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Inventory and MonitoringInventory and Monitoring

Started to define natural populations in Started to define natural populations in 
National ParksNational Parks
Establish Establish ““Vital SignsVital Signs”” for each parkfor each park

Physical, chemical, and biologicalPhysical, chemical, and biological
Macroinvertebrates ranked high as vital Macroinvertebrates ranked high as vital 
sign for parkssign for parks
Ecological HealthEcological Health
Develop monitoring plan for each parkDevelop monitoring plan for each park

Inventory and Monitoring NetworksInventory and Monitoring Networks
ObjectivesObjectives

Provide descriptions of Provide descriptions of 
macroinvertebratemacroinvertebrate communities communities 
within aquatic habitats of the within aquatic habitats of the 
Northern Great Plains NetworkNorthern Great Plains Network
Estimate metrics toward Estimate metrics toward 
development of invertebrate development of invertebrate IBIIBI’’ss

Great Plains NetworkGreat Plains Network SitesSites
All 13 National Parks  All 13 National Parks  
assessedassessed

58 sites58 sites
Includes 5 stock dams, Includes 5 stock dams, 
10 small10 small-- to mediumto medium--
sized streams, 10 large sized streams, 10 large 
rivers, 8 springsrivers, 8 springs

11--3 reaches on each 3 reaches on each 
systemsystem

Sampled 3 times JuneSampled 3 times June--
Aug 2004 and MayAug 2004 and May--
June 2005June 2005
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MethodsMethods
Modified EMAP protocolsModified EMAP protocols

Quantitative methodsQuantitative methods

Physical, Chemical, BiologicalPhysical, Chemical, Biological
Habitat AssessmentHabitat Assessment
Chemical AnalysisChemical Analysis
Macroinvertebrate sweepnetsMacroinvertebrate sweepnets

Invertebrate sorting and Invertebrate sorting and 
analysis procedures followed analysis procedures followed 
EPAEPA’’s Rapid Bioassessment s Rapid Bioassessment 
ProtocolsProtocols

Snag CountsSnag Counts

Bank ErosionBank Erosion

Substrate SizeSubstrate Size
EmbeddednessEmbeddedness

Canopy CoverCanopy Cover
Shoreline VegetationShoreline Vegetation
Bank SlopeBank Slope

FlowFlow

WeatherWeather

Habitat Habitat 
ParametersParameters

TurbidityTurbidity
AlkalinityAlkalinity

Total Dissolved Total Dissolved 
SolidsSolids

Total Suspended Total Suspended 
SolidsSolids

pHpH
ConductivityConductivity
Dissolved OxygenDissolved Oxygen

Fecal Coliform Fecal Coliform 
BacteriaBacteria

Total PhosphorusTotal Phosphorus

Macroinvertebrate Macroinvertebrate 
CollectionCollection

Nitrate, Ammonia, Nitrate, Ammonia, 
TKNTKN

Biological Biological 
ParametersParameters

Chemical Chemical 
ParametersParameters

Chemical & Physical Overview Chemical & Physical Overview -- StreamsStreams

0.260.26<0.02<0.020.0170.017NHNH3 3 (mg/L)(mg/L)
2.402.40<0.10<0.100.490.49NONO3 3 (mg/L)(mg/L)

10.6010.60<0.23<0.230.660.66TKN (mg/L)TKN (mg/L)

18.8018.80<0.25<0.250.720.72Total Phosphorus (mg/L)Total Phosphorus (mg/L)
85008500<10<10643643Fecal Fecal ColiformsColiforms (#/100ml)(#/100ml)

3353.03353.040.040.0454.2454.2TDS (mg/L)TDS (mg/L)
14181418116868TSS (mg/L)TSS (mg/L)
238023800.10.187.887.8Turbidity (NTU)Turbidity (NTU)
42042088147147Alkalinity (mg/L)Alkalinity (mg/L)
26.726.79.59.516.716.7HH220 Temp (0 Temp (ooC)C)
515851586262504504Conductivity (uS/cm)Conductivity (uS/cm)
9.679.675.555.558.24 8.24 pHpH

18.418.4

Max.Max.

0.20.28.78.7D.O. (mg/L)D.O. (mg/L)

Min. Min. MeanMeanParameterParameter

Chemical and Physical Overview Chemical and Physical Overview -- RiversRivers

0.130.13<0.02<0.020.020.02NHNH3 3 (mg/L)(mg/L)
3.703.70<0.10<0.100.660.66NONO3 3 (mg/L)(mg/L)
8.908.90<0.23<0.230.780.78TKN (mg/L)TKN (mg/L)
4.654.65<0.25<0.250.300.30Total Phosphorus (mg/L)Total Phosphorus (mg/L)
23002300<10<10184184Fecal Fecal coliformscoliforms (#/100mL)(#/100mL)
151715171919533 533 TDS (mg/L)TDS (mg/L)
5345341 1 5959TSS (mg/L)TSS (mg/L)
1160001160001.431.431998 1998 Turbidity (NTU)Turbidity (NTU)
6206204242181181Alkalinity (mg/L)Alkalinity (mg/L)
29.229.211.7 11.7 20.720.7H20 Temp (H20 Temp (ooC)C)
18611861167 167 823823Conductivity (uS/cm)Conductivity (uS/cm)
9.429.427.527.528.26 8.26 pHpH
14.314.3
Max.Max.

5.75.79.29.2D.O. (mg/L)D.O. (mg/L)
Min. Min. MeanMeanParameterParameter

Chemical and Physical Overview Chemical and Physical Overview -- SpringsSprings

0.0200.020<0.02<0.020.0200.020NHNH3 3 (mg/L)(mg/L)

3.003.00<0.10<0.101.481.48NONO3 3 (mg/L)(mg/L)

0.7700.770<0.23<0.230.2850.285TKN (mg/L)TKN (mg/L)

0.8550.855<0.25<0.250.1130.113Total Phosphorus (mg/L)Total Phosphorus (mg/L)

160000160000<10<1060506050Fecal Fecal coliformscoliforms (#/100mL)(#/100mL)

2635.02635.0160.0160.0765.6 765.6 TDS (mg/L)TDS (mg/L)

185185114747TSS (mg/L)TSS (mg/L)

3463460.34 0.34 37 37 Turbidity (NTU)Turbidity (NTU)

5705705 5 242242Alkalinity (mg/L)Alkalinity (mg/L)

17.017.07.27.211.911.9H20 Temp (H20 Temp (ooC)C)

2926292617517510981098Conductivity (uS/cm)Conductivity (uS/cm)

9.02 9.02 6.886.887.617.61pHpH

13.813.8

Max.Max.

5.35.39.09.0D.O. (mg/L)D.O. (mg/L)

Min. Min. MeanMeanParameterParameter

Chemical and Physical Overview Chemical and Physical Overview –– Stock PondsStock Ponds

0.300.30<0.02<0.020.11 0.11 NHNH3 3 (mg/L)(mg/L)

5.905.90<0.10<0.100.820.82NONO3 3 (mg/L)(mg/L)

25.2025.20<0.23<0.233.733.73TKN (mg/L)TKN (mg/L)

1.671.67<0.25<0.250.60 0.60 Total Phosphorus (mg/L)Total Phosphorus (mg/L)

810810<10<10179179Fecal Fecal coliformscoliforms (#/100mL)(#/100mL)

3051.03051.056.00 56.00 796.5796.5TDS (mg/L)TDS (mg/L)

228.00228.005.205.2094.28 94.28 TSS (mg/L)TSS (mg/L)

586.0586.05.6 5.6 161.2 161.2 Turbidity (NTU)Turbidity (NTU)

4164164848115115Alkalinity (mg/L)Alkalinity (mg/L)

19.619.615.315.326.526.5H20 Temp (H20 Temp (ooC)C)

32463246115115848848Conductivity (uS/cm)Conductivity (uS/cm)

10.02 10.02 6.56 6.56 8.028.02pHpH

14.314.3

Max.Max.

0.70.77.87.8D.O. (mg/L)D.O. (mg/L)

Min. Min. MeanMeanParameterParameter
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Habitat CharacteristicsHabitat Characteristics

2020151515151010Veg. Density (1 Veg. Density (1 –– 21)21)
33636310104545Canopy Cover (%)Canopy Cover (%)

98986060--------------5656Embeddedness (%)Embeddedness (%)

Silt/ClaySilt/ClayGravelGravelSandSandGravelGravelSubstrateSubstrate

69691616--------------1616Erosion (%)Erosion (%)
2020212141413939Bank Slope (%)Bank Slope (%)

Stock PondsStock PondsSpringsSpringsRiversRiversStreamsStreamsParameterParameter
General InvertebrateGeneral Invertebrate

Community CharacteristicsCommunity Characteristics

309 total taxa so far309 total taxa so far
5 Classes5 Classes
15 Orders15 Orders
94 Families94 Families
309 Genera & Species309 Genera & Species

InsectaInsecta

*309 genera and species identified so far

General InvertebrateGeneral Invertebrate
Community CharacteristicsCommunity Characteristics
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Biotic Integrity

Diversity Pollution Tolerance

Trophic Relationships
Composition

SmallSmall-- Medium Stream MetricsMedium Stream Metrics

44441001001717% Dominant% Dominant

262610010000% % ChirChir TaxaTaxa
3737989800% EPT% EPT

5.35.3101000ToleranceTolerance

533533

1313
MeanMean

4419441922AbundanceAbundance

206206292911RichnessRichness
TotalTotalMax.Max.Min.Min.MetricMetric
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% Stream Functional Feeding and % Stream Functional Feeding and 
Habit GuildsHabit Guilds
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Large River MetricsLarge River Metrics

50501001002929% Dominant% Dominant
313110010000% EPT % EPT 
303010010000% % ChirChir TaxaTaxa

55101000ToleranceTolerance

9292
99
MeanMean

25312253128303830311AbundanceAbundance
168168252511RichnessRichness
TotalTotalMax.Max.Min.Min.MetricMetric

% River Functional Feeding and % River Functional Feeding and 
Habit GuildsHabit Guilds
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Guilds

FFG
Habit

Spring MetricsSpring Metrics

55551001002323% Dominant% Dominant
3030979700% EPT% EPT
202010010000% % ChirChir TaxaTaxa

55101011ToleranceTolerance

3939
44
MedianMedian

90290234434422AbundanceAbundance
74749911RichnessRichness
TotalTotalMax.Max.Min.Min.MetricMetric
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FFG
Habit

% Spring Functional Feeding % Spring Functional Feeding 
and Habit Guildsand Habit Guilds Stock Pond MetricsStock Pond Metrics

464667672828% Dominance% Dominance

2121444400% % ChirChir TaxaTaxa
1313555500% % EphemeropteraEphemeroptera

66101044ToleranceTolerance

153153
77
MeanMean

1166116600AbundanceAbundance
5252111100RichnessRichness
TotalTotalMax.Max.Min.Min.MetricMetric
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% Stock Pond Functional % Stock Pond Functional 
Feeding and Habit GuildsFeeding and Habit Guilds
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Organism Tolerance to Organic Organism Tolerance to Organic 
Pollution by System TypePollution by System Type
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Tolerance values will be applied toward calculation of modified Hilsenhoff
Biotic Index values by system type.
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Comparison of Comparison of 
guild structure guild structure 
among among loticlotic habitat habitat 
types.types.

ConclusionsConclusions
Diverse systems with rare Diverse systems with rare taxataxa

309 genera and species found309 genera and species found
80% of genera and species in <10% of samples80% of genera and species in <10% of samples

Feeding guilds and River Continuum ConceptFeeding guilds and River Continuum Concept
Low Scrapers and ShreddersLow Scrapers and Shredders

Riparian Condition? Riparian Condition? –– lower amount of CPOMlower amount of CPOM
High CollectorsHigh Collectors

CF CF –– Suspended FPOMSuspended FPOM
CG CG –– Depositional FPOMDepositional FPOM

Habit GuildsHabit Guilds
Swimmers highSwimmers high

Stock Ponds Stock Ponds –– NeopleaNeoplea sp. sp. and and HyallellaHyallella aztecaazteca –– 60%60%
ClingersClingers

Rivers and StreamsRivers and Streams

ConclusionsConclusions
National Parks could be considered one of the National Parks could be considered one of the 
least human impacted areas in the regions least human impacted areas in the regions 
where they are foundwhere they are found

Regional reference conditions?Regional reference conditions?

Macroinvertebrates ranked in the top ten of Macroinvertebrates ranked in the top ten of 
120 vital signs considered by park staff, state, 120 vital signs considered by park staff, state, 
federal agencies, and academic institutionsfederal agencies, and academic institutions
MacroinvertebrateMacroinvertebrate monitoring by parks would  monitoring by parks would  
contribute data for several partnerscontribute data for several partners

ConclusionsConclusions

Next steps include:Next steps include:
Metric optimizationMetric optimization

High discriminatory powerHigh discriminatory power
Low within park variabilityLow within park variability

Generation of IBI valuesGeneration of IBI values

LongLong--term monitoring term monitoring 
using optimized metrics using optimized metrics 
by park and system typeby park and system type
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