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• North Carolina: Full Scale and Qual 4. Field picking.

• Maryland: 20 Jabs proportional to available habitat. Laboratory sub-sampling.

• Virginia: Single Habitat. Laboratory sub-sampling. Macroinvertebrate monitoring 
required for stream restoration projects.

• Tennessee: Semi-Quantitative Single Habitat Sample (SQSH) determined by ecoregion. 
Macroinvertebrate monitoring as part of the Stream Quantification Tool (SQT) as a proxy 
for physicochemical data.

• South Carolina: Timed- Qualitative Multiple Habitat Sampling Protocol (MHSP)
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Different Sweeps for Different Peeps



• Name that Trait 
or Habit

Clinger

Burrower

Swimmer

Predator



• Name that trait or habit 
continued…

Shredder

Grazer

T-Rex

Scraper

Filter 
feeder



EPA Metrics
• Table 7-1. Definitions of best candidate benthic metrics and predicted direction of 
metric response to increasing perturbation (compiled from DeShon 1995, Barbour et 
al. 1996b, Fore et al. 1996, Smith and Voshell 1997).

Category Metric Definition Predicted response to increasing perturbation

Richness measures Total No. taxa Measures the overall variety of the macroinvertebrate assemblage Decrease

No. EPT taxa Number of taxa in the insect orders Ephemeroptera (mayflies), Plecoptera (stoneflies), 
and Trichoptera (caddisflies)

Decrease

No. Ephemeroptera Taxa Number of mayfly taxa (usually genus or species level) Decrease

No. Plecoptera Taxa Number of stonefly taxa (usually genus of species level) Decrease

No. Trichoptera Taxa Number of caddisfly taxa (usually genus or species level) Decrease

Composition measures % EPT Percent of the composite of mayfly, stonefly, and caddisfly larvae Decrease

% Ephemeroptera Percent of mayfly nymphs Decrease

Tolerance/Intolerance measures No. of Intolerant Taxa Taxa richness of those organisms considered to be sensitive to perturbation Decrease

% Tolerant Organisms Percent of macrobenthos considered to be tolerant of various types of perturbation Increase

% Dominant Taxon Measures the dominance of the single most abundant taxon. Can be calculated as 
dominant 2, 3, 4, or 5 taxa.

Increase

Feeding measures % Filterers Percent of the macrobenthos that filter FPOM from either the water column or 
sediment

Variable

% Grazers and Scrapers Percent of the macrobenthos that scrape or graze upon periphyton Decrease

Habit measures Number of Clinger Taxa Number of taxa of insects Decrease

% Clingers Percent of insects having fixed retreats or adaptations for attachment to surfaces in 
flowing water.

Decrease

https://water.epa.gov/scitech/monitoring/ch11main.cfm#DeShon%201995
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Barbour%20et%20al.%201996b
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Fore%20et%20al.%201996
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Smith%20and%20Voshell%201997


Other Potential 
Metrics:

• Table 7-2. Definitions of additional potential benthic 
metrics and predicted direction of metric response to 
increasing perturbation.

Category Metric Definition Predicted response to increasing 
perturbation

References

Richness measures No. Pteronarcys species The presence or absence of a long-lived stonefly genus (2-3 year life cycle) Decrease Fore et al. 1996

No. Diptera taxa Number of "true" fly taxa, which includes midges Decrease DeShon 1995

No. Chironomidae taxa Number of taxa of chironomid (midge) larvae Decrease Hayslip 1993, Barbour et al. 1996b

Composition measures % Plecoptera Percent of stonefly nymphs Decrease Barbour et al. 1994

% Trichoptera Percent of caddisfly larvae Decrease DeShon 1995

% Diptera Percent of all "true" fly larvae Increase Barbour et al. 1996b

% Chironomidae Percent of midge larvae Increase Barbour et al. 1994

% Tribe Tanytarsini Percent of Tanytarisinid midges to total fauna Decrease DeShon 1995

% Other Diptera and noninsects Composite of those organisms generally considered to be tolerant to a wide 
range of environmental conditions

Increase DeShon 1995

% Corbicula Percent of asiatic clam in the benthic assemblage Increase Kerans and Karr 1994

% Oligochaeta Percent of aquatic worms Variable Kerans and Karr 1994

Tolerance/Intolerance 
measures

No. Intol. Snail and Mussel 
species

Number of species of molluscs generally thought to be pollution intolerant Decrease Kerans and Karr 1994

% Sediment Tolerant organisms Percent of infaunal macrobenthos tolerant of perturbation Increase Fore et al. 1996

Hilsenhoff Biotic Index Uses tolerance values to weight abundance in an estimate of overall pollution. 
Originally designed to evaluate organic pollution

Increase Barbour et al. 1992, Hayslip 1993, Kerans and Karr 
1994

Florida Index Weighted sum of intolerant taxa, which are classed as 1 (least tolerant) or 2 
(intolerant). Florida Index = 2 X Class 1 taxa + Class 2 taxa

Decrease Barbour et al. 1996b

% Hydropsychidae to 
Trichoptera

Relative abundance of pollution tolerant caddisflies (metric could also be 
regarded as a composition measure)

Increase Barbour et al. 1992, Hayslip 1993

Feeding measures % Omnivores and Scavengers Percent of generalists in feeding strategies Increase Kerans and Karr 1994

% Ind. Gatherers and Filterers Percent of collector feeders of CPOM and FPOM Variable Kerans and Karr 1994

% Gatherers Percent of the macrobenthos that "gather" Variable Barbour et al. 1996b

% Predators Percent of the predator functional feeding group. Can be made restrictive to 
exclude omnivores

Variable Kerans and Karr 1994

% Shredders Percent of the macrobenthos that "shreds" leaf litter Decrease Barbour et al. 1992, Hayslip 1993

Life cycle measures % Multivoltine Percent of organisms having short (several per year) life cycle Increase Barbour et al. 1994

% Univoltine Percent of organisms relatively long-lived (life cycles of 1 or more years) Decrease Barbour et al. 1994

https://archive.epa.gov/water/archive/web/html/ch11main.html#Fore%20et%20al.%201996
https://archive.epa.gov/water/archive/web/html/ch11main.html#DeShon%201995
https://archive.epa.gov/water/archive/web/html/ch11main.html#Hayslip%201993
https://archive.epa.gov/water/archive/web/html/ch11main.html#Barbour%20et%20al.%201996b
https://archive.epa.gov/water/archive/web/html/ch11main.html#Barbour%20et%20al.%201994
https://water.epa.gov/scitech/monitoring/ch11main.cfm#DeShon%201995
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Barbour%20et%20al.%201996b
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Barbour%20et%20al.%201994
https://water.epa.gov/scitech/monitoring/ch11main.cfm#DeShon%201995
https://water.epa.gov/scitech/monitoring/ch11main.cfm#DeShon%201995
https://archive.epa.gov/water/archive/web/html/ch11main.html#Kerans%20and%20Karr%201994
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Kerans%20and%20Karr%201994
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Kerans%20and%20Karr%201994
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Fore%20et%20al.%201996
https://www.epa.gov/owow/monitoring/rbp/ch11main.html#Barbour%20et%20al.%201992
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Hayslip%201993
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Kerans%20and%20Karr%201994
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Barbour%20et%20al.%201996b
https://www.epa.gov/owow/monitoring/rbp/ch11main.html#Barbour%20et%20al.%201992
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Hayslip%201993
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Kerans%20and%20Karr%201994
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Kerans%20and%20Karr%201994
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Barbour%20et%20al.%201996b
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Kerans%20and%20Karr%201994
https://www.epa.gov/owow/monitoring/rbp/ch11main.html#Barbour%20et%20al.%201992
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Hayslip%201993
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Barbour%20et%20al.%201994
https://water.epa.gov/scitech/monitoring/ch11main.cfm#Barbour%20et%20al.%201994
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Southeastern/Mid-Atlantic 
Macroinvertebrate Metrics

North Carolina (Lowest Practical Taxonomic Level): North Carolina Biotic Index, Taxa Richness, EPT 
Taxa Richness, Sensitive Taxa – Tolerance Value ≤ 2.5 (or other predetermined value), Bioclassification – Excellent, 
Good, Good-Fair, Fair, Poor

South Carolina: Biotic Index, EPT index – if sample size is < 100 organisms, Bioclassification – Excellent, Good, 
Good-Fair, Fair, Poor

Virginia: Virginia Stream Conditions Index – Non-coastal Streams: Taxa Richness, Taxonomic composition, 
Functional Feeding Group, Habitat, Degree of Tolerance, Tolerance Value

Tennessee (Genus Level ID): Tennessee Macroinvertebrate Index (TMI):Taxa Richness, EPT Richness, % 
EPT – Cheum, % OC, NCBI, % Clinger – Cheum, % Tnutol = ((Total number of Cheumatopsyche, Stenelmis, 
Polypedilum, Cricotopus, Cricotopus/Orthocladius, Lirceus, Caenis, Gastropoda, Oligochaeta) / Total N) * 100

Georgia: Coastal plain headwater stream restoration index (CP-HStR): Genus taxa richness, Proportion genus 
EPT taxa richness, Proportion genus collector-filterer taxa richness, Proportion genus clinger taxa richness, 
Proportion genus swimmer taxa richness, Proportion genus shredder taxa richness (Somerville & Pond, 2022).

Maryland (Genus Level ID): Benthic Index of Biotic Integrity (BIBI), chironomid counts



from
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Evan, R.R., A. Seager, G.C.L. David. 2021. Overview of benthic macroinvertebrates in 
freshwater streams. U.S. Army Engineer Research and Development Center, Cold Regions 
Research and Engineering Laboratory, Hanover, New Hampshire. White Pater, 64 pages.

In general, there are a few metrics that are standard
between most state water quality monitoring programs, which are based 
on the concept of indicator organisms:
• % EPT (percentage of Ephemeroptera, Plecoptera, and Trichoptera 

taxa, or mayfly nymphs, stonefly nymphs, and caddisfly larvae)
o % EPT is total number of EPT individuals in a sample 

divided by the total number of all macroinvertebrates found in 
the sample, then multiplied by 100 to get the percentage. The 
higher the percentage the better the water quality, for example

• % Ephemeroptera (percentage of mayfly nymphs)
• % Chironomidae (percentage of chironomid midge larvae (Diptera))
• % Clingers (percentage of benthic macroinvertebrates considered to use 

a clinging habit: see Section 3.1)



Observed Vs Expected Ratios: 
Pre-Construction and Reference Reach Data
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Site Data

Collection 
Date Total #I

NCBI (Semi-
Quantitative) Taxa Richness EPT Richness %Intol

%CN -
Cheum

%EPT -
Cheum %OC %Tnutol

R1 Upstream 5/6/2021 69 4.41 14 8 17.39 34.78 59.42 23.19 14.49

R1 Downstream 5/6/2021 68 4.61 22 11 17.65 41.18 50 26.47 17.65

UT3 5/6/2021 72 3.56 21 10 34.72 36.11 56.94 8.33 5.56

Reference Reach 6/8/2021 174 4.00 28 18 18.97 51.15 63.22 5.75 14.94

Observed / Expected Ratios

Total #I
NCBI (Semi-

Quantitative) Taxa Richness EPT Richness %Intol
%CN -

Cheum
%EPT -
Cheum %OC %Tnutol

R1 Upstream 0.40 1.10 0.50 0.44 0.92 0.68 0.94 4.03 0.97

R1 Downstream 0.39 1.15 0.79 0.61 0.93 0.81 0.79 4.60 1.18

UT3 0.41 0.89 0.75 0.56 1.83 0.71 0.90 1.45 0.37

Reference Reach 1 1 1 1 1 1 1 1 1

Site O/E Means 0.40 1.05 0.68 0.54 1.23 0.73 0.88 3.36 0.84



POOL THE 
DATA

VALUE OF THE DATA –
GENUS LEVEL AND 
UNIFORMITY

WHO IS 
SHARING?
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Add more states
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What’s Next?

More states

More habits and traits

Multivariate analysis

More data!
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