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APPENDIX A

SITE SELECTION FOR THE STREAM PROTECTION STRATEGY

A.1 Criteria for site selection

Sites were established on streams that were second order or greater with a unique
drainage area between two and five square miles (stream order designations were
based upon USGS 7.5 minute topographic quadrangles (1:24,000 scale)). An individual
site consists of a 100-meter stream reach that is representative of conditions in the
surrounding watershed. Reach boundaries were marked and their field location
determined using a global positioning system (GPS) (see Appendix F). Where possible,
efforts were made to avoid private property.

Suitable sites also met the following criteria:

e No major inputs, such as tributaries

Must be 100 meters up or downstream of any road crossing or pond input, when
possible

For Piedmont/Triassic areas — must contain at least one riffle

Suitable for use with backpack electrofisher(s) (depth and width)

Must be shallow enough to use a kick net to sample benthic macroinvertebrates
Must have flow throughout an average year

If on private property, landowner permission must be given

Must be representative of local stream conditions

A.2 Criteria for reference site selection

For each physiographic province, reference sites were chosen that either best reflect
historic conditions or represent the highest quality conditions still available. These sites
were assessed using the same protocols as the non-reference sites. Ultimate rankings
and prioritization of systems within Fairfax County were based on their relative level of
correspondence to the standard or “benchmark” characteristics of the reference
streams.

Desirable characteristics of a reference site are:

Low population density/land use

Low imperviousness

Extensive riparian buffer with maturing vegetation community
No channel alterations

Natural or low levels of sediment loading

Presence of surrounding natural ecosystem

e Natural appearance, color, and odor

Fairfax County Stream Protection Strategy
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e Stable banks
e Healthy aquatic benthic macroinvertebrate and fish communities/ecosystems

Nine streams in Prince William Forest Park in Prince William County, Virginia, were
used as reference sites for second-, third-, and fourth-order systems in the Piedmont
and Triassic Basin physiographic provinces. The Quantico Creek watershed lies almost
entirely within the Park’s boundaries, which is almost completely forested and only
minimally disturbed.

Other potential reference sites in both Maryland and Virginia were assessed during the
course of the study. Due to difficulties encountered while attempting to locate suitable
reference sites in the Coastal Plain physiographic province, Kane Creek was chosen as
a reference stream based on the use of the least impaired sites approach (Karr et al.
1986).

Fairfax County Stream Protection Strategy
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APPENDIX B

BENTHIC MACROINVERTEBRATE PROTOCOLS

Benthic macroinvertebrate communities are a major component of any healthy stream
system. They are an important link in any aquatic food web, forming the core diet of
many stream fishes. These organisms are also useful indicators of water quality, due to
their varying tolerances to chemical, nutrient, and sediment pollution.

B.1 RBP High- and Low-gradient field Sampling Methods

Two separate techniques were employed to evaluate the benthic macroinvertebrate
communities of Fairfax County. A modified version of EPA’s Rapid Bioassessment
Protocol (RBP) for benthic sampling in high-gradient streams was used to collect
samples from the Triassic Basin and Piedmont provinces (Barbour, et al, 1999). Sites
within the Coastal Plain province were sampled using the “Twenty Jab” method. This
technique was designed by the Mid-Atlantic Coastal Streams Workgroup (MACS)
specifically for low-gradient streams (US EPA, 1997), and adopted for use in the EPA’s
RBP for benthic macroinvertebrate sampling in low-gradient areas. Samples collected
in the field were preserved with 10% (by volume of sample jar) formalin solution (17%
formaldehyde).

Genus-level classification of all macroinvertebrates samples was performed using
selected taxonomic keys (Pennak 1989, Peckarsky 1990, Merritt and Cummins 1996).
However, time constraints prevented the more detailed examinations required to identify
taxa such as aquatic worms (Oligochaeta) and midge larvae (Chironomidae) to this
level. In such cases, higher-tier classifications were considered sufficient.

The Quality Assurance and Quality Control (QA/QC) methodology defined by the RBP
protocols was followed. The QA/QC procedure is designed to ensure that the data
collected complies with the Goals and Objectives set forth in the Introduction chapter of
the main report. Specific QA/QC procedures are outlined in separate sections where
applicable.

B.2 Laboratory identification and analysis

The following laboratory equipment was used to identify, record and catalog the benthic
macroinvertebrate samples:

e benthic sample
e 8-inch diameter sieve with 500 micron mesh sorting grid, (30 squares) with 500
micron mesh (Figure B1)

Fairfax County Stream Protection Strategy
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polyethylene wash tray, dissecting microscope,

fiber-optic light source

temporary formalin storage jar; funnel

95% ethanol

scintillation vials

9-unit laboratory counter with grand total counter

extra-fine/jewelers forceps

chain-of-custody form and QA/QC log in sheets (Figures B2 & B3)
benthic macroinvertebrate laboratory benchsheets (Figures B4 & B5)

Formalin-preserved field samples were later transferred to a 95% denatured ethanol
solution to reduce the exposure to dangerous formaldehyde vapors during the sub-
sampling, sorting, and identification processes. Universal precaution techniques,
including the use of goggles and gloves, were utilized by all staff members while
working in the laboratory. All work involving volatile chemicals and preservatives was
conducted under a fume hood. All staff members were informed about chemical safety
and hazards of chemicals associated with sampling techniques. In accordance with
OSHA, Material Safety Data Sheets (MSDS) were and are posted and readily available
in the laboratory. All hazardous chemicals were disposed of in accordance with
applicable state and local guidelines.

Figure B1: View of top and bottom of sub-sampler built by SPS staff.
Fr.-rq.-.. P REE N |

&

Upon arrival in the lab, field samples
were logged in (figure B2). Invertebrate
collections were developed by spreading
each respective sample over the surface
of a 30 x 36 cm (500 micron) mesh
sorting grid sub-sampler (Caton, 1991)
(Figure B1). A sub-sample of individuals
was picked from a randomly selected
square subdivision marked on the grid’s
surface (30 total squares). A tally of
specimens continued until a minimum of
200 were obtained; all organisms were
picked and counted from the square
containing the 200™, allowing for a total of
greater than two hundred individuals.
The 200+ specimens for each site were
then transferred to a scintillation vial,
preserved with 95% ethanol, and labeled
with the following information:

Fairfax County Stream Protection Strategy
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Site code

Date collected

Sorted by

Total number of organisms in the sample (chironomids, oligochaetes, others)
QA/QC information (where applicable)

In compliance with QA/QC protocols, after laboratory processing was completed for a
given sample, all sieves, pans, trays, etc., that had come in contact with the sample
were rinsed thoroughly, examined carefully, and picked free of organisms or debris.
Organisms found were added to the sample residue. Additionally, 10% of picked
samples (randomly selected) were re-tallied to ensure numerical consistency.

Once all site samples were sub-sampled, sorted, and labeled, taxonomic identifications
were then made to the genus level. The representatives in each respective taxonomic
grouping were enumerated and recorded on the macroinvertebrate data bench sheet
(figures B4 & B5) and on the sample identification log-in sheet (figure B3). All
individuals from the sub-sample were then returned to the 95% ethanol solution and
archived. To ensure conformity with QA/QC protocols, these additional steps were
taken:

e Ten percent of the already processed and identified samples were randomly
selected and rechecked for taxonomic and numerical consistency (Figure B3).

e A voucher collection of all samples and sub-samples was maintained. These
specimens were properly labeled, preserved, and stored in the laboratory for future
reference.

e A reference collection of each identified taxon was also maintained and verified by a
second taxonomist.

Because of the time and labor requirements of precise identification of oligochaetes
(aquatic worms) and chironomid (midge) larvae, these two groups were not identified
down to the genus level. Oligochaetes were identified at the class level, and
chironomids were identified at the family level. Tolerance values for both of these
invertebrate groups both fall within a narrow range of values. Oligochaetes by and large
fall primarily into the moderately tolerant (5) to tolerant (10) range, with only a very small
subsection of species being slightly intolerant (<5). The tolerance value of 8 was used
for all identified aquatic worms. The four sub-families of chironomidae found in this
province are all moderately tolerant, with tolerance values ranging from 5 to 7.
Therefore, the average tolerance value of 6 was assigned to all midges for use in the IBI
metrics.

Fairfax County Stream Protection Strategy
Stormwater Planning Division, DPWES



Figure B2: Laboratory log-in sheet for macroinvertebrate samples

Benthic Macroinvertebrate Sample Log-in Sheet

Site
Code

Stream
Name

Date
collect

# jars

Preservation

Date
received by

Date of completion

Initials

sorting

identification

sorter

identifier

QA/QC
Site?
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Figure B3: Macroinvertebrate QA/QC sample identification log-in data sheet

]
-]

]
(=]

]
o

[N]
Ia

(]
(o8]

]
(]

R
—_

L]
(=]

—
e

—_—
e's]

—
-]

—
=]

—_
h

—
I

=N
ah

—
o]

—
—_

-
L~

SIer Jo | apo7) a)g B|dweg

ajeq

s[eniu]
uoREdsLRUSp

é=u

{9IS
J0IVD

ajeq

s[egiu]

u

]
-~

uopeayuap| D00

uoneoynuap] 1oj3eays uj bo aidwes J2o/v0

Fairfax County Stream Protection Strategy
Stormwater Planning Division, DPWES




Figure B4: Benthic macroinvertebrate sample identification data sheet (front).

Site Code

Benthic Macroinvertebrate Laboratory Bench Sheet
(front)

Agency: Stormwater Management Branch
Project: Stream Protection Strategy Study

Sorting start date: Identification start date:
Sorting finish date: Identification finish date:
Stream Name: Collector:
Stream Order: Processor:
Drainage basin: Taxonomist:
Subsample Target: 200 Organisms Number sorted:
QC Sample? Y N QCSite? Y N Number ID'ed:
Organisms # L.S. T.1.
Order Family Genus

Oligochaeta

Hirudinea

Isopoda

Amphipoda

Decapoda

Ephemeroptera

Plecoptera

Odonata

Subtotal:

L.S. = Life Stage (i.e. adults, pupae, or larvae/immatures)
T.l. = Taxonomist's Initials

Fairfax County Stream Protection Strategy
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Figure B5: Benthic macroinvertebrate sample identification data sheet (back).

Site Code
Benthic Macroinvertebrate Laboratory Bench Sheet
(back)
Organisms # L.S. T.1.
Order Family Genus

Trichoptera
Hemiptera
Megaloptera
Coleoptera
Diptera
Gastropoda
Pelecypoda
Other

Grand Total:

L.S. = Life Stage (i.e. adults, pupae, or larvae/immatures)
T.l. = Taxonomist's Initials

Fairfax County Stream Protection Strategy
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B.3 Development of a Benthic Macroinvertebrate Index of Biotic Integrity (IBI)

The response of a given biological community to environmental degradation can provide
a useful measure of overall system health. Such responses, often evident as changes
in community structure and composition, can highlight single-source environmental
stressors, or the cumulative impact of multiple stressors. Potential measures of relative
tolerance and intolerance will be identified from within the various subcategories (i.e.,
genus, species, functional group) of the macroinvertebrate communities.

These attributes, or “metrics,” were used to construct the foundation of an Index of
Biotic Integrity (IBI) for ranking each study site. The IBI has two distinct components;
(1) a set of criteria which transforms the metric values into scores that can then be used
in the aggregate and (2) narrative “integrity” classes (excellent, good, fair, poor and very
poor) which reflect relative correspondence to the numeric rating of the “reference”
condition. Examples are shown in Table B1.

Table B1: Classification ratings used on total IBI scores.

IBI SPS

SCORE RATING DESCRIPTION

Equivalent to reference conditions; High
80 to 100 Excellent |biodiversity and balanced community

Slightly degraded site with intolerant species
60 to 80 Good decreasing in numbers

Marked decrease in intolerant species; shift to an
40 to 60 Fair unbalanced community

Intolerant species rare or absent, decreased
20 to 40 Poor diversity

Degraded site dominated by a small number of

0 to 20 Very Poor [tolerant species

For the benthic macroinvertebrates, IBls were created separately for the
Piedmont/Triassic basin areas and the Coastal Plain area. An IBI was created for the
Coastal Plain province using metrics taken from the Mid-Atlantic Integrated Assessment
(MAIA) data report (Table B1), Assessment Framework for Mid-Atlantic Coastal Plain
Streams Using Benthic Macroinvertebrates (Maxted et al. 1999). For the Piedmont-
Triassic area the Index of MacroBenthic Integrity (IMBI) (Jones 2000, personal
communication) was used (Table B2) since it provided regionally tested metrics and
multi-year data for the same reference sites which were used in the SPS study.

Fairfax County Stream Protection Strategy
Stormwater Planning Division, DPWES
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Table B2: Metrics used for the Coastal Plain sites. (Based on Maxted et al. 1999.)

COASTAL PLAIN IBI METRICS

METRIC

DESCRIPTION

1. Taxa Richness

Number of different taxa at a site

2. EPT Taxa

Number of Mayfly, Stonefly and Caddisfly
taxa at a site

w

. Percent Ephemeroptera

Percent of sample that was in the order
Ephemeroptera

4. Hilsenhoff Biotic Index

Hilsenhoff Biotic Index - general
tolerance/intolerance of the sample

ol

. Percent Clingers

Percent of individuals whose habitat type is

clingers

Table B3: IMBI metric descriptions (Jones 2000).

PIEDMONT AND TRIASSIC BASIN IMBI METRICS

METRICS

DESCRIPTIONS

1. Taxa Richness

Number of different taxa at a site

2. EPT richness

Number of Mayfly, Stonefly and Caddisfly taxa at a
site

3. Percent EPT

Percent of sample that are Mayfly, Stonefly and
Caddisfly excluding the tolerant Net-Spinning
Caddisflies (Hydropsychidae)

4. Percent Trichoptera w/o Hydropsychidae

Percent of sample that are Caddisflies excluding
the tolerant Net-Spinning Caddisflies
(Hydropsychidae)

5. Percent Coleoptera

Percent of sample that are beetles

6. Family Biotic Index

General tolerance/intolerance of the sample

7. Percent Dominance

Percent of the most abundant taxa

8. Percent Clingers + Percent Plecoptera

Percent of individuals whose habitat type is clingers
plus percent of sample that are stoneflies but are
not clingers

9. Percent Shredders

Percent of individuals that uses shredding as its
primary functional feeding group

10. Percent Predators

Percent of individuals that uses predation as its
primary functional feeding group

Fairfax County Stream Protection Strategy

Stormwater Planning Division, DPWES
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Figure B6: Box and Whisker Plot of Total Taxa for the Piedmont/Triassic Basin.
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Example 1: For metric values that decrease with increasing disturbance (Total Taxa, EPT
Richness, % EPT w/o Hydropsychidae, % Trichoptera w/o Hydropsychidae, % Coleoptera, %
Clingers plus % Plecoptera, % Clingers, % Shredders, % Ephemeroptera and % Predators).

The data for total taxa from the Piedmont and

Table B4: Metric value conversions for

Triassic Basin reference areas and the SPS Example L .

. Site Converted Final
total taxa data were plotted against each other
using a box and whisker plot. The 25" Values Values Value
percentile from the reference data was then ’ S S
designated as the “reference condition” value. 10 .14 .14
Therefore, any value above that mark was 22 15.71 10
considered equivalent to reference conditions. 13 9.29 9.29
The 25" percentile value of the reference data 8 571 571
was, then divided by 10 to obtain the 5 3.57 3.57
conversion factor. In this example (Figure B6) 4 286 286
the conversion factor would be 14 (the 25" 14 10.00 10
percentile of the reference conditions) divided 6 4_'29 429
by 10 (the upper limit of the 10-point scale), 3 514 514
which is 1.4. All the SPS site values for total ' '

17 12.14 10

taxa were then divided by the conversion

factor to convert them to the final O to 10 scale (Table B4). If the resulting value was
more than 10, it was rectified to 10. The resulting values were summed to give each
site a rating between 0 — 100. Each site was given a qualitative ranking based on its

final rating (Table B3).

Fairfax County Stream Protection Strategy
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These steps were also performed for the Coastal Plain SPS site data. Unlike the
Piedmont and Triassic Basin sites however, for which spatially and temporally broad
reference information was available, the Coastal Plain sites were only compared to
Kane Creek. The metric scores for the Kane Creek site were used in lieu of the 25"
percentile of aggregate reference data for inversely-correlated metrics (Total Taxa, EPT
Richness, % Ephemeroptera and % Clingers).

Figure B7: Box and Whisker Plot of % Dominance for the Piedmont/Triassic basin.
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Example 2: For metric values that increase with increasing disturbance (i.e. FBI, HBI and
Percent Dominance).

) Table B5: Metric value conversions for
The data for percent dominance from the  Example 2.

Piedmont/Triassic basin reference areas [spssSiel 100 - TcConverted] Einal
and the SPS data were plotted against value | SPSsite| Value value
each other using a box and whisker plot. 59.38 20.62 904 904
In this case, the 75" percentile from the 49 03 50.97 1135 10

reference data was designated as the 94:44 5.56 1.'24 104
“reference condition” value. The 88.79 1121 550 550
difference between these metrics and 8o 14 17 86 308 308
those from example 1 is that the best 5874 1126 919 919
value obtainable is O for the metric 90 70 930 > 07 > 07
instead of 100, and the 75™ percentile of 95 83 117 0.93 593
the reference data, rather than the 25", is 76.87 2?; 13 5'15 5'15
the 10 value on the 0 to 10 scale. In this 95.88 2 '12 0'92 0'92
example (Figure B7), 100% dominance is 50'72 49' -8 16 97 iO

the O value and 55.08 is the 10 value. In 2963 £0 37 1101 10

order to obtain the conversion factor, the

Fairfax County Stream Protection Strategy
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75" percentile value for the reference condition was subtracted from its upper limits.
This value was then divided into 10 to arrive at the conversion factor. So in this
example, the 75" percentile (55.08) is subtracted from the upper limit of this metric
(100) to give 44.92. The final step to obtain the conversion factor is to divide 10 by
44.92, which yields 0.22262. Individual values from the SPS sites for percent
dominance were then taken and subtracted from 100. Each value was then multiplied
by the conversion factor to give the 0 to 10 value for that site (Table B5). If the value
exceeded 10, the site was given a value of 10. This procedure was also followed for the
coastal plain SPS sites using the coastal plain reference data. The converted values for
each site were then summed to form a 0 to 100 scale. Since the coastal plain IBI
consisted of only 5 metrics, the summed total was doubled to give it a 0 to 100 range
(Table B3). The final IBI score for all the sites were then used to help create the
Andrew’s Curves in the countywide stream rankings (Appendix H).

These steps were also performed for the Coastal Plain SPS site data. Unlike the
Piedmont and Triassic Basin sites however, for which spatially and temporally broad
reference information was available, the Coastal Plain sites were only compared to
Kane Creek. The metric scores for the Kane Creek site were used in lieu of the 75
percentile of aggregate reference data for the one directly correlated metric (Hilsenhoff
Biotic Index).

B.4 Tolerance Values, Functional Feeding Groups and
Habitat Classification for Benthic Macroinvertebrates

In order to assess benthic macroinvertebrate community health using the 1BI,
gualification of family- and genus-specific community traits is necessary (i.e. total taxa,
percent ephemeroptera). The following tables list the tolerance values, functional
feeding groups and habitat classification for the benthic macroinvertebrates identified in
the SPS study. Since the benthic macroinvertebrates were sampled from two distinct
physiographic provinces (Coastal Plain vs Piedmont/Triassic Basin), separate values for
each community trait were used depending on which province they were sampled from.
For the Coastal Plain IBI, both tolerance values and habitat classification (Table B6)
were based on genus-level identifications. The Piedmont and Triassic Basin IBI
contains metrics which require functional feeding group (FFG) and habitat guilds
designations (Table B7) for genus-level taxonomic resolution, while the metric based on
the tolerance values (FBI) required only family-level identifications (Table B8).
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Table B6: Tolerance values (TV) and habitat designations for Coastal Plain sites taken
from Assessment Framework for Mid-Atlantic Coastal Plain Streams Using Benthic

Macroinvertebrates (Maxted et al. 1999). Abbreviations for habitat are as follows: BU -
Burrower, CG - Clinger, CL - Climber, SK - Skater, SP - Sprawler, and SW - Swimmer.

Class | Order | Family | Genus | TV | Habitat
Arachnida Acari Aturidae Brachypoda
Hydrachnidae Hydrachna
Hygrobates
Atractides
Lebertiidae Lebertia
Limnesiidae Limnesia
Mideopsidae Mideopsis
Sperchonidae Sperchon
Torrenticolidae Torrenticola
Unionicolidae Neumania
Bivalvia Pelecypoda Corbiculidae Corbicula 4
Sphaeriidae Unidentified 8
Pisidium 8
Sphaerium 8
Crustacea Amphipoda Crangonyctidae Crangonyx 4
Gammaridae Gammarus 6
Decapoda Cambaridae Unidentified 6
Cambarus 6
Isopoda Asellidae Caecidotea 6
Gastropoda Limnophila Ancylidae Unidentified
Ferrissia 7
Lymnaidae Fossaria 6
Pseudosuccinea 6
Physidae Unidentified
Physella
Planorbidae Unidentified 6
Gyraulus 7
Helisoma 7
Menetus 6
Planorbella 6
Mesogastropoda Hydrobiidae Amnicola 8
Valvatidae Valvata
Viviparidae Viviparus
Hirudinea Pharyngobdellida Erpobdellidae Mooreobdella
Rhynchobdellida Glossiphoniidae Helobdella
Piscicolidae Myzobdella
Hydrozoa Hydroida Hydridae Hydra 3
Insecta Coleoptera Dryopidae Helichus 5 CG
Dytiscidae Agabus 5 SW
Liodessus CL
Oreodytes CL
Potamonectes CL
Elmidae Ancyronyx 2 CG
Dubiraphia 6 CG
Macronychus 2 CG
Microcylloepus 2 CG
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Table B6 (cont.): Tolerance values (TV) and habitat designations for Coastal Plain sites
taken from Assessment Framework for Mid-Atlantic Coastal Plain Streams Using
Benthic Macroinvertebrates (Maxted et al. 1999). Abbreviations for habitat are as
follows: BU - Burrower, CG - Clinger, CL - Climber, SK - Skater, SP - Sprawler, and SW
— Swimmer.

Class | Order | Family | Genus | TV | Habitat

Optioservus 4 CG
Oulimnius CG
Promoresia 2 CG
Stenelmis 5 CG

Hydrophilidae Berosus SW
Paracymus BU

Limnichidae Unidentified CG

Psephenidae Ectopria 5 CG
Psephenus CG

Salpingidae Unidentified

Staphylinidae Psephidonus CG

Collembola Isotomidae Agrenia SP

Isotomurus SP

Poduridae Podura

Diptera Ceratopogonidae Alluaudomyia

Bezzia 6 BU
Ceratopogon 6
Culicoides 10 BU
Dasyhelea SP
Leptoconops
Mallochohelea
Probezzia 6 BU

Chironomidae Unidentified 6 BU

Culicidae Culex 8 SW

Dolichopodidae Unidentified

Empidae Unidentified SP

Empididae Chelifera 6 SP
Clinocera 6 CG
Hemerodromia 6 SP

Psychodidae Unidentified

Simuliidae Prosimulium 4 CG
Simulium 6 CG

Stratiomyiidae Odontomyia 7 SP
Stratiomys SP

Tabanidae Unidentified
Chrysops 7 SP

Tipulidae Unidentified 3 BU
Antocha 3 BU
Brachypremna 3 BU
Dicranota 3 BU
Hexatoma 2 BU
Leptotarsus 3 BU
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Table B6 (cont.): Tolerance values (TV) and habitat designations for Coastal Plain
sites taken from Assessment Framework for Mid-Atlantic Coastal Plain Streams Using
Benthic Macroinvertebrates (Maxted et al. 1999). Abbreviations for habitat are as
follows: BU - Burrower, CG - Clinger, CL - Climber, SK - Skater, SP - Sprawler, and SW

— Swimmer.
Class | Order | Family | Genus TV | Habitat
Rhabdomastix 3 BU
Tipula 4 BU
Ephemeroptera  Ameletidae Ameletus
Baetidae Acentrella 4 SW
Baetis 6 SW
Fallceon 4 SW
Paracloeodes 4 SW
Caenidae Caenis 7 SP
Ephemerellidae Attenella CG
Ephemerella 2 CG
Eurylophella 4 CG
Serratella 2 CG
Timpanoga CG
Heptageniidae Unidentified 4 CG
Epeorus 4 CG
Stenacron 4 CG
Stenonema 3 CG
Isonychiidae Isonychia 2 SW
Leptophlebiidae Habrophlebia
Habrophlebiodes
Paraleptophlebia 1 SW
Hemiptera Velliidae Microwelia 6 SK
Lepidoptera Noctuidae Archanara
Pyralidae Acentria
Crambus
Petrophila CG
Tortricidae Archips
Bactra
Megaloptera Corydalidae Corydalus 5 CG
Nigronia 2 CG
Sialidae Sialis 4 BU
Odonata Aeshnidae Unidentified 3 CL
Boyeria 2 CL
Calopterygidae Calopteryx 6 CL
Hetaerina 5 CL
Coenagrionidae Argia 6 CG
Enallagma 8 CL
Ischnura 9 CL
Cordulegastridae Cordulegaster 3 BU
Corduliidae Unidentified 5 SP
Gomphidae Unidentified 1 BU
Dromogomphus BU
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Table B6 (cont.): Tolerance values (TV) and habitat designations for Coastal Plain
sites taken from Assessment Framework for Mid-Atlantic Coastal Plain Streams Using
Benthic Macroinvertebrates (Maxted et al. 1999). Abbreviations for habitat are as
follows: BU - Burrower, CG - Clinger, CL - Climber, SK - Skater, SP - Sprawler, and SW
— Swimmer.

Class | Order | Family | Genus | TV | Habitat
Gomphus 5 BU
Lanthus 1 BU
Stylogomphus 1 BU
Stylurus 1 SP
Libellulidae Unidentified 9 SP
Plecoptera Chloroperlidae Unidentified CG
Haploperla CG
Sweltsa CG
Leuctridae Leuctra 0 CG
Zealeuctra
Nemouridae Amphinemura 3 SP
Nemoura SP
Podmosta
Prostoia SP
Shipsa SP
Perlidae Acroneuria 0 CG
Perlesta 1 CG
Perlinella 1 CG
Perlodidae Unidentified 2 CG
Diploperla 2 CG
Diura 2 CG
Isoperla 2 CG
Taeniopterygidae Strophopteryx 3 SP
Taeniopteryx 2 SP
Trichoptera Brachycentridae Micrasema 2 CG
Calamoceratidae Ansiocentropus 2 SP
Glossosomatidae Agapetus CG
Hydropsychidae Unidentified 4 CG
Ceratopsyche 4 CG
Cheumatopsyche 5 CG
Diplectrona 0 CG
Hydropsyche 4 CG
Hydroptilidae Unidentified CG
Agraylea 5 CL
Hydroptila 6 CG
Ochrotrichia CG
Stactobiella CG
Lepidostomatidae Lepidostoma 1 CL
Leptoceridae Ceraclea 3 SP
Oecetis 8 CG
Limnephilidae Apatania 4 CL
Chyrandra 4 CL
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Table B6 (cont.): Tolerance values (TV) and habitat designations for Coastal Plain sites
taken from Assessment Framework for Mid-Atlantic Coastal Plain Streams Using
Benthic Macroinvertebrates (Maxted et al. 1999). Abbreviations for habitat are as
follows: BU - Burrower, CG - Clinger, CL - Climber, SK - Skater, SP - Sprawler, and SW

— Swimmer.
Class | Order Family | Genus | TV | Habitat
Lenarchus 4 CL
Pycnopsyche 4 SP
Philopotamidae Chimarra 4 CG
Dolophilodes 3 CG
Wormaldia 3 CG
Polycentropodidae Cyrnellus CG
Neureclipsis 7 CG
Nyctiophylax 5 CG
Phylocentropus CG
Polycentropus 6 CG
Psychomyiidae Lype 2 CG
Rhyacophilidae Rhyacophila CG
Uenoidae Neophylax CG
Nematomorpha Unidentified
Oligochaeta Unidentified 8
Turbellaria Unidentified
Macrostomida Macrostomidae Macrostomum
Tricladida Planariidae Unidentified
Cura
Hymanella
Phagocata
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Table B7: Functional Feeding Groups (FFG) and Habitat values for Piedmont and
Triassic Basin (Merrit and Cummings, 1996). Abbreviations for Habitat are as follows:
BU - Burrower, CG - Clinger, CL - Climber, SK - Skater, SP - Sprawler, and SW -

Swimmer.
Class Order | Family | Genus | FFG |Habitat
Arachnida Acari Aturidae Brachypoda Predator
Hydrachnidae Atractides Predator
Hydrachna Predator
Hygrobates Predator
Lebertiidae Lebertia Predator
Limnesiidae Limnesia Predator
Mideopsidae Mideopsis Predator
Sperchonidae Sperchon Predator
Torrenticolidae Torrenticola Predator
Unionicolidae Neumania Predator
Bivalvia Pelecypoda Corbiculidae Corbicula Filterer
Sphaeriidae Unidentified Filterer
Pisidium Filterer
Sphaerium Collector
Crustacea Amphipoda Crangonyctidae Crangonyx Collector
Gammaridae Gammarus Omnivore
Decapoda Cambaridae Cambarus
Unidentified Collector
Isopoda Asellidae Caecidotea Collector
Gastropoda Limnophila Ancylidae Unidentified Scraper
Ferrissia Scraper
Lymnaidae Fossaria
Pseudosuccinea Scraper
Physidae Unidentified Scraper
Physella Scraper
Planorbidae Unidentified Scraper
Gyraulus Scraper
Helisoma
Menetus
Planorbella Scraper
Mesogastropoda Hydrobiidae Amnicola
Valvatidae Valvata Scraper
Viviparidae Viviparus Scraper
Hirudinea Pharyngobdellida Erpobdellidae Mooreobdella Predator
Rhynchobdellida Glossiphoniidae Helobdella Predator
Piscicolidae Myzobdella
Hydrozoa Hydroida Hydridae Hydra Predator CG
Insecta Coleoptera Dryopidae Agabus Predator SwW
Helichus Shredder CG
Liodessus Predator CL
Oreodytes Predator CL
Potamonectes Predator CL
Elmidae Unidentified Collector CG
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Table B7 (cont.): Functional Feeding Groups (FFG) and Habitat values for Piedmont and
Triassic Basin (Merrit and Cummings. 1996). Abbreviations for Habitat are as follows:
BU - Burrower, CG - Clinger, CL - Climber, SK - Skater, SP - Sprawler, and SW -
Swimmer.

Family Genus FFG | Habitat
Ancyronyx Collector CG
Dubiraphia Collector CG
Macronychus Collector CG
Microcylloepus Collector CG
Optioservus Scraper CG
Oulimnius Collector CG
Promoresia Collector CG
Stenelmis Scraper CG
Hydrophilidae Berosus Predator CL
Paracymus Predator BU
Limnichidae Unidentified Collector CG
Psephenidae Ectopria Scraper CG
Psephenus Scraper CG
Salpingidae Unidentified
Staphylinidae Psephidonus Predator CL
Collembola Isotomidae Agrenia Collector SK
Isotomurus
Poduridae Podura Collector SK
Ceratopogonidae  Unidentified Predator SP
Alluaudomyia Predator BU
Bezzia Predator BU
Ceratopogon Predator SP
Culicoides Predator BU
Dasyhelea Collector SP
Leptoconops Predator BU
Mallochohelea Predator BU
Probezzia Predator BU
Chironomidae Unidentified Collector BU
Culicidae Culex Filterer SW
Dolichopodidae Unidentified Predator SP
Empidae Unidentified Predator SP
Empididae Chelifera Predator SP
Clinocera Predator CG
Hemerodromia Predator SP
Psychodidae Unidentified Collector BU
Simuliidae Prosimulium Filterer CG
Simulium Filterer CG
Stratiomyiidae Odontomyia Collector SP
Stratiomys Collector SP
Tabanidae Unidentified Predator SP
Chrysops Predator SP
Tipulidae Unidentified Shredder BU
Antocha Collector CG
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Table B7 (cont.): Functional Feeding Groups (FFG) and Habitat values for Piedmont

and Triassic Basin (Merrit and Cummings. 1996). Abbreviations for Habitat are as

follows: BU - Burrower, CG - Clinger, CL - Climber, SK - Skater, SP - Sprawler, and SW

- Swimmer.
Class Order Family Genus FFG | Habitat

Brachypremna  Shredder BU
Dicranota Predator SP
Hexatoma Predator BU
Leptotarsus Shredder BU
Limnophila Predator BU
Molophilus Shredder BU
Rhabdomastix  Shredder BU
Tipula Shredder BU
Ephemeroptera Ameletidae Ameletus Scraper SW
Baetidae Acentrella Collector SW
Baetis Collector SW
Fallceon Collector SW
Paracloeodes Scraper SW
Caenidae Caenis Collector SP
Ephemerellidae Attenella Collector CG
Ephemerella Collector CG
Eurylophella Collector CG
Serratella Collector CG
Timpanoga Collector CG
Heptageniidae Unidentified Scraper CG
Epeorus Collector CG
Stenacron Collector CG
Stenonema Scraper CG
Isonychiidae Isonychia Filterer SW
Leptophlebiidae Habrophlebia Collector SW
Habrophlebiodes Scraper SW
Paraleptophlebia Collector SW

Hemiptera Velliidae Unidentified
Lepidoptera Microwelia Predator SK
Noctuidae Archanara Shredder BU
Pyralidae Acentria Shredder CL
Crambus Shredder CL
Petrophila Scraper CG
Tortricidae Archips Shredder BU
Bactra Shredder BU
Megaloptera Corydalidae Nigronia Predator CG
Corydalidae Corydalus Predator CG
Sialidae Sialis Predator BU
Odonata Aeshnidae Unidentified Predator CL
Boyeria Predator CL
Calopterygidae Calopteryx Predator CL
Hetaerina Predator CL
Coenagrionidae Argia Predator CG
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Table B7 (cont.): Functional Feeding Groups (FFG) and Habitat values for Piedmont
and Triassic Basin (Merrit and Cummings. 1996). Abbreviations for Habitat are as
follows: BU - Burrower, CG - Clinger, CL - Climber, SK - Skater, SP - Sprawler, and SW

- Swimmer.
Class | Order Family | Genus | FFG |Habitat

Enallagma Predator CL

Ischnura Predator CL

Cordulegastridae Cordulegaster Predator BU
Corduliidae Unidentified Predator SP
Gomphidae Unidentified Predator BU
Dromogomphus Predator BU

Gomphus Predator BU

Lanthus Predator BU

Stylogomphus Predator BU

Stylurus Predator BU

Libellulidae Unidentified Predator SP
Plecoptera Chloroperlidae Unidentified Predator CG
Haploperla Predator CG

Sweltsa Predator CG

Leuctridae Leuctra Shredder SP
Zealeuctra Shredder SP

Nemouridae Amphinemura Shredder SP
Nemoura Shredder SP

Podmosta Shredder SP

Prostoia Shredder SP

Shipsa Shredder SP

Perlidae Acroneuria Predator CG
Perlesta Predator CG

Perlinella Predator CG

Perlodidae Unidentified Predator CG
Diploperla Predator CG

Diura Scraper CG

Isoperla Predator CG

Taeniopterygidae Strophopteryx Shredder SP
Taeniopteryx Shredder SP

Trichoptera Brachycentridae Micrasema Shredder CG
Calamoceratidae Ansiocentropus Shredder SP
Glossosomatidae Agapetus Scraper CG
Hydropsychidae Unidentified Filterer CG
Ceratopsyche Filterer CG

Cheumatopsyche  Filterer CG

Diplectrona Filterer CG

Hydropsyche Filterer CG

Hydroptilidae Unidentified Predator CG
Agraylea Predator CL

Hydroptila Predator CL

Ocbhrotrichia Collector CG

Stactobiella Shredder CG
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Table B7 (cont.): Functional Feeding Groups (FFG) and Habitat values for Piedmont
and Triassic Basin (Merrit and Cummings. 1996). Abbreviations for Habitat are as
follows: BU - Burrower, CG - Clinger, CL - Climber, SK - Skater, SP - Sprawler, and SW

- Swimmer.
Class | Order Family Genus | FFG | Habitat
Stactobiella Shredder CG
Lepidostomatidae  Lepidostoma Shredder CL
Leptoceridae Ceraclea Collector SP
Oecetis Predator CG
Limnephilidae Apatania Scraper CL
Chyrandra Shredder SP
Lenarchus Collector SP
Pycnopsyche Shredder SP
Philopotamidae Chimarra Filterer CG
Dolophilodes Filterer CG
Wormaldia Filterer CG
Polycentropodidae Cyrnellus Filterer CG
Neureclipsis Filterer CG
Nyctiophylax Filterer CG
Phylocentropus Filterer BU
Polycentropus Predator CG
Psychomyiidae Lype Scraper CG
Rhyacophilidae Rhyacophila Predator CG
Uenoidae Neophylax Scraper CG
Oligochaeta Unidentified BU
Turbellaria Unidentified Predator
Macrostomida Macrostomidae Macrostomum
Tricladida Planariidae Unidentified Omnivore
Cura
Hymanella
Phagocata
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Table B8: Family tolerance values (TV) for Piedmont/Triassic Basin sites (Hilsenhoff,
1987, as revised by Kurtenback, http://www.eclipse.net/~sbwa/ftv.htm).

Phylum | cClass | Order | Family |

Annelida Hirudinea Pharyngobdellida  Erpobdellidae
Rhynchobdellida Piscicolidae
Glossiphoniidae
Oligochaeta Unidentified

Arthropoda Arachnida Acari Aturidae
Unionicolidae
Torrenticolidae
Sperchonidae
Mideopsidae
Limnesiidae
Lebertiidae
Hydrachnidae
Hygrobatidae
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Crustacea Amphipoda Crangonyctidae
Gammaridae
Decapoda Cambaridae
Isopoda Asellidae

Insecta Coleoptera Dytiscidae
Psephenidae
Elmidae
Staphylinidae
Dryopidae
Hydrophilidae
Poduridae
Isotomidae

Diptera Stratiomyiidae
Culicidae
Psychodidae
Tipulidae
Dolichopodidae
Simuliidae
Tabanidae
Empididae
Ceratopogonidae
Chironomidae
Ephemeroptera Ameletidae

Ephemerellidae
Isonychiidae
Leptophlebiidae
Baetidae
Heptageniidae
Caenidae
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Table B8 (cont.): Family tolerance values (TV) for Piedmont/Triassic Basin sites
(Hilsenhoff 1987, as revised by Kurtenback, http://www.eclipse.net/~sbwa/ftv.htm).

Phylum | cClass | Order

Family

TV

Hemiptera
Lepidoptera

Megaloptera

Odonata

Plecoptera

Trichoptera

Velliidae
Noctuidae
Pyralidae
Corydalidae
Sialidae
Gomphidae
Aeshnidae
Cordulegastridae
Calopterygidae
Corduliidae
Libellulidae
Coenagrionidae
Leuctridae
Perlidae
Chloroperlidae
Perlodidae
Taeniopterygidae
Nemouridae
Uenoidae
Glossosomatidae
Calamoceratidae
Rhyacophilidae
Brachycentridae
Lepidostomatidae
Psychomyiidae
Philopotamidae
Limnephilidae
Leptoceridae
Hydroptilidae
Hydropsychidae
Polycentropodidae

NNNRPPOOOUTOWWE MOOU

Coelenterata Hydrozoa Hydroida

Hydridae

Mollusca Bivalvia Pelecypoda

Sphaeriidae
Corbicu