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Stream Health in the Deep Creek Lake Watershed

• Importance of Streams and Rivers

• DCL Streams: Statistics

• Water Quality Standards 

• Current Monitoring Programs 

• Stream Condition

– Water Quality

– Biodiversity and Stream Health

• Threats\Stressors\Pollution Sources

• DCL Watershed Characteristics (e.g. Land Use)

• Management Recommendations

Overview
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• Drinking Water Supply – thousands rely on water from S&Rs

• Flood and Erosion Protection – storage capacity

• Groundwater Recharge - water enters through the streambed

• Pollution Reduction – retain sediment and absorb excess nutrients

• Wildlife Habitat - fish, amphibians, mussels, crayfish, birds and 

mammals

• Economic Importance – recreation (e.g., fishing, hunting), 

agriculture and manufacturing

Importance of Streams and Rivers

http://water.epa.gov/type/rsl/

Streams and Rivers referred to as lotic systems = flowing water
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StrahlerStrahler’’ss Stream OrderStream Order

Stream Order Stream Order –– a way to a way to 

classify streamsclassify streams\\rivers based rivers based 

on sizeon size

Average Stream WidthAverage Stream Width

Statewide: MBSS dataStatewide: MBSS data

11stst order  =  ~ 7.5 feetorder  =  ~ 7.5 feet

22ndnd order =  ~ 16 feetorder =  ~ 16 feet

33rdrd order =  ~ 28 feetorder =  ~ 28 feet



Stream Health in the Deep Creek Lake Watershed

13.22.53.77.0Miles 

5.0%23.9%71.1%Percent of Total

18.9%28.0%53.0%Percent of Total

Total Stream Miles3rd Order2nd Order1st OrderCherry Creek (0029)

0%19.9%80.1%Percent of Total

14.602.911.7Miles 

Total Stream Miles3rd Order2nd Order1st OrderDCL North (0028) 

0%24.1%75.9%Percent of Total

21.605.216.4Miles 

Total Stream Miles3rd Order2nd Order1st OrderDCL South (0027)

12-digit Watersheds

49.42.511.835.1Miles 

Total Miles3rd Order2nd Order1st OrderDeep Creek Lake (Total)

Miles of DCL Streams Miles of DCL Streams -- 1:24,000 NHD1:24,000 NHD
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USGS StreamStats

• Web-based Geographic Information System that provides:

• Streamflow statistics (actual or estimates) 

• Drainage basin characteristics, including:

� Land Use (e.g., % forest and impervious area)

� Watershed Size

� Soil Types (Percent)

• Useful information for water resources planning and 

management
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Meadow Mountain Run



Stream Health in the Deep Creek Lake Watershed

StreamStats Sites
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• 67 streams flow into DCL

From Surface Waters....

• 20 streams contribute ~ 75% 

of surface flow to DCL

• 7 streams contribute ~ 50% 

of surface flow to DCL

• Cherry Creek  ~18%

of surface flow to DCL

• Percent forest (minimum = 0)

• Percent impervious 

(maximum = 25)

Findings:StreamStats

1.734.6Unnamed Tributary - North Glade Cove

49.776.9
PK2 = maximum instantaneous flow that occurs on 

average once in 2 years

17.917.9369Cherry Creek

6.96.9142Meadow Mountain Run

6.86.8139North Glade Run

6.66.6136Red Run

4.54.593.2Pawn Run

3.63.674.5Green Glade Run

3.43.469.4Unnamed Tributary 29 crossing Glendale Road

3.367.3Deep Creek

3.163Unnamed Tributary 36, North of Garrett Hill

2.448.5Smith Run

2.346.6Gravelly Run

2.245.8Unnamed Tributary 39 crossing Ardsley Farm Road

2.144.1Unnamed Tributary 3 west of Mosser Hollow Drive

1.837.4Hoop Pole Run

1.837.3Unnamed Tributary 43, east of Pine Tree Point Road

1.735.4Unnamed Tributary 40 crossing Steiding Church Road

1.734Poland Run

1.633.1Unnamed Tributary 6, East of Brenneman Lane

1.632.6Shingle Camp Hollow

% Total% TotalPK2 (cfs)Stream Name
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Water Quality Standards - MDE
Purpose: protect, maintain and improve water quality

Three Main Components
1. Designated Uses

– Use I – Water Contact Recreation and Non-tidal Warmwater Aquatic 
Life

– Use II – Support Estuarine and Marine Aquatic Life and Shellfish 
Harvesting

– Use III – Non-tidal Coldwater 

– Use IV – Recreational Trout Waters

2. Water Quality Criteria to protect those uses

3. Antidegradation Policy
– Tier I Existing Uses/Minimal Standards

– Tier II High Quality Waters

– Tier III Outstanding National Resource Waters (ONRW)
http://www.mde.maryland.gov/programs/Water/TMDL/Water%20Quality%20Standards/Pages/programs/waterprograms/tmdl/wqstandards/index.aspx
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Maryland's Designated Uses for Surface Waters
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Non-tidal Coldwater and 

Public Water Supply

DCL StreamsDCL Streams
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Water Quality Criteria Specific to Designated Uses
COMAR 26.08.02.02 

• pH – 6.5 to 8.5

• Dissolved Oxygen – not less than 5 mg/L at any time with a

minimum daily average ≥ 6 mg/L

• Temperature – may not exceed 68°F (20°C) outside of the

mixing zone 

• Turbidity – may not exceed 150 units at any time or 50 units

as a monthly average (measurements in Nephelometric

Turbidity Units, or NTUs)

• Others include: Bacteriological, Color, Toxic Substances 

http://www.dsd.state.md.us/comar/getfile.aspx?file=26.08.02.03-3.htm

Use III-P (subset of Criteria)
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~ 250 Tier II Stream Segments throughout Maryland

Tier II Map

Water Quality Standards

Antidegradation Policy: Tier I, Tier II or Tier III 
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Tier II: High Quality Waters in Maryland

• Identified via DNR/MBSS stream sampling data

• Biological communities

� Benthic macroinvertebrates

� Fishes

• Useful indicators of ecological health

MDE/DNR Collaboration
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• DNR Programs, including:

� Maryland Biological Stream Survey (MBSS)

� Stream Waders (SW)

� Core\Trend Program (CoreTrend)

� DCL Management Office (DCLMO)

� Marcellus Monitoring Coalition (MMC)

� Maryland Synoptic Stream Chemistry Survey (MSSCS)

� Special Project: Poland Run

• MDE Programs

� Bureau of Mines (BOM)

� Science Services Administration (SSA)

Current Monitoring Programs to Determine Stream Condition
Current = Year 2000 - 2013
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Overview of Monitoring Programs

Maryland Biological Stream Survey (MBSS)

• 2000 – 2009

• 5 sites randomly selected

• Three streams

• Fish, benthic macroinvertebrates, other animal groups, 
land use, physical habitat (no pebble counts, sediment 
facies, bedload transport, etc.)

Stream Waders

• 2004-2012

• 89 sites sampled by volunteers, not random

• 23 streams

• Benthic macroinvertebrates only
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Overview of Monitoring Programs (continued)

Core\Trend Program

• 2000 – current: monthly samples 

• Cherry Creek only – one station 

• Extensive water quality (> 20 parameters measured with focus on
nutrients and sediment)

DCL Management Office 

• Fall 2011 and Spring 2012

• 10 major tributaries to DCL

• Water quality and benthic macroinvertebrate data
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Overview of Monitoring Programs (continued)

Marcellus Monitoring Coalition (MMC)

• 2012 – current: monthly sampling

• Cherry Creek (3) and Shingle Camp Run (1)  

• Water quality and benthic macroinvertebrate data

Maryland Synoptic Stream Chemistry Survey (MSSCS)

• April 2012

• Six streams sampled  

• Water quality: ANC, pH, conductivity, dissolved organic carbon,
dissolved inorganic carbon, color, chloride, nitrate, TN, TP and
sulfate

• Repeat of samples collected 25 years ago
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Overview of Monitoring Programs (continued)

Special Project: Poland Run

• 2009 - 2012 

• 1 Station on Poland Run

• Extensive water quality (parameters measured with

focus on nutrients and sediment)
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Overview of Monitoring Programs (continued)

MDE: Bureau of Mines
• 2000 – 2012

• Cherry Creek (7 sites)

• Extensive water quality (pH with a focus on metals)

MDE: Science Services Administration

• 2000 - 2008

• 8 Sites (8 streams)

• Extensive water quality data
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All Monitoring Locations
Current 
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Water Chemistry Stations

4MMC

1Poland Run – Special Project

7MDE\BOM

8MDE\SSA

6MSSCS

10DCL Management Office

5MBSS

1Core\Trend

Number of SitesProgram
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Designated Use: III-P

Not exceed 150 or 50 NTU

as a monthly average

Designated Use: III-P

pH 6.5 – 8.5

Designated Use: III-P

D.O. not < 5 at any time

Daily average ≥ 6.0

Water Quality Results – DCL Subwatersheds
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Water Quality Results – DCL Subwatersheds

m
g
/L

< 1.5 mg/L = Low <0.025 mg/L = Low

0.025 – 0.070 mg/L = Moderate 

m
g
/L
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• Herpetofauna (reptiles and amphibians)

• Freshwater Mussels (not detected in DCL streams)

• Crayfish

• Fishes

• Benthic Macroinvertebrates

Stream Biodiversity
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Herpetofauna

10 species (29 in Youghiogheny Basin)

Frogs and Toads

AMERICAN BULLFROG

EASTERN AMERICAN TOAD

NORTHERN GREEN FROG

NORTHERN SPRING PEEPER

Salamanders

EASTERN RED-BACKED SALAMANDER

LONG-TAILED SALAMANDER

NORTHERN DUSKY SALAMANDER

NORTHERN TWO-LINED SALAMANDER

RED-SPOTTED NEWT

SEAL SALAMANDER

Stream Biodiversity

Photo: William Harbold

Photos: Rebecca Chalmers
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Crayfish (6 species)

Allegheny Crayfish (Native) 

Rock Crawfish (Native)

Upland Borrowing Crayfish (Native)

Virile Crayfish (Introduced/Invasive) 

White River Crawfish (Introduced/Not Inv.) 

Little Brown Mudbug (Introduced/Not Inv.)

Stream Biodiversity
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Fishes (21 Species)

38 Species in Yough. Basin

Stream Biodiversity

GeneralistModerateNon-GameNativeBlack Crappie

InvertivoreTolerantNon-GameNativeBluegill

InvertivoreTolerantNon-GameNativePumpkinseed

GeneralistModerateNon-GameNativeRock Bass

Top PredatorTolerantGameNative

Largemouth 

Bass

Top PredatorModerateGameNative

Smallmouth 

BassSunfishes

InvertivoreModerateWatch ListNon-GameNativeJohnny Darter

GeneralistModerateNon-GameNativeYellow Perch

Top PredatorModerateGameNativeWalleyePerches

GeneralistTolerantNon-GameNativeCreek Chub

OmnivoreTolerantNon-GameNativeGolden Shiner

OmnivoreModerateNon-GameIntroducedCommon CarpMinnows

OmnivoreTolerantNon-GameNativeWhite SuckerSuckers

Top PredatorModerateGameIntroducedBrown Trout

Top PredatorModerateGameIntroducedRainbow Trout

Top PredatorIntolerantWatch ListGameNativeBrook TroutTrout

OmnivoreModerateNon-GameNativeBrown Bullhead

OmnivoreModerateNon-GameNativeYellow BullheadCatfish

Top PredatorModerateGameIntroducedNorthern Pike

Top PredatorTolerantNon-GameIntroducedRedfin Pickerel

Top PredatorModerateGameIntroducedChain PickerelPickerels

Trophic 

Position
ToleranceStatusGamefish

Native or 

Introduced
Species

Family
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Stream Biodiversity

Benthic Macroinvertebrates

• 5 Phyla, 7 Classes, 23 Orders; 149 Families; 237 Genera  (478 total 

Genera statewide based on DNR/MBSS)

• Most Diverse Orders:

•Diptera (true flies) – 52 genera

•Trichoptera (caddisflies) – 23 genera

•Ephemeroptera (mayflies) – 17 genera

•Plecoptera (stoneflies) – 17 genera

•Coleoptera (beetles) – 8 genera

• No Obligate Coldwater Taxa

• Coldwater Taxa – two caddisflies, three mayflies, one stonefly
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Pristine

High diversity

Sensitive taxa

Specialists

Impacted

Low diversity

Tolerant taxa

Generalists

Stream Health Based on Fish and Benthic Communities

Fish Photo Credits: Virginia Tech
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Abundance
% Tanytarsini

% Swimmer

% Diptera

Functional Feeding Groups
% Scraper

Species Diversity
Number of Taxa

Number of EPT Taxa

Number of Ephemeroptera Taxa

Tolerance
% Intolerant

Good

Fair

Poor

Very Poor

Indices of Biotic Integrity (IBIs)
Multi-metric Index to Rate Stream Health

Ex. Highland BIBI
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IBI Score Range Narrative Rating

4.0 – 5.0 Good

3.0 – 3.9 Fair

2.0 – 2.9 Poor

1.0 – 1.9 Very Poor

IBI Score and Narrative Rating
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MBSS Benthic IBI MBSS Fish IBI
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Stream Waders: Benthic IBI
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Stream Health Summary

DCL Watershed
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Benthic IBI Fish IBI 

Garrett County MBSS IBI Scores: 2000 – 2012 (N=203) 
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Stream Waders: 2000 - 2012 (N=486)
Garrett County
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Garrett County Stream Health Summary: 2000 - 2012 



Stream Health in the Deep Creek Lake Watershed

http://www.mde.state.md.us/programs/Water/TMDL/Documents/BSID_Reports/DeepCreek_BSID_Report_012412_revisedfinal.pdf
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DCL Poor Stream Health –MDE Report Findings

• MBSS data\results – DCL watershed was placed on the

State’s Integrated List (Listed as Impaired) because of

impacts to its biological communities in streams

• MBSS does not determine source of biological impairments

• MDE developed Biological Stressor Identification Analysis

(BSID) (risk based approach) – determines the predominate

cause of reduced biological condition

BSID Approach

• uses habitat and water quality monitoring data to determine

causes of impairment

• also uses habitat and land use to determine the source of the

impairment
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• Acidity is the cause for Biological Impairment for Cherry Creek, indicated

by low pH and low Acid Neutralizing Capacity (ANC) - BOM

• Elevated sulfate concentrations – presence of AMD is a potential source

• Stressors associated with stream morphology, including:

� high embeddedness

� poor epifaunal substrate

� poor instream habitat

� poor riffle/run quality

• Note: Not necessary due to high sediment load, but presence of low gradient streams

• Large and small scale human activities – impacting physical habitat

BSID: Probable Causes and Source of Impairment

DCL Streams: Biological Impairment

HighLow
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1973 Land Use

Developed

Institutional

Forest

Agriculture

Water

Wetland

Barren
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2010 Land Use

50.9520,858 61.2525,074 Forest

19.077,805 23.049,431 Ag

18.267,475 5.522,261 

Developed 

T (D+I)

0.2187 0.0520 Institutional

18.057,388 5.472,240 Developed

percent acrespercent acresLand Use

2010201019731973

Developed

Institutional

Forest

Agriculture

Water

Wetland

Barren
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Development: DCL South (0027) 

parcels per square kilometer 38.2 

square kilometers (non-water)61.5

1,868 3.12,346 Total

2,692 1.2722010-2013

2,319 1.85482000

2,099 2.04001990

1,739 2.33931980

1,470 3.03121970

1,429 2.02791960

1,494 2.91891950

1,512 1.1891940

1,803 15.0221930

2,349 41.9101920

1,503 38.0111910

2,015 50.7111900

1,860 54.7101860-1899

Average 

Structure Size

(square feet)

Acres per 

Parcel

Number of 

ParcelsDecade
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parcels per square kilometer 52.5 

square kilometers (non-water)57.3

2,078 34.43,009 Total

5,775 2.4592010-2013

2,319 4.59802000

2,162 1.45551990

1,871 1.26371980

1,517 2.82231970

1,774 10.91931960

1,443 1.71811950

1,550 1.41031940

1,761 7.8481930

2,432 9.5111920

1,860 11.941910

1,185 22.881900

2,739 101.171850-1899

Average 

Structure Size

(square feet)

Acres per 

Parcel

Number of 

ParcelsDecade

Development: DCL North (0028) 
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Development: Cherry Creek (0029) 

parcels per square kilometer 4.0 

square kilometers (non-water)32.0

1,818 37.4128Total

1,404 18.972010-2013

1,733 2.1242000

1,793 4.9231990

1,592 8.2271980

1,429 4.2221970

4,135 2.1101960

1,262 18.831950

1,608 72.921940

930 23.021930

1,665 90.511920

2,704 1,141.32 31910

1,154 37.621900

1,668 161.521870-1899

Average 

Structure Size

(square feet)

Acres per 

Parcel

Number of 

ParcelsDecade
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Development and Stream Impacts
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Shoreline Development and Lake Impacts

Most Information – from Wisconsin, Minnesota and Michigan

Development\Impervious Surface

• decrease ability for shoreline to serve their natural functions

• eliminate wildlife habitat

• fish spawning grounds become unproductive 

due to sediment input

• water clarity impacts (property values and SAV)

• runoff carries pollutants to the lake

http://learningstore.uwex.edu/Assets/pdfs/GWQ061.pdf

http://www.uwsp.edu/cnr-ap/clue/Documents/Zoning/Shoreland_Development_Density_and_Impervious_Surfaces.pdf

http://www.wisconsinlakes.org/attachments/article/25/07sum_impsurface%28Markham%29.pdf

http://www.shorelandmanagement.org/quick/is.html
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• Tree plantings in areas with inadequate buffers

� Streams and Rivers

� Perimeter of the Lake

• Additional Monitoring

� Stream Corridor Assessment (SCA)

� Synoptic Survey (SS) – e.g., to identify high nutrient

concentrations

� MBSS – targeting (high quality streams or streams

based on SCA and SS results)

Management Recommendations
(March 2014)
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Credit: Dave Kazyak

Questions?
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