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Benthic MacroinvertebratesBenthic Macroinvertebrates

•• DefinitionDefinition
•• BenthicBenthic -- Inhabit the sediment or live on the bottom Inhabit the sediment or live on the bottom 

substratessubstrates
•• MacroinvertebrateMacroinvertebrates s -- retained by the Standard No. 30 retained by the Standard No. 30 

sieve (0.595 mm opening) sieve (0.595 mm opening) KlemmKlemm et al. 1990et al. 1990

•• Includes insects,Includes insects, oligochetesoligochetes, leeches,, leeches, molluskamolluska, , 
crustaceans, otherscrustaceans, others

•• Both active and passive collection methods are Both active and passive collection methods are 
commonly employedcommonly employed

•• Not as commonly employed in nonNot as commonly employed in non--wadeable wadeable 
systems as in wadeablesystems as in wadeable
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Benthic MacroinvertebratesBenthic Macroinvertebrates
•• Life history characteristics that make them useful Life history characteristics that make them useful 

indicators:indicators:

•• Many have short life cycles and fast reproductionMany have short life cycles and fast reproduction
•• Present in a variety of habitatsPresent in a variety of habitats
•• Standardized protocols are well developed Standardized protocols are well developed 
•• Sampling has limited impact on resident biotaSampling has limited impact on resident biota
•• Are relatively sedentaryAre relatively sedentary
•• Sensitive to a wide range of chemical stressorsSensitive to a wide range of chemical stressors
•• Broad range of pollution tolerant speciesBroad range of pollution tolerant species
•• Response to stressors widely describedResponse to stressors widely described
•• Many states have background dataMany states have background data
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Benthic Macroinvertebrates Benthic Macroinvertebrates 
Field Sampling Field Sampling 

•• Important questions to consider during program Important questions to consider during program 
development.development.

•• Which methods?Which methods?
•• Which habitats?(single vs. multiWhich habitats?(single vs. multi--habitat)habitat)
•• To composite or not to composite?To composite or not to composite?
•• Which methods?Which methods?
•• Allocation of samples?Allocation of samples?
•• How/where to process samples?How/where to process samples?
•• IdentificationIdentification
•• What is the final indicator?What is the final indicator?



Benthic MacroinvertebratesBenthic Macroinvertebrates
Active Sampling Methods ExamplesActive Sampling Methods Examples

Scrubbing Scrubbing 
substratessubstrates PickingPicking

Grab Grab 
samplerssamplers

NetNet--based methods based methods 
(including kicks, (including kicks, 

dips, jabs, sweeps, dips, jabs, sweeps, 
& picks)& picks)
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Benthic MacroinvertebratesBenthic Macroinvertebrates
Active Sampling Methods ExamplesActive Sampling Methods Examples

•• NetNet--based examplesbased examples
•• Quantitative Quantitative -- USEPAUSEPA--EMAP EMAP –– timed kick net (595timed kick net (595 µµmm))

sampling conducted at assigned transectssampling conducted at assigned transects
•• Qualitative Qualitative -- USGSUSGS--NAWQA NAWQA –– kicking, dipping, or kicking, dipping, or 

sweeping all available habitats (212 sweeping all available habitats (212 µµmm))
•• SemiSemi--Quantitative Methods Quantitative Methods –– Pilot SAM method Pilot SAM method ––

combines timed kicks and dipping (595 combines timed kicks and dipping (595 µµmm))
•• Timed sampling / approximate set areaTimed sampling / approximate set area

•• Ponar Ponar exampleexample
•• Quantitative Quantitative –– Lower Missouri, depositional areas.  ? Lower Missouri, depositional areas.  ? 

Grabs per habitat unit. Grabs per habitat unit. 
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Benthic MacroinvertebratesBenthic Macroinvertebrates
Passive Sampling Methods ExamplesPassive Sampling Methods Examples

•• QuantitativeQuantitative
•• Artificial substrates Artificial substrates (Cairns 1982)(Cairns 1982)

•• Containers with various substrates (e.g., Rock Baskets)Containers with various substrates (e.g., Rock Baskets)
•• MultiplateMultiplate samplers samplers 

(e.g., Hester(e.g., Hester--DendyDendy (Ohio EPA, ORSANCO))(Ohio EPA, ORSANCO))

•• DriftDrift--NetsNets
•• USEPAUSEPA--EMAP EMAP –– timed deploymenttimed deployment

•• Used in large river pilot studies Used in large river pilot studies 
•• Could not be deployed at sites with insufficient flow Could not be deployed at sites with insufficient flow 

velocitiesvelocities
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Benthic MacroinvertebratesBenthic Macroinvertebrates
Passive Sampling Methods ExamplesPassive Sampling Methods Examples

•• QuantitativeQuantitative
•• OhioOhio--EPA EPA ––

HesterHester--Dendy Dendy 
artificial substrate artificial substrate 
samplers.  Fivesamplers.  Five
samplers exposedsamplers exposed
for six weeksfor six weeks
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Benthic Macroinvertebrates Benthic Macroinvertebrates 
Typical Field Site ProcessingTypical Field Site Processing

•• Sample materials are usually compositedSample materials are usually composited
•• Sieved to reduce excess water and mudSieved to reduce excess water and mud
•• Large objects (e.g., rocks) are cleaned and Large objects (e.g., rocks) are cleaned and 

removed **Sieving also controls for removed **Sieving also controls for 
size of organismssize of organisms

•• Sample is transferred to jarSample is transferred to jar
•• Preserved with ethanolPreserved with ethanol
•• Some people still fix with formaldehyde, Some people still fix with formaldehyde, 

better for long term storagebetter for long term storage
•• Sampling information Sampling information 

recordedrecorded
•• Sample is labeledSample is labeled
•• Transported to laboratoryTransported to laboratory
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Benthic Macroinvertebrates Benthic Macroinvertebrates 
Typical Laboratory ProcessingTypical Laboratory Processing

•• Arrival of sample to lab is recordedArrival of sample to lab is recorded
•• Macroinvertebrates are picked from the Macroinvertebrates are picked from the 

sample following a predetermined protocolsample following a predetermined protocol
•• Organisms are identified to a predetermined Organisms are identified to a predetermined 

taxonomic leveltaxonomic level
•• Data entered in databaseData entered in database
•• QA/QC analysis is conductedQA/QC analysis is conducted
•• Data ready for analysisData ready for analysis
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Laboratory processing Laboratory processing 
questions/issuesquestions/issues

•• Pick in field or labPick in field or lab
•• SubSub--samplesample
•• ID levelID level
•• QA/QCQA/QC
•• Cost of sampleCost of sample
•• Sample sizesSample sizes
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Benthic Macroinvertebrates Benthic Macroinvertebrates 
Field SamplingField Sampling Methods Comparison NotesMethods Comparison Notes

Study conducted comparing 6 sampling methodsStudy conducted comparing 6 sampling methods

Conclusions: Methods matterConclusions: Methods matter
•• Different field methods result in different metric Different field methods result in different metric 

valuesvalues
•• Performance of methods was not consistent Performance of methods was not consistent 

between sites of differing impoundment statusbetween sites of differing impoundment status
•• Even when metric values were similar, correlations Even when metric values were similar, correlations 

with with abiotic abiotic stressors differed across methodsstressors differed across methods
•• Merging data indiscriminately across field methods is Merging data indiscriminately across field methods is 

not advised for bioassessmentnot advised for bioassessment
Ref:  Blocksom & Flotemersch, submittedRef:  Blocksom & Flotemersch, submitted
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Principal Component AnalysisPrincipal Component Analysis

Macroinvertebrate DataPhysical Habitat Data



Correlations With Stressors?Correlations With Stressors?
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SAM Method: SAM Method: 

Number of TaxaNumber of Taxa

Metric level off 
after about 500m 
or 6 transects

Subsample size 

Separation of sites
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