble Count 
Pebble Type Axis of Particle size 

(mm) 
Count 

Silt/Clay < 0 - 0.062 23 
Coarse Sand > 0.5 - 1 9 

Very Coarse Sand > 1 - 2 4 
Very Fine Gravel > 2 - 4 3 

Fine Gravel > 4 - 6 6 
Fine Gravel > 6 - 8 3 

Medium Gravel > 8 - 11 19 
Medium Gravel > 11 - 16 8 

Coarse Gravel > 16 - 23 9 
Coarse Gravel > 23 - 32 9 
Very Coarse Gravel > 32 - 45 3 

Very Coarse Gravel > 45 - 64 2 
Small Cobble > 64 - 90 2 

Total Count  100 

 
 
This site rated as suboptimal for habitat with a score of 131 out of a total score of 180.  The total macroinvertebrate biological score is 
42.3, which did not attain the benchmark of 55 ALU for designation.  The surface water parameters were within acceptable limits, except 
temperature. This site recorded no flow. The average pebble count particle size is represented as the D-50, for this site it is 8.3 mm.  
The total macroinvertebrates collected at this site was 197. 
 




