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CONVERSION FACTORS ABBREVIATIONS 'AND DEFINITIONS |

Multiply By To obtain
Length
micrometer (pm) 0.00003937 inch
millimeter (mmj} 0.03937 inch -
centimeter (cm) 0.3937 inch
meter {m) 3.281 foot
Area
square centimeter (cm?) 0.1550 square inch
square meter (m?) 10.76 square foot
Volume
fiter (L) 0.2642 ~galion
milliliter (mL) 0.0338 ounce, fluid
dram (dr) 0.0625 ounce, avoirdupois
Mass
gram (g} 0.035627 ounce, avoirdupois

Temperature Conversion

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:

°F = 9/5(°C) + 32
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Abbreviations frequently used in this report

BG Biological Group

BiMI(s) benthic macroinvertebrate(s)

CTA Custom Taxonomic Assessment

NAWQA National Water-Quality Assessment Program

NWQL National Water Quality Laboratory

QA/QC quality assurance/quality control

Qc quality control

RBP Rapid Bicassessment Protocol

RTA Rapid Taxonomic Assessment

SOP standard ope_rating procedure

STA Standard Taxonomic Assessment

USEPA o U_.§.__En\_r_ironmental Protection Agency

. USGS US. Geological Survey

T&E threatened and endangered

> greater than

< less than

< less than or equal to

2 greater than or equal to

# 'plus or minus

Glossary

Density The abundance of benthic macroinveriebrates per unit area.

High(er} taxocnomic level Levetls of taxonomy, such as Class, Order, or Family; may also be
used to indicate a relation (for example, Family is a higher level than
Genus), .

Large-rare ~ Large and generally rare organisms present in a sample that may or
may not be accounted for in the sorted portion of a subsample.

Low(er) taxonomic level Levels of taxonomy, such as Genus or Species; may also be used to
indicate a relation (for example, Genus is a fower level than Family)

Unprocessed abundance The actual number of organisms identified and enumerated for a taxon
or sample; often referred to as “raw abundance.”,

Remnant The detrital portion of a sample that has been sorted.
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Glossary-—Continued

Sample abundance
Sample preparation

Sorting

1-Stage Subsampling
Stage-1 subsampling ﬂfame

Stage-1 grid

Stage-1 subsample

2-8tage Subsampling
Stage-2 subsampling frame

Stage-2 grid
Stage-2 subsample

Taxon {pl. taxa)

Visual sort

The number of identified and enumerated crganisms cotrected for
laboratory and field subsampling.

Washing and sieving a sample prior to subsampling or sorting benthic
macroinvertebrates,

The removal of benthic macroinvertebrates from the sample matrix
into coarse taxonomic groupings.

" A procedure to obtain randomly selected square-grid subsamples from

the original sample.

A gridded subsampling frame used to obtain square-grid subsamples
from the original sample.

A randomly selected square grid from a stage-1 subsampling frame.

The resulting composite of all sorted stage-1 grids.

A procedure to obtain randomly.selected square-grid subsamples from
a stage-1 subsample.

A gridded subsampling frame used to obtain square-grid subsamples
from a stage-1 subsample.

A randomly selected square grid from a stage-2 subsémpling frame.
The resulting composite of all sorted stage-2 grids.

A proper name given to a group of related organisms (for example, the
Order Trichoptera, Family Hydropsychidae, Genus Hydropsyche, and
Species Hydropsyche simulans Ross are taxa).

To sort organisms from a sample without magnification; as péﬁormed.

the gualitative sample-processing method or the large-rarg organism
sort in the quantitative sample-processing method.
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METHODS OF ANALYSIS BY THE U.S. GEOLOGICAL
SURVEY NATIONAL WATER QUALITY LABORATORY —
PROCESSING, TAXONOMY, AND QUALITY CONTROL
OF BENTHIC MACROINVERTEBRATE SAMPLES

By Stephen R. Moulton li, James L. Carter, Scott A. Grotheer, Thomas F. Cuffney, and

Terry M. Short

ABSTRACT

Qualitative and quantitative methods to
nrocess benthic macroinvertebrate (BMI)
samples have been developed and-tested
by the U.S. Geological Survey's National

-—Water Quality-l-aboratory Biological Group.

The qualitative processing method is
based on visually sotting a sample for up to
2 hours. Sorting focuses on attaining organ-
isms that are likely to result in taxonomic
identifications to lower taxonomic levels (for
example, Genus or Species). Immature and
damaged organisms are also sorted when
they are likely to result in unigue determina-
tions. The sorted sample remnant is
scanned briefly by a second person fo de-
termine if obvious taxa were missed.

The quantitative processing method is
based on a fixed-count approach that tar-
gets some minimum count, such as 100 or
300 organisms. Organisms are sorted from
randomly selected 5.1- by 5.1-centimeter
parts of a gridded subsampling frame. The
sorted remnant from éach sample is re-
sorted by a second individual for at least 10
percent of the original sort time. A large-rare
organism search is performed on the un-
sorted remnant to sort BM| taxa that were
not likely represented in the sorted grids.

After either qualitatively or quantitatively
sotting the sample, BMis are identified by
using one of three different types of taxo-
nomic assessment. The Standard Taxo-
nomic Assessment is comparable to the
U.S. Environmental Protection Agency
Rapid Bioassessment Protocol Il and typi-
cally provides Genus- or Species-leve! taxo-
nomic resolution. The Rapid Taxonormnic As-
sessment is comparable to the U.S. Envi-
ronmental Protection Agency Rapid Bio-

“assessment Protocol Il and provides Family-

tevel and higher taxonomic reésolution. The
Custom Taxonomic Assessment provides
Species-level resolution whenever possible
for groups identified to higher taxonomic
levels by using the Standard Taxonomic

--Assessment-The-consistent-use of-stan-

dardized designations and notes facilitates
the interpretation of BM| data within and
among water-quality studies. Taxonomic
identifications are quality assured by verify-
ing all referenced taxa and randomly re-
viewing 10 percent of the taxonomic identifi-
cations performed weekly by Biclogical
Group taxonomists. Taxonomic errors dis-
covered during this review are corrected.

BM!I data are reviewed for accuracy and
completeness prior to release. BMI data are
released phylogenetically in spreadsheet
format and unprocessed abundances are
corrected for [aboratory and field subsam-
pling when necessary.

"INTRODUCTION

Purpose and Scope

Benthic macroinvertebrates (BMis) are
animats that live on or in the substrates (for
example, sediments, woody debris, macro-
phytes, algae) of aquatic habitats, such as
lakes and streams. Typlcal examples of
BMis are flatworms, snails and clams, seg-
mented worms, crustaceans, and aquatic
insects. BM!s are used more frequently in
water-quality studies than any other group of
organisms (Rosenberg and Resh, 1993, p.
4}, BMI data are frequently used to develop
biocriteria and rank aguatic habitats ac-
cording fo their biological health (for exam-
ple, Hilsenhoff, 1982). When combined with
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measurements of water chemistry and
habitat, BMI data provide an integrated as-
sessment of water quality in lakes and
streams (Gilliom and others, 1895).

The U.S. Geological Survey's (USGS)
National Water Quality Laboratory (NWQL)
Biological Group (BG) processes BMI sam-
ples that have been collecied by using a
variety of technigues from diverse aquatic
habitats throughout the United States.
These samples vary greatly in the density of
organisms and the types and amounts of
detritus they contain. Therefore, the BG has
developed methods for efficiently sorting
and identifying BMls from a complex array of

sample matrices. Five main steps are used .

to process a BMI sample: (1) prepare a
sample for subsampling or sorting; (2) sort
BMis from the sample matrix; (3) identify

~ 7 andenurierats BMIE (4) enter data and

calculate BMI abundances; and (5) apply
quality-controt (QC) procedures to guality
assure (QA) steps (1) through (4).

Water-quality studies have a variety of
data needs. Although often not explicitly
stated, each study has its own data-quality
objectives. The BG has developed well-
defined guaiitative and quantitative proc-
essing methods that are sufficiently flexible
to satisfy most data-analytic methods cur-
rently (2000} used for including estimates of
BMI community composition in water-quality
studies,

The objective of the qualitative method is
to produce a comprehensive and taxonomi-
cally accurate list of organisms contained in
a BMl sample. Processing involves size-

" fractionating the sample into coarse and fine” - - -

components. The entire coarse component
is sorted. All or some part of the fine com-
ponent is sorted, depending on the volume
of the sample. Size-fractionation aids in
sorting large, more fully developed BMIs that
can be identified to lower taxonomic levels.
Both components are visually sorted for up
fo, but not exceeding, a total of 2 hours.

The objective of the quantitative method
is to estimate the abundance of each taxon
sorted from a BMI sample. The method is
similar to the fixed-count method described
in Barbour and others (1999). Crganisms
are sorted by using X 10 magnification from
either the entire sample or more often from
randomly selected grid subsamples of the

original sample. The guantitative method
developed by the BG differs slightly from
Barbour and others (1999} in four aspects:

(1} Instead of acquiring a fixed count of or-
ganisms with a numerical range of £20
percent, the goal of the BG method is to

~ acquire a minimum number of organ-
isms. For example, if a fixed-count tar-
get was 300 organisms, by using the
method of Barbour and others {1999},
the number of organisms sorted could
range from 240 to 360 (300 +20 per-
~cent). In contrast, the method used by
the USGS BG consists of sorting out at
least 300 organisms. Athough. these
methods are similar, randomly sorting a
minimum number of organisms provides
a more uniform data set indexed to the
fixed-count goal from which a rarefied
“(Hurtbert 1971}, unbiased index of rich-
ness might be determined (Barbour and
Gerritsen, 1996; Vinson and Hawkins,
1996; Larsen and Herlihy, 1998).

(2) When estimates of abundance are
based on subsamples of the original
sample, large-rare organisms are visu-
ally sorted from the unsorted portion of
the sample for an additional 15 minutes.
Sorting large-rare organisms from the
unsorted portion of the sample provides
a biased but more representative esti-
mate of the taxa present in a sample
{Vinson and Hawkins, 1996).

(3) The BG method limits sorting effort to a
maximum of 8 hours. In general and in
agreement with a previcus finding by the
U.S. Environmental Protection Agency's
{(USEPA) Rapid Bioassessment Protocol
{RBP) (Plafkin and others, 1988), the :
BG has found that about 100 organisms
can be sorted from BMI samples in 1
hour. However, samples that contain
excessive amounts of detritus and that
have organism densities near or less
than a given fixed-count goal are ex-
tremely time-intensive to sort (for exam-
ple, greater than 50 hours).

(4) The BG sorts all guantitative BMI sam-
ples under a dissecting microscope that
uses X 10 magnification. Other laborato-
ties that use a similar fixed-count
method might sort without magnification.

2 ~ PROCESSING MACROINVERTEBRATE SAMPLES
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Three levels of taxonomy are presented.
The Standard Taxonomic Assessment
(§TA} is comparable to the USEPA RBF IlI
(Barbour and others, 1999) and provides
Genus-level and lower taxonomic resolution
for most taxa. The Rapid Taxonomic As-
sessment (RTA) is comparable to the
USEPA RBP |l and provides Family-level
and higher taxonomic resolution. Also de-
scribed is a Custom Taxonomic Assessment
(CTA) that provides nonstandard taxonomic
resclution when a customer requests it.

The objectives of this report are as fol-
lows: (1) to provide detailed desctipticns of
the methods used by the BG at the NWQL
to process qualitatively and quantitatively
BMI samples; (2) to provide detailed proce-
dures and information for the taxonomic
identification of BMIs; and (3) to provide

- detsiled procedures o quality assure the
 processing and identification of BMls.

The sorting methods, taxonomic identifi-
cation procedures, and quality-assurance
and quaility-control procedures described
herein replace those presentad by Cuffney
and others {1993a) for BMI samples col-
lected by the USGS National Water-Quality
Assessment (NAWQA) Program.
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ANALYTICAL METHOD

Benthic macroinvertebrate,
processing procedures, B-9135-00
Parameter Codes

Qualitative visual sort, STA:

NWQL lab code 2176

300 organism count subsample, STA:
NWQL lab code 2172

100 organism count subsample, STA:
NWQL lab code 2174

100 organism count subsample, RTA:
NWOQL lab code 2175

1. Chemicals, Equipment, and
Supplies Necessary to Process
—Benthic Macroinvertebrate-
Samples

The following list of chemicals, equip-
ment, and supplies are used to process BMI
samples at the NWQL.

1.1. Chemicals
o 70-percent ethanol
» CMC-10™ mounting media
s Glycerin

« Potassium hydroxide

1.2. Equipment

» Compound microscopes (40 —-
1000 X magnification)

» Dissecting microscopes {6 — 50 X -
magnification}

s Estimation trays (see Section
1.4.1)

e Fiber optic illuminators

» Hot plate

» Plastic wash basins

* Portable incandescent desk lamps
» Slide dryers

= Sonicator

ANALYTICAL METHOD 3



« Standard metal sieves (mesh
sizes = field collection mesh size)

+ Subsampling frames (see Section
1.4.2)

« White sorting trays {various sizes,
for example 15 by 20 cm, 20 by 30
cm, and 40 by 50 cm)

1.3. Supplies

s Forceps (jewelers, lightweight,
blunt)

» Probes (fine tipped and biunt)
= Petri dishes
» Pasteur pipeties
 + Plain microscope slides
» Cover slips
s Glass screw cap jars

» Screw cap polyseal vials (46
dram preferred)

« Shell vials (1/4 dram)

» Genitalia microvials

» Cotton

« Random numbers table

e Quantitative BMj Sample Proc-
essing—Subsampling and Pre-
liminary Enumeration Worksheet
{fig. 1) (Available in electronic
spreadsheet format for ease of
calculation and consistent recom-
mendations for processing) '

» Slide Preparations—Identification
and Enumeration Worksheet (fig.
2)

« BMI ldentification and Enumera-
tion Bench Data Sheet (fig. 3)

+ Slide Iabels (minimum information;
sample identification code, name
of taxonomist, year of identifica-
tion, collection date, slide number)

« Sorting labels (minimum informa-
tion: sample identification code,
taxoncmic sort category)

» Taxonomic identification labels
(minimum information: taxonomic
identification, name of taxonomist,
year of identification, sample iden-
tification code, state, county, wa-
terbody name, specific location,
collection date, collector)

» Scissors
» Vial racks

« Scrub brushes

1.4. Construction of Subsampling
Equipment :

Estimation frays are constructed of
3.2 mm thick clear Plexiglas™. Each tray is
1.3 cm deep and is etched on the bottom
with grid lines at 1.3-cm intervals. Estimation
fray dimensions are listed in table 1.

1.4.2. Subsampling frames

Subsampling frames are constructed of
1.3 cm thick clear Plexiglas™, 2.5- by
2.5-cm galvanized wire mesh, and 100-pm
Nitex™ mesh. Although most samples are
collected by using a mesh size >100 pm, a
fine mesh facilitates removing grids of sam-
ple matrix because the tarsal claws of in-
sects and other fine matter do not adhere to
a fine mesh as easily as they do to a coarse
meash. The 100-um mesh and the galva-
nized mesh are honded to the bottom of the
Pliexiglas™ frame with silicone adhesive.
The galvanized mesh supports the 100-pm
mesh and functions as-a reference grid for
the removal of the 5.1- by 5.1-cm subsam-
ptes. Dimensions of the three subsampling
frames are listed in table 1.

4 PROCESSING MACROINVERTEBRATE SAMPLES
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Figure 1. Example of worksheet used to record subsampling information for the quantitative proc-

essing of benthic macroinvertebrate samples. E; = sorting effectiveness;

estimated grid count for

mean grid count for the 1.3 cm {centimeter) x 1.3 cm grids; EGC

each select stage-1 grid.

MGC
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Figure 2. Example of worksheet used to record identifications of benthic macroinvertebrates pre-
pared on microscope slides. 1D, identification; hr(s), hour(s);MTD = number of organisms mounted;
LS = life stage; Subs = subsample; Ref = reference slide.
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BMI Identification and Enumeration Bench Data Sheet

Sample ID: Collection Date: Reach:  Site ID: Field Spit:
Siate: County: Walerbody: Locatlon: Elevation:
Block Code: Method (circle one); Qualitative 100 300 Other

Sort by: Date: / ! Prep Time: hw(s)Sort Time : hr{s)

Non-Chironomid ID's by: Date: [ Time : hr(s)

Chironomid Mount by Date: ! ! Time: hr{s})

Chlironomid ID's by : Date: / ! Time: br(s)

- Correction factor(s)
Taxon LS Notfes 1:1 H
All Vials and Taxa Accounted For (initials) Data Entry (initials) Entry Date ! !
Page__of

Continue on Back YES / NO (circle one)

Figure 3. Example of bench data sheet used to record identified benthic macroinvertebrates,
ID, idenfification; hr(s), hour(s); Prep, preparation; LS = life stage.
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Table 1. Dimensions of subsampling equip-
ment used in the quantitative processing of
benfhic macroinvertebrate samples

[All dimensions in centimeters]

Type Inside Grid
dimensions dimensions
Subsampling

frame

12 grid 15.2 by 20.3 5.1 by 5.1
hy 3.8

24 grid 20.3 by 30.5 5.1 by 5.1
by 3.8

42 grid 30.5by 3586 5.1 by 5.1
by 3.8

Estimation
I __tray T . .
49 grid 89by8%by 13by13
1.3

81 grid 11.4by11.4 1.3by 1.3

by 1.3

2. Sample Preparation

Sample preparation consists of a series
of steps that are completed prior to starting
the process described herein. Steps include
{1) understanding and foliowing safety is-
sues, (2} obtaining supplies, chemicals, and
equipment, and (3) washing, sieving, and
elutriating samples. All samples are elec-
tronically logged in at the NWQL. Sample
problems, such as leaking containers and
information descrepancies, are resolved with
the customer before starting sample proc-
essing.

2.1. Safety Issues

2.1.1. Personal safety

An apron, rubber gloves, and protective
eyewear are worn during sample prepara-
tion. Long pants and closed toe shoes are
worn at all times. The nearest eyewash and
shower stations are shown to individuals
working in the laboratory. They are also in-
structed in handling chemical and sample
spills. .

2.1.2. Chemical safety

Exposure to sample preservatives (for
example, formalin and ethanol) is minimized
by performing the initial washing steps in a
fume hood. Organisms are sorted from
samples in dishes or trays of water. Liguid
and solid wastes are stored in sturdy,
chemical resistant containers and discarded
by following appropriate local, State, and
Federal regulations. Materials Safety Data
Sheets for chemicals used or disposed of
during sample processing are clearly dis-
played in the laboratory.

2.2. Obtaining Chemicals, Equipment,
and Supplies

Before initiating work on a specific proc-
essing task, necessary chemicals, equip-

" 'ment,; and Suppliss are obtained. Indoing

s0, processing efficiency is increased, and
the likelihood for analytical error mintmized.

2.3. Washing, Sieving, and Elutriating
Samples

Within 2 weeks of receiving a sample,
the original field preservative (typically
5-10 percent buffered formatin) is decanted
through a sieve in a fume hood. The sample
is then rinsed with water and preserved with
70-percent ethano! until processed. Pre-
servative exchange is important because
some BMIs can become brittle, and the cal-
careous shells of mollusks can dissolve if
they remain in formalin for extended periods,
thus making identification to desired levels
difficult,

Sieves are used in the laboratory fo wash
and size-fractionate samples before sorting
organisms. Sieve mesh sizes used in proc-
essing are based on the mesh size used in
sample collection and on specific study ob-
jectives. The goal of sample washing is to
remove sample preservatives and fine de-
bris (for example, sand and silt}, which can
obscure the sorting of small BMI organisms.
Sieves used for washing have a mesh-size
apening less than or equal fo the field col-
lection mesh size. BMIs retained on the
sieves after processing are removed and
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placed with the sample. Sieves are washed
and scrubbed before starting another sam-
ple.

Some studies (for example, Cuffney and
others, 1993b) encourage prior field proc-
essing to facilitate sample processing in the
Iaboratory following field collection of a BMI
sample (see Appendix 1}. Despite extra field
processing, however, some samples might
require additional laboratory preparation.
Samples are often elutriated in the labora-
tory fo remove inorganic sample debris (for
example, sand and gravel} before subsam-
pling or sorting. The purpose of this step is
to minimize the adverse effects that inor-
ganic debrls can have on distributing organic
sample debris and organisms evenly in a
gridded subsampling frame or sorting tray.

_Samples_are_elutriated by carefully swirling

the entire sample in a tub of water to sus-
pend the organic debris and organisms.
Once suspended, the organic debris is
poured slowly into another sieve or wash
basin, leaving behind the heavier, inorganic
debris. These steps are repeated until the
inorganic debris has been separated from
the organic matter,

3. Qualitative Visual Sort Method
for Processing Benthic
Macroinvertebrate Samples

3.1. Application

The goal of the qualitative processing
method is to produce a comprehensive list |
of BMI taxa present in a saimple. The abun-
dance of each taxon is not determined.

3.2. Summary of Method

Samples are visually sorted under a light
by a taxonomist for up to 2 hours (fig. 4).
Samples are first size-fractionated o sepa-
rate coarse and fine organic debris to in-
crease sorting effectiveness. The coarse-
size fraction is sorted for about 0.25 hour,
while the fine-size fraction is sorted for up to
1.75 hours. Sorting is focused on mature,
undamaged organisms that can produce
Genus- or Species-level taxonomic resolu-
tion. Immature or damaged specimens are
sorted if it is likely that they represent new

taxa from the sample. The objective of sort-
ing Is fo find as many distinct taxa as practi-
cal within the 2-hour limit. Studies performed
in the BG indicated that the rate of accrual of
new taxa diminishes substantially after

2 hours of visual sorting; therefore, the vis-
ual sorting period used in the qualitative
method is limited to 2 hours (fig. 5).

3.3. Interferences

Sorting effectiveness varies with the type
and amount of sample detritus. An exces-
sive amount of organic detritus reduces
one’s ability to adequately differentiate or-
ganisms (especially small, cryptic organ-
isms) from the sample matrix. Large clumps
of algal filaments must be carefully sepa-
rated, and delicate organisms (for example,

" mayfly larvae) must be carefully handled to

minimize damage or loss of taxonomically
valuable body parts, such as gills and legs.
Consequently, samples with large amounts
of organic defritus or filamentous algae are
difficult to sort and may have large numbers
of damaged specimens.

3.4. Procedure

The ethancl preservative is rinsed from
the sample through a sieve that has a mesh
size less than or equal to that used in the
field. If necessary, the sample is elutriated to
separate inorganic and organic detritug, The
sample is then size-fractionated by using a
4.75-mm sieve. To ensure consistent and
effective sorting, the sample is apportioned
evenly among mulfiple white sorting trays.

-+ . The number and size of the trays are ad-
- justed so that about 50 percent of the bof-

tom s visible in each tray.

Total sorting time is limited to 2 hours.
The coarse-size fraction is sorted for about
0.25 hour. The remaining time, about
1.75 hours, Is apportioned between the fine-
size fraction and any elutriated inorganic
debris (fig. 4); however, if the taxonomist
determines that the entire sample has been
adequately sorted without adding different
taxa, then sorting is terminated at less than
2 hours. This action is approved by a sec-

ond taxonomist and noted on the bench data

sheet. If the volume of the fine-size fraction
is such that it cannot be adequately sorted in
about 1.75 hours, then the sample is divided

ANALYTICAL METHOD 9



Acquira
sample

Rinse preservative from
fhe sampla using a sieve
mesh size < the mesh

size used for sample
collaction
T T coasesze | " Siefreclionate sampleona | " Fine-size
sample material | d—— 4.75-mm sleve —P | sample matertal
retained on sleve passing the sieve

L ' !

[ Sort organisms for< 0.25 hr ]

Will incrganic matter

Yes inhibit sorting Ne
onganisms?
. . Sort organisms
Elutriate omanic mafter for< 1.75 hr
Sort orqanlsms Sort organisms
from the inorganic from the anganic
poriion for £ 0.26 hr portion for< 1.6 hr

Figure 4. Overview of the qualitative, visual sort method for processing benthic macroinverie-
brate samples. mm, millimeter; hr, hour{s); =, less than or equal to.
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Figure 5. Median percentage benthic macroinvertebrate richness acquired at 0.25-hour intervals
over a 4-hour period using the qualitative, visual sort processing method. Percentage (%) rich-

ness is based on the maximum 4-hour richness (n=16).
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directly on a sieve or on an appropriate sub-
sampling frame so that at least 25 percent of
this fine-size fraction can be sorted. The
remaining unsorted remnant is quickly
scanned and sorted for distinct taxa.

Each tray is sorted systematically by a
taxonomist for mature, undamaged organ-
isms. After one complete pass of the tray,
the detritus is redistributed by rocking the
tray and sorting continues. BMIs are sorted
into gross taxenomic categories (fable 2)

and placed into polyseal screw-cap vials that -

contain 70-percent ethanol. At least 50 Chi-
ronomidae larvae are sorted whenever pos-
sible. Visually distinguishing Genus- or Spe-
cies-level diversity for some BMI taxa (for.
example, hydropsychid caddisflies and elmid
beetles} is often difficult. Therefore, compa-
..rable.numbers.of organisms of these groups
are sorted from each tray of each sample.
All unique mollusk shells are sorted, even if
the body of the organism is not present.

3.5. Qualitative Selection of
Chironomidae Larvae for Slide
Mounting

All larvae are mounted for samples
where less than or equal to 50 larvae are
sorted. Where greater than 50 larvae are
originally sorted, about 50 larvae are culled
to maximize the number of different faxa
mounted on slides. Specimens are selected
for mounting on the basis of morphological
characters diagnostic of common subfami-
lies (table 3). The objective is to maximize
the number of midge taxa identified by se-
tecting and mounting organisms with as
many different combinations of diagnostic
characters as possible.

3.6. Quality Control of Sorting
Effectiveness

After at least 25 percent of the sample
has been sorted, a second taxonomist scans
the sorted remnant for obviously missed or
under-represented taxa for about 0.25 hour
to ensure that the sample is sufficiently
sorted. This QC step is performed before the
completion of sorting so that recommenda-
tions can be implemented, while the tax-
onomist sorts the remainder of the sample.

Table 2. Taxonomic categories used for
benthic macroinvertebrate sorting

Taxonomic sorting categories

Gasliropoda (snails)

Bivalvia (clams)

Oligochaeta (segmented worms)
Hirudinea {leeches)

Hydrachnidia (water mites)

Decapoda (crayfish/shrimp)
Amphipoda/lsopoda (scuds/sow bugs)
Ephemeroptera (mayflies) .
Odoriata (dragonflieslda-mselﬂies)
Plecoptera (stoneflies)

‘Heteroptera (irue bugs)

Megaloptera {dobsonflies/fishflies/alderflies)
Trichoptera (caddisflies)

Lepidoptera (moths)

Coleoptera (beetles)

Diptera {true flies)

Chircnomidae (midges)

Others (hematodes, flatworms)

4. Quantitative Fixed-Count
Method for Processing Benthic
Macroinvertebrate Samples

4.1. Applica_tiop '

The fixed-count metr;od is normally used

-to process BMI samples that have been

collected using a quantitative or semiquan-
titative sampling method (for example, sam-
pling standardized by unit area or volume).
However, the fixed-count method can also
be used to produce estimates of relative
abundance of the taxa sorted from qualita-
tively collected samples (for example, sam-
pling standardized by unit effort).
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Table 3. Morphotogical characters used to select larvae qualitatlvely for slide preparations from

Chironomidae subfamilies

Morpholegical character

Ventromental Shape of head
Subfamily Antennae Ligula plates capsutle
Chironominae Nonretractile Absent Well developed/ Round

striated )
Diamesinae Nonrefractile/ Absent Reduced Round/square
annulated

Orthocladiinae Nonretractile Absent Reduced Round/square

Tanypodinae Retractile Present Absent Square

4.2, Summary of Method

The principal objective of the fixed-count
method is to identify and estimate the abun-
dance of each BMI taxcn sorled from the
sample. This method is similar to the
USEPA's RBP sample-processing proce-
dure (Barbour and cthers, 1999; Plafkin and
others, 1989). The fixed count is based on a
minimum number of organisms sorted from
the sample and is defined by the study's
data-quality objectives (for example, 100-,
200-, or 300-organism fixed-count target).

Samples containing more organisms
than the fixed-count target are subsampled
by using a subsampling frame partitioned
inte 5.1- by 5.1-cm grids. However, uni-
formly distributing & sample in a subsam-
pling frame is often difficult, and organisms
in the sample matrix tend to have a clumped
distribution (table 4). Therefore, subsam-
pling by simply acquiring a single, very small

portion from a subsamplirig frame could lead -

to extreme errors in estimating the abun- -
dance of taxa in the sample. The method
described below uses multiple, randomly
selected 5.1- by 5.1-cm porfions of the origi-
nal sample (stage-1 grids) to estimate abun-
dance accurately. Large-rare organisms are
. sorted from any remaining portion{s) of the
sample after the random subsampling is
complete.

-Total sorting-time-is-limited-up-to a.
maximum of 8 hours, depending on the
fixed-count target, The time limitation has
been implemented to avoid spending too
much time on samples that contain few or-
ganisms (for example, equal to or less than
the fixed-count target) or have exceedingly
difficult detritus to sort (for example, fila-
mentous algae},

A generalized processing procedure is
shown in figure 6 and listed as follows:

¢ The sample is uniformly distributed
in a subsampling frame (stage-1
subsampling frame).

¢ An estimate of the average number

of organisms per stage-1 grid is
* obtained.

» By using the average number of or-
ganisms per stage-1 grid, an appro-
priate processing strategy is se-
lected.

» The grids are randomly selected
from either a stage-1 or a stage-2
subsampling frame, and organisms
are sorted from each grid.

« Large-rare organisms are sorted
from any remaining unsorted por-
tion(s) of the sample.

ANALYTICAL METHOD 13



Table 4. Index of dispersion summary statistics used fo determine the distribution of benthic
macroinvertebrate organisms in samples spread across subsampling frames

-[Data are from Natichal Water-Quality Assessmet Program Study Unit samples (CAZB, Cenfral

Arizona Basin; LINJ, Long |siand-New Jersey; SANT, Santee Cooper Basin; UCOL, Upper Colo-
rado River Basin); |D, identification; No., number; S?, variance; df, degrees of freedom; index,
index of dispersion statistic; x%, Chi-square statistic. Chi-square superscripts denoting type of dis-
tribution are defined as “r’ (random) or “¢” (clumped). Shaded blocks indicate that 2-stage sub-
sampling was not performed.] ‘

) 1-stage subsampling 2-stage subsampling Confidence limits
Sample | No. grids sorted or [Mo. grids in| Mo, grids  [Ne. grids] &7 Mean df | Index | ¥ 0.026 | -0.975
1D transferred for 2- frame sorted in frame No. organisms

stage subsampling ) - per grid
CAZB1 7 42 5 12 123.00 75.0| 4 184 656 0484 11443
CAZB2 5 24 . 353.20 52.8) 4 6.69 26.7617 0.484]  11.143
CAZB3 5 42 1 5 12 | 4267.30 1736 4 | 24.58] 0832 0.484] 11.143
CAZB4 5 42 5 12 | 2677.30 1486] 4 | 1802 7207 0484] 11.143
LINJT 5 42 5 24 244,00 92.0( 4 265 1061 0.484] 11.143

IEEN T A5 [ 42| si2z0 1198 41 zei| 1042 0484 -11:143]-
LINJ3 5 42 5 42 [ 1389.70 165.8] 4 8.38[ 3353° 0484 11143
LINJ4 5 42 5 12 673.70 127.2] 4 530 21199  0484] 11143
SANT1 12 42 151.15 33.3] N 453 40.88° 3.816] 21.920
SANT2 5 24 485.20 81.2[ 4 598] 23007 o0.4ed] 11143
SANT3 5 24 102.70 89.8] 4 114] 457 0484] 11.443
SANT4 7 42 353.57 587 6 6.02] 36137 1237 14.449
UCOL1 5 24 5 12 37.70 748 4 050 2.02] 0484 11143
ucoL2 5 24 5 42 198.50 84.0] 4 236 9457 o04B4] 11143
UcoL3 5 a2 22.70 27.8] 4 082 327] 044  11.143
ucoL4 6 42 268.57 812] 5 3.31| 16545 0831 12833
UCOL5 8 a2 166.84 526] 7 3.17 22.19? 1.690] 16013
4.21. Choosing a subsampling 4.2.2. Estimating the mean
frame number of organisms per
stage-1 grid
Unlike many subsampling devices, grid- S . - )

ded frames are useful for subsampling a The mean number of organisms per

variety of difficult sample matrices (for ex- stage-1 grid is used to determine the appro-

ample, filamentous algae). Three sizes of priate subsampling strategy. This mean is

subsampling frames are used (see table 1). obtained by randomly selecting five grids

The size of the subsampling frame chosen from-the stage-1 subsampling frame and

depends on the total sample volume and uniformly distributing the material from each

organism density; frame size increases with grid into separate, appropriately sized, esti-

sample volume and density (table 5). If the -mation trays. Estimation trays with either 49

volume of a sample is very low but the den- or 81 grids {table 1) can be used to obtain a

sity of the BMIs is high, the subsampling uniform distribution and density of sample

frame size is dictated by the density of or- materfal. The organisms in each of thres ran-

ganisms in the sample. Occasionally, the domly chosen estimation tray grids are

volume of detritus is so small and the BMIs counted and used to estimate the number of

are so depauperate that the use of a sub- organisms in each estimation fray and,

sampling frame is not necessary. The pri- hence, each stage-1 grid. Separate esti- .

mary objective is to choose, a frame size for mates are made from each of the five esfi-

uniform dispersal of the sample. mation trays. The resulting five estimates
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No

¢ portlon

Inprganic

Estimate th Uniformly glstribute X o "
stimate tha mean the sample in 3 1ganic
oumber of organisms 4"‘" 5[352.1 4—'—- portion

per stage.1 grig™" subsampling frame

v

Is the number
of organlsms

No per stage-+

YES
-{1-stage subsampling}

|

prid £ the

2-stage subsampling
( 9 pling) critlgal dgnsily
(B2

7 Caleutate number of
slage-2 grids needed fo

reach targef using 3-6
siage-1 giids

Uniformly distribute

-6 stage-1 grids in a
stage-2 subsampling

frame

Sort organisms
from randomly

selecled Remalnder
of sample

Calculate number of
stage-1 grids needed
to reach target

Sort organisms
from randomty

Remalader
o of sample

|

Expedly sort representative
large-rare arganisms for 15 -
minutes froen the non-
subsampled porifon(s}) of 1he
sample

selected
stage-1 grids

stage-2 gids"™

Y

M The mean number of organisms per subsampling frame is determined by using esfimation trays -
that subsample each of five stage-1 grids.

©) See table 6 for Dsgp and Djgg

®) At least 3 grids are always sorted. The maximum number of grids sorted is determined by nu-
meric {fixed-count) and time criteria. Grids are sorted in their entirety until the fixed-count or proc-
essing-time criteria are exceeded.

Figure 6. Overview of the quantitative, fixed-count method for processing benthic macroinverte-
brate samples. {<, less than or equal to.)
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Table 5. Suggested stage-1 subsampling
frame sizes used for various sample vol-
umes

{sample volume in milliliters; <, less than]

Sample Subsampling
volume frame size
< 250 12 grids
250 - 500 24 grids
500 — 750 42 grids

are averaged to give an estimate of the
number of organisms in each stage-1 grid

. _(see Section4.4.1).

An informed processing decision can be
made once the mean number of organisms
per stage-1grid has been estimated. Sub-
sampling may involve processing multiple
randomly selected stage-1 grids from the
stage-1 subsampling frame (1-stage sub-
sampling) or a further subsampling of three
to five stage-1 grids (2-stage subsampling).
Numeric criteria are used to determine the
appropriate subsampling strategy {see Sec-
tion 4.4.2). Once the appropriate level of
subsampiing has been achieved, the ap-
proximate number of random 5.1- by 5.1-cm
grids are randomly selected for sorting. Ad-
ditional grids are randomly selected as
needed to reach the fixed-count target.

- 4,23, Sorting orgénisms

The contents of each randomly chosen
stage-1 or stage-2 grid are sorted separately
by using a dissecting microscope with X 10
magnification. All identifiable organisms are
sorted (see Section 1.1). Mollusk shells are
only sorted if the animals are present in the
shells. Only a portion of colonial organisms,
such as Bryozoa or Porifera, is sorted to
document its presence in the sample. Verte-
brates, exuviae, invertebrate eggs, micro-
crustaceans, and terrestrial crganisms are
not sorted. However, terrestrial insects that
have an aquatic lifestage (for example, adult
mayflies and caddisflies) are sorted.

Cnce sorting has begun, the grid is
sorted to completion even if numeric or time

criteria are exceeded. Organisms are enu-
merated as they are removed from each grid
and pre-sorted into the categories listed in
table 2. Organisms are placed in polyseal
capped vials containing 70-percent ethanol.
The sort-time criteria, excluding time re-
quired to prepare the sample and estimate
grid densities, are 8;hours for a 300-org-
anism fixed-count target and 3 hours for a
100-organism fixed-count target.

4.2,4, Sorting large-rare
organisms '

Some large-rare taxa (for example,
clams, stoneflies, hellgrammites) may be
present but at such low densities that it is
unlikely that they will be encountered in the
random subsamples. These organisms often
represent larig-lived and scologically Ttipor-
tant taxa that should be included in water-
quality studies. Therefore, the quantitative
sample-processing method accounts for
these large-rare taxa by visually sorting
them from the unsorted portion of the sam-
ple. This sorting is limited tc 15 minutes. If
inorganic debris was separated from the
sample (see fig. 6), this debris also is sorted
for large-rare organisms.

4.3. Interferences

Inorganic debris in the sample matrix in-
terferes with the uniform distribution of the
sample matrix in the subsampling frame.
Substantial amounts of inorganic debris are
separated from the sample matrix by elutria-

~ tion before distributing. the organic portion of

the sample in the subsampling frame (fig. 6).
Large organic detritus is removed, rinsed,
inspected for attached organisms, and then
discarded. Samples that contain substantial
amounts of filamentous algae are distributed
as evenly as possible. The algae are cut by
using scissors to aid in removing randomly
selected grids from matrices that contain
filamentous algae.

A large sample matrix also inhibits effi-
cient subsampling and sorting. The total vol-
ume of most samples collected from about
1 m? can be sufficiently field processed to
reduce the submitted volume of the sample
to < 750 ml.. Laboratory splitting is some-
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times necessary if the total submitted sam-
ple volume exceeds 750 mL.

4.4. Procedure

4.4.1. Estimating mean
organism abundances in
the 5.1- by 5.1-em stage-1
grids using the estimation
trays

The mean number of organisms in 2 1.3-
by 1.3-cm estimation tray grid (B} is first
determined by averaging the number of or-
ganisms in each of three randomly chosen

estimation tray grids (4:):

1 3
,,B,=___§_Z4.- T )

The estimated number of organisms in
each stage-1 grid (C;) is subsequently de-
termined from each of five estimation trays,
as follows:

C,=exB, : )

where e = 49, if the 8.9- by 8.2-cm estima-
tion tray is used, or e = 81, if the 11.4- by
11.4-crn esfimation tray is used.

The mean number of organisms per

stage-1 grid (D) is then calculated as fol-
lows:

1 5
D=2).C, 3)

The value of D is used to determine an ap-
propriate subsampling strategy.

4.4.2. Determining the specific
processing sirategy

The fixed-count and fime criteria for
quantitative sample processing can be
achieved in different ways. For-example, the
criteria can be achieved by processing dif-
ferent numbers of stage-1 grids (1-stage
subsampling} and by subseguent subsam-
pling of a subset of the stage-1 grids (2-
stage subsampling). The number of combi-
nations that could be used is largs, so it
would be possible to apply substantially dif-
ferent processing procedures to samples
with similar numbers of organisms. A more
standard approach for detarmining when
and how a sample should be subsampled is

“highly desirable. Therefore, sample-

processing procedures have been devel-
oped on the basis of the average density per
grid in the stage-1 subsampling frame

{table 8). The sample-processing proce-
dures in table 6 were selected so that no
fewer than three randomly selected sub-
sample grids are sorted. No fewer than three
grids are sorted because the distribution of
organisms within a subsampling frame may
be clumped (table 4). The following process
also strives to achieve total sorted organism
counts only slightly in excess of the target.

The procedure for processing a sample
to target a 300-organism fixed count begins
by evaluating the average number of organ-

isms per stage-1 grid (D).
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Table 6. Processing procedures used to reach to reach 300- or 100-organism fixed-count targets

- lem, centimeter; =, less than or equal fo; <, less than; >, greater than]

Subsampling frame sizes
(in number of 5.1- by 5.1-cm grids)

Number of stage-1

Number of stage-2

grids to sort grids to sort
Estimated organism density per :
grid in the stage -1 subsampling 12 24 42 12 24 . 42
frame (D,)’
Djp <120 3-12 324 3-42
Dy < 40

120 < Djgp < 216
A < Dypp =72

216 < Drypp < 432
" T72< Dmg <144

432 < D3pp < 1008
144 < Dygp < 336

2-stage-subsampiing by using
five stage-1 grids _

1008 < Dy < 1260
336 < Dypp < 420

2-stage subsampling by using

four stage-1 grids

1260 < D39y < 1680
420 < Dygp < 560

2-stage subsampling by using
three stage-1 grids

Dy > 1680
Dy > 560

Additional subsampling is necessary

* Dsoo corresponds to a 300-organism fixed-count target; Dyp0 corresponds to a 100-organism fixed-

count target

1. If ) £ 120, then 2-stage subsamplrng is

not necessary.

“The extent of 1-stage subsampling Is
determined by calculating the estimated total
number of stage-1 grids (rounded to the
nearest integer > 3) needed fo reach the

fixed-count target (E). £ is determined as

stage-1 grids used to determine D. If fewer

than five grids are needed, then the first
three or four stage-1 grids chosen are

and sor‘zed

sorted. If more than five grids are needed,
" then additional stage-1 grids are chosen at
random from the stage -1 subsampling frame

follows: 2.fD> 120 then 2-stage subsampling is
necessary.
E= _3@ 4) Performing 2-stage subsampling mvolves
D’ randomly selécting three to five stage-1

If E' is greater than or equal to the num-
ber of grids in the stage-1 subsampling
frame, then the entire sample is sorted (for
as much as 8 hours). Otherwise, £ randomly
selected stage-1 grids are sorted. Process-

. ing begins with the five originally chosen

grids, uniformly redistributing material from
these stage-1grids onto a stage-2 subsam-
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pling frame, and then randomly selecting a
subset of grids (stage-2 grids) to sort from
the stage-2 subsampling frame. The number
of stage-1 grids that are combined and
placed in the stage-2 subsampling frame,
the size of the stage-2 subsampling frame,




and the estimated number of stage-2 grids
that are combined to obtain the stage-2 sub-
sample are all based on a series of calcula-
tions. ‘

The number of organisms in an aggrega-
fion of three, four, or five stage-1 grids (G3)
is determined as follows:

G, =ixD (5)

where { = 3, 4, or 5 stage-1 grids; D = the
average number of organisms per stage-1
grid.

The estimated number of stage-2 grids

() to be sorted to reach the fixed-count
farget is then determined for the available -
stage-2 subsampling frames as follows:

300
TGk

where k =12, 24, or 42 (that is, the stage-2
subsampling frame size).

(6)

Whenever possible (75 should be used in

the calculation of ;. Values of H; are al-
ways rounded up to the nearest integer and
should be greater than or equai to 3 and
less than or equal to 7. However, some
stage-1 subsampling frames may have too
high of a density (DD} to achieve an Hy
greater than or equal to 3 and less than or
equal to 7, when using G’s. In these cases,
Gy followed by G's should be used in the
calculation of Ff. .

When mulliple Hk's are valid for a given
G, then the estimated number of organisms
that would be sorted from Hy stage-2 grids

{Ix) may be calculated to aid in choosing &
as follows:

G
I =H x— : 7
k k k ()
where3 < Hy< 7.

The value of I, can be compared to the
fixed-count target and used o select the
most appropriate combination of  (the num-
ber of stage-1 grids combined and placed in
the stage-2 subsampling frame) and & (the
stage-2 subsampling frame size). Whether
or hot I is used fo select the most appropri-
ate subsampling strategy, the 7 randomly
selected stage-1 grids are recombined and
uniformiy disfributed on the appropriately
sized stage-2 subsampling frame (k). The
standard subsampling decisions made by

the BG are listed in table 6. _

These calculations consider the original
organism density, the size of the stage-2
subsampling frame, the fixed-count target,
and the estimated number of organisms in
the final (stage-1 or stage-2) subsample.
This procedure can produce a fixed-count
subsample slightly in excess of 300 organ-
isms from a sample containing < 70,560 or-
ganisms. If the estimated number of organ-
isms contained in the sample exceeds
70,560, the sample must be processed dif-
ferently.

4.4.3. Determination of
laboratory correction
factor

If a sample is subsampled in the labora-
tory, a laboratory subsampling correction

© factor is calculated (table 7). The laboratory

correction factor is recorded on (1) the Sub- -
sampling and Preliminary Enumeration ~
Worksheet and (2) the ldentification and
Enumeration Bench Data Sheet as a:b,
where a is the combined numerator and b is
the combined denominator (fable 7).

ANALYTICAL METHOD 19



Table 7. Calculation of the laboratory subsampling correction factor

[W = total grids in the stage-1 subsampling frame; X = total grids sorted from the stage-1 sub-
sampling frame; ¥ = total grids in the stage-2 subsampling frame; Z = fofal number of grids sorted

from the stage-2 subsampling frame]

Subsampling strategy

1-Stage subsampling

2-Stage subsampling’

Laboratory subsampling W
correction factor (L) L=—

=7z
X Z

"When 2-stage subsampling, X will typically be 5.

4.4.4. Determination of field-
_ _ correction factor

If the submitted sample was subsampled
in the field, the abundance of each taxon is
corrected for field subsampling by applying a

field-correction factor (F) as calculated be-
low:

F:M , 8)

”

submitted

where ¥ooneqes = total volume of sample
collected in the field; Viupmines = total volume
of sample submitted for processing.

4.5. Quality Control

4.5.1. Sorting effectiveness

The primary purpose of re-sorting is to
detect and then corract sorting efror, as for
example, (1) to discover a subsample grid
that was inadvertently missed during the
initial sorting effort or (2) to sort taxa that.are
systematically overlooked. Sorting effective-
ness is determined by re-sorting the sorfed
sample remnant.

To detect sorting errors, the remnant of
every sample is re-sorted at X 10 magnifica-
tion by a second taxonomist for at least
10 percent of the time that the sample was
originally sorted. All organisims recovered
are added to the criginal sort vials and be-
come a permanent part of the sample. The
total number of organisms obtained during
the re-sorting period is recorded on the

estimation worksheet, and percentage soit-
ing effectiveness {Es) is calculated as fol-

S
E.=100- . 9
s R+S ©)

where R = the total organisms obtained
during the re-sort of the grid remnants, and
3 = the total organisms originally obtained
from the sorted grids. It is expected that

2 80 percent of the organisms be removed
during the criginal sort.

New taxonomists are evaluated by using
a more stringent sorting effectiveness pro-
cedure. Sorting effectiveness checks are
performed con all grids as they are sorted for
at least the first five samples processed by a
new taxonomist and no time limit is im-
posed. The purpose of this procedure is to.
ensure that sorling standards and opera-
tional issues are understood before new
taxonomists begin to process samples on
their.own. After achieving the sorting stan-
dards {typically after processing five sam-
ples), new taxonomists are evaluated by
using the normal sorting effectiveness pro-
cedures.

4.5.2. Documentation

After a sample has been soried, a sec-
ond taxonomist confirms the recorded accu-
racy of the subsampling strategy and the
resulting correction factors. This task is
performed by initialing the appropriate space
on the Subsampling and Preliminary Enu-
meration Worksheet (fig. 1).
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5. Slide Preparations

5.1. Application

Some BMI taxa (for example, chironomid
larvae and worms) are best identified to the
Genus- or Species-level by using a com-
pound microscope after they have been
cleared and permanently mounied on micro-
scope slides.

5.2. Summary of Method

Organisms are oriented in mounting me-
dia (for example, CMC-10™) on a micro-
scope slide that is [abeled with a unigue
sample identifier and slide number, covered
with a cover slip, and dried overnight at
55°C.

5.3. Interferences

Poor slide mounts of organisms often
prevent a taxonomist from making identifica-
tions to the Genus or Species level. Factors
contributing to this problem include (1) im-
proper crientation of the organism on the
slide, (2) mounting organisms foo numerous
or large for one cover slip, or {3) complica-
tions with the clearing action and viscosity of
the mounting media.

5.4, Procedure

Organisms are sorted into morphologi-
cally similar groups by using a dissecting
microscope. One drop of mounting media is
placed on a slide and spread to approximate
the area of a cover slip (maximum two cover
slips per slide). Organisms are blotted ona
paper towel to remove excess fluids and
oriented in the mounting media in the same
direction to allow optimal viewing of diag-
nostic structures. No more than four organ-
isms are mounted under each cover-slip.
Mounting medium is added where neces-
sary to compensate for the size and number
of organisms being mounted. A cover slip is
placed over the arganisms by laying one
side against the slide and carefully lowering
it over the organisms. Application of slight
directional pressure to the cover slip is often
reguired to orient organisms or to remove air
bubbles in the mounting media. Prepared
slides are dried overnight at 55°C. Slides are

checked periodically for void spaces; if nec-
essary, additional mounting medium is
added to the edge of the cover slip. Dried
slides are stored on their sides in boxes
grouped by project according to the sample
identification code.

5.4.1., Special instructions for
mounting Chironomidae

Chircnomidae are grouped according to
life stage (larvae or pupae), size, and sub-
family. Larvae are ariented vertically on the
slide with heads to the top. Heads and tho-
raxes of large larvae (for example, Diamesi-
nae) are mounted separately from the ab-
domen. Heavily sclerotized larval heads are
mounted separately from the rest of the

" body. Directional pressure may need {o be

applied to cover slips to rotate larvae so that

-~ the-venfral sides of heads-arevisible: Pupag

are oriented dorsal side up.

5.4.2. Instructions for mounting
worms

Worms are grouped according to Family
and size, then mounted on their sides. Indi-
vidual worms are criented horizontally on
the slide with heads to the left.

6. Taxonomic ldentification of

Benthic Macroinvertebrates

6.1. Application

Taxonomic identification of BMis de-
pends upon experienced personnel trained.
in zooldgical taxonomic principles and hav-
ing a broad knowtedge of all aguatic macro-
invertebrate groups. Typically dichotomous
keys are used to identify organisms, which
offer a formal, stepwise method for arriving
at a name for an organism based primarily
on its morphological characteristics, Pro-
gression through the dichotomous key re-
sults in classification of the organism ac-
cording to a nomenclatural hierarchy (for
example, Order? Family? Genus? Species)
of increasing morphological similarity. t is
desirable to achieve the lowest level of
taxonomic classification possible (for exam-
ple, Species) because ecological character-
istics and responses to water-quality condi-
tions are more specific at lower taxonomic
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levels (for example, Species) than at higher
levels (for example, Genus or Family) {Resh
and Unzicker, 1975). However, identification -
to Species is not always possible because of
maturity, condition of the specimen, or the
current state of taxonemic knowiedge about
a group of organisms.

Identifying BMis can require viewing the
whole organism under low magnification by
using a dissecting miscroscope or it can re-
quire clearing and mounting an organism {or
its parts) on a microscope slide for viewing
at high magnification by using a compound
microscope (for example, Chironomidae
larvae). Different tissue clearing and
mounting techniques are required that de-
pend on the sizé and type of organism. Chi-
ronomidae larvae are generally mounted in
a viscous medium (for example, CMC-10)

- ~that Tenders body tissues transparent; Other

organisms may require dissection and
clearing of body parts in a cold or hot solu-
tion of potassium hydroxide (for example,
insect genitalia) to facilitate viewing. The
cleared organism or body parts are mounted
temporarily in glycerin and examined under
a dissecting or compound microscope. Aduit
identification keys might require familiarity
with wing, reproductive, and other adult
morphological characters.

6.2. Interferences

Most larval identification keys, uniess
otherwise stated by their authors, are con-
structed on the basis of morphological char-
acters that are found in mature larvae. In
practice, many organisms collected in field
samples are either too immature (for exam- -
ple, early instar larvae) or are damaged
during collection, shipping, and laboratory
processing. Consequently, the morphologi-
cal characters required to identify the or-
ganism are often missing or obscured, and
the identification of an organism is frequently
terminated at a higher taxonomic level than
desired (for example, Class, Order, or Fam-
ily instead of Genus or Species). Conse-
guently, higher level determinations are jus-
tiffied on the bench data shest to facilitate
the interpretation of taxonomic data used for
analyses. The BG uses several standard-

ized supporting notes for this purpose

(table 8), including others that convey addi-
tional information about the determination
(table 9). Even though determinations to the
recommended levels are not always possi-
ble, BMI taxonomists, who are familiar with
regional or local faunas, the taxonomic lit-

- erafure, and have access to a verified refer-

ence collection, can sometimes make a de-
termination at a lower taxonomic level. The

"'BG also uses several standardized provi-

sional or conditional designations (table 10)

o convey as much taxenomic information as

possible when the taxonomy of a group is
incomplete or unclear, or when a potentially
undescribed taxon has been discovered.

6.3. Taxonomic information
Resources

Taxonomy is a dynamic process, Spe-
cies new to science are confinually being
described and previous designations re-
vised, thereby requiring the construction of
new Identification keys and re-examination
of the validity of some species. As a result,
taxonomic identifications are checked
against the most current and widely ac-
cepted list of names for a particular group to
ensure their validity and use, Concomitantly,
BG taxonomists are required to stay current
with the taxonomic literature, access refer-
ence collections, and interact with recog-
nized specialists.

6.3.1. Taxonomic liferature

An extensive taxonomic library is used at
the NWQL to support the identification of
BMI taxa. The BMI taxenomic literature is
diverse and widely scattered among many
peer-reviewed journals, books, and news-
letters. Major types of taxonomic literature
include the following: descriptions, reviews
and revisions of taxa (for example, Moulton
and others, 1999), taxonomic monographs
of regicnal faunas (for example, Baumann
and others, 1977; Brigham and others,
1982; Moulton and Stewart, 1996), check-
lists (for example, Moulton and Stewart,
1997), and major continental treatments (for
example, Meriitt and Cummins, 1996;
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Table 8. Standardized notes used to justify benthic macroinvertebrate identifications where the
prescribed taxonomic level is not achieved

Note

Description

imm,

Means “immature” and includes all synonyms thereof

Identificaton to prescribed level not suppor’ced because the organism(s)
is/are foo immature

May be applied to larvae or pupae

dam.

4

Means “damaged” and includes all syncnyms thereof
Identification to prescribed level not supporied because the organlsm(s)
is/are damaged

mount

Means “poor mount” and includes all synonyms thereof
Identification to targeted level not supported because shde mounted or-
ganism(s) isfare poorly oriented on slide :

indet,

VYV VYV VVVY VYY

Means “indeterminate” and includes all synonyms thereof -

Identification to targeted level not supported for recently molted organisms,

mayfly subimagos, mature and intact organisms because of undocu-
_mented vartation or indistinct characters, required case is miss-.

ing/damaged, or required habitat/ecologicat information is miss-
ing/unavailable

gender

Unlikely that taxon is new to science
Includes males and females '
|dentification io targeted level not supported because of gender

retained

Yiv V|V

Denotes unmounted/unidentified crganisms retained in separate vial

Table 9. Notes of taxonomic interest that convey additional information about benthic macroin-
. vertebrate identifications

Note Description
new state > Referstoa potentlal new state record for a taxon based on known distribu-
record " tional information in the published literature or other.reliable source
new U.S, » -Refers to a potential new United States record for a taxon based on known
record distributional information-in the published literature or other reliable source
new > Represents a potentially undescribed species that cannot be linked to any
species ? closely related species
> Used with Genus-level identification only
no. lost » Refers to the number of crganisms accidentally lost in handling
¥ The number of crganisms lost is indicated hefore “lost”
» Example: 2 lost, 7 lost, all lost :
artifact ¥ Identification of a bryozoan fragment (mlssmg zooids) or empty mollusk shelt
> Only used in qualitatively processed samples, when taxon is not represented
by a complete organism
» Denotes an organism(s) placed in a reference collection

ref.
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Table 10. Standardized conditional or provisional taxcnomic designations applied to benthic
macroinvertebrate identifications

Designation

Description

sp.

Species place holder for identifications to Genus-level only
Denotes both singutar and plural forms of species
Example: Hydropsyche sp.

sp. nr.

Means “species near”

Refers to a potentially undescribed species nearest to the species/authority
following the designation

Example: Hydropsyche sp. nr. simulans Ross

cf.

YVIV VVYIVVY

Means “confer”

Refers to a species that closely matches the species/authority following the
designatio'n but differs morphologically in some minor ways or the description
in the fiterature is too vague or incomplete to be certam

Example: Hydropsyche cf. simulans Ross

_“slash”

vV

_species are known in a monophyletic group

Used to denote two or more taxa that are unresoivable or where only two

¥» Placed between the taxa in question
» Taxa are ordered alphabetically
» If Species, authorities are included
» Example: Hydropsyche rossi Flint, Voshell, and Parker/simulans Ross
sp. 1orsp. A | » Refers io provisional taxa reported in the literature where their specific identity
genus A remains unknown; also known as "operational taxenomic units” or “OTUs”
> Provisional designation is reported exactly as it appears in the literature
» Provisionat designation is followed parenthetically by the author(s) and year
of the publication
» Example: Oecetis sp. A {Floyd, 1995)
group » Denotes a group of more than fwo closely related species that cannot be
separated or crganisms that can be reliably placed in a species group where
determination to species is unsupported
¥ If only two species in the group, then use /" or slash designation
> s formally recognized in the literature
» Example: Hydropsyche scalaris group
complex » Denotes a species for which there may be considerable variation suggesting
two or more cryptic species .
> Is formally recognized in the literature
» Example: Oecetis inconspicua complex
n. sp. » Means “new species”
> Represents a species new to science that has been verified by a recognized
authority or one that appears in the literature as such
> If the designation appears in the literature, the designation must be followed
parenthetically by the authors and year of the publication
> Example: Hydroptila n. sp. {(Moulton and Stewart, 1997)
Other > Reported exactly as they appear in the reference from which they were ob-
conditional or tained
provisional > The designation is fo!lowed parenthetically by the author(s} and year of the
designations publication
¥ Example: Sfrloc!ad;us? sp. (Epler, 1995)
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Stewart and Stark, 1988; Wiggins, 1996). In
addition, BG taxonomists consult taxonomic
and distributional information that is avail-
able on the Internet. A list of useful taxo-
nomic references and articles for identifica-
tion of BMis is presented in Appendix 2.

6.3.2. Reference collection

A reference collection of BMIs is main-
fained at the USGS NWQL that associates
one or more actual specimens with each
taxonomic name. This collection helps to
ensure that future taxonomic comparisons
are accurate and consistent. This collection
is North American in scope and includes
representative taxa identified from BMI
samples collected throughout the United
States. Referenced taxa are noted on the

__bench data sheet (see table 9). Preference

for selecting reference taxa is given first to
organisms that are mature, intact, and, when
possible, are available in a serfies (several
organisms of a taxon in a single sample)
from a particular sample. Organisms may be
selected despite their condition if they repre-
sent the only verifiable record of a particular
taxon. Taxa are also referenced from as
many different geographic regions as possi-
ble to provide distributional informaticn or to
assess potential morphological variation
across their range, Referenced taxa are
verified by a second BG taxonomist or rec-
ognized specialist before they are added io
the reference collection.

6.3.3. Taxonomic specialists

Taxonomic specialists outside the BG
are consulted to assist with problematic
taxonomic issues or to confirm identifica-
tions. Specialists are experts in their area of
taxonomic interest and have a demonstrated
record of peer-reviewed publication in tax-
onomy, systematics, and bicgeography of
BMls. The BG consults with the most appro-
priate taxonomic specialist o verify the
identification of threatened and endangered
(T&E) BMI species. If a T&E species is con-
firmed, the BG contacts the appropriate
State and Federal authorities regarding the
presence and disposition of the T&E spe-
cies.

6.4. Taxonomic Procedures

6.4.1. Levels of taxonomic
assessment

The BG provides three levels of taxo-
nomic assessment for BMI samples. These
levels include (1) the Standard Taxonomic
Assessment (STA), (2) the Rapid Taxo-
nomic Assessment (RTA), and (3} the Cus-
tom Taxonomic Assessment (CTA). Each
provides a different basic level of taxonomic
resolution to address various water-quality
and related data-analysis objectives. The
STA and RTA are adapted from the U.S.
Environmental Protection Agency (USEPA)
Rapid Bioassessment Protocols (RBP)
{Barbour and others, 1999; Plafkin and oth-
ers, 1989), :

- --The-8TA. (table-11) represents a-taxo-
nomic effort similar to that described in the
USEPA RBP Il (Barbour and others, 1999;
Plafkin and others, 1989) and in many other
state biomonitoring protocols. It is currently
{2000} the level of resolution used by the
USGS NAWQA Program for BMI samples.
In general, moliusks, crustaceans and in-
sects are identified to either the Genus or
Species level. Aquatic worms are identified
to the Family level. Other BM! groups, such
as flatworms and nematodes, are typically
identified at higher taxonomic levels (for ex-
ample, Phylum or Class). By providing lower
level taxonomic identification for most BMI
groups, the STA allows investigators fo con-
sider more detailed analyses that rely on
Species-specific ecological and environ-
mental affinities between BMIs and the
physical and chemical attributes of their
habitats, ’

The RTA represents a taxonomic effort
similar to the USEPA RBP |I.(Barbour and
others, 1989; Plafkin and others, 1989)
(table 12). In general, all BMI groups are
identified to the Family level, except for
groups such as flatworms and nematodes,
which are typically identified at higher taxo-
nomic levels (for example, Phylum or Class).
The RTA represents a higher level of
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Table 11. Levels of benthic macroinvertebrate taxonomic identification specified in the Standard
Taxonomic Assessment
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Taxon Level of Taxon Level of
identification identification
Porifera Family Corduliidae Genus/Species
Cnidaria Family/Genus Gomphidae Genus/Species
Platyhelminthes Class Libellulidae Genus/Species
Nematoda -Phylum Macromiidae Genus/Species
Nemertea Genus Petaluridae Genus/Species
Nematomorpha Phylum
Bryozoa Phyium Plecoptera
Gastropoda Genus Capniidae Genus
Bivalvia Genus Chloroperiidae Genus
Polychaeta Family Leuctridae Genus
Aphanoneura Family Nemouridae Genus
Oligochasta Family Peltoperlidae Genus
_Hirudinea Family Perlidae Genus/Species
Hydrachnidia Order " Perlodidae - Genus/Species
Amphipoda Genus Pteronarcyidae Genus/Species
Isopoda Genus Taeniopterygidae Genus
Decapoda Genus
Collembola Order Heteroptera
Belostomatidae Genus/Species
Ephemeroptera Corixidae Genus
Acanthametropodidae ~ Genus/Species Gelastocoridae Genus
Ameletidae Genus Gerridae Genus/Species
Ametropodidae Genus/Species Hebridae Genus
Arthropleidae Genus/Species Hydrometridae Genus
Baetidae Genus/Species Macroveliidae Genus/Species
Baetiscidae Genus/Species Mesovellidae Genus
Behningiidae Genus/Species Naucoridae Genus
.Caenidae Genus/Species Nepidag Genus/Species
Ephemeridae Genus/Species Notonectidae Genus
Ephemereilidae Genus/Species Ochteridae Genus
Heptageniidae Genus/Species Pleidae Genus
Isonychiidae Genus Saldidae Genus
Leptohyphidae Genus{Species, ' Veliidae Genus
Leptophlebiidae " Genus/Species o -
Metretopodidae Genus/Species - Megaloptera
Neoephemeridas Genus/Species Corydalidae Genus/Species
Oligoneurlidae Genus/Species Sialidae Genus
Polymitarcyidae Genus/Species
Potamanthidae Genus/Species Neuroptera
Pseudironidae Genus/Species Sisyridae Genus
Siphlonuridae Genus/Species
Trichoptera
Odonata Apataniidae Genus/Species
Calopterygidae Genus/Species ~ Beraeidae Genus
Coenagrionidae Genus/Species Brachycentridae Genus/Species
Lestidae Genus/Species Calamoceratidae Genus/Species
Protoneuridae Genus/Species Dipseudopsidae Genus
Aeshnidas Genus/Species Ecnomidae . Genus/Species
Cordulegastridae Genus Giossosomatidae Genus/Species



Table 11. Levels of benthic macroinvertebrate taxonomic identification specified in the Standard

Taxonomic Assessment—Continued

Taxon Level of Taxon Level of
identification identification
Trichoptera-—-Continued Hydrophilidae Genus
Goeridae © Genus/Species Hydroscaphidae Species
Helicopsychidae Genus/Species Lampyridae Famity
Hydroblosidae Genus/Species Limnichidae Genus
Hydropsychidae Genus/Species Lutrochidae Genus/Species
Hydroptilidae Genus/Species Melyridae Family :
Lepidostomatidae Genus Microsporidae Genus
Leptoceridae Genus/Species Noteridae Genus
Leptoceridae Genus/Species Ptilidae Family
Limnephilidee Genus/Species Psephenidae Genus
Molannidae Genus/Species Ptilodactylidas Species
Cdontoceridae Genus T Salpingidae Family
Philopotamidae Genus/Species Scirtidae Family
Phryganeidae Genus/Species Staphylinidae Family
“Polycentropodidaé™ — Genus/Speties “Tenebriochidae “Family
Psychomyiidae Genus/Species
Rhyacophilidae Genus/Species Diptera
Rossianidae Genus/Species Athericidae Genus
Sericostomatidae Genus/Species Blephariceridae Genus
Uenoidae Genus/Specles Canacidae Genus
Xiphocentronidae Genus/Species Ceratopogonidae Genus
Chaoboridae Genus
Lepidoptera Chironomidase Subfamily/Tribe/Genus
Arctiidae Genus Corethrellidae Genus
Cosmopterigidae Genus Culicidae Genus
Nepticulidae Genus Deuterophlebiidae Genus
Noctuidae Genus Dixidae Genus
Pyralidae Genus Dolichopodidae Family
Tortricidae Genus Dryomyzidae Genus
Empididae Genus
Coleoptera Ephydridae Family
Amphizoidae Genus Muscidae Family
Anthicidae Family Nymphomylidae Genus
Carabidae Family Pelecorhynchidae Genus
Chrysomelidae Family Phoridae Family
Curculionidae Family Psychodidae Genus
Dryopidae Genus/Species Ptychopteridae Genus
Dytiscidae Subfamily/Tribe/Genus  Sarcophagidae Family
Elmidae Genus/Species Scathophagidas Family
Epimetopidae Genus Sciomyzidae Genus
Georyssidae Genus Simufiidae Genus
Gyrinidae Genus/Species Stratiomyidae Genus
Haliplidae Genus Syrphidae Family
Helophoridae Genus Tabanidae Genus
Heteroceridae Family Tanyderidae Family
Histeridae Family Thaumaleidae Family
Hydrasnidae Genus Tipulidae Family/Genus
Hydrochidae Genus
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Table 12. Levels of benthic macroinverte-
brate taxonomic identification specified in
the Rapid Taxonomic Assessment

Taxon Level of
identification
Porifera Family
Cnidaria Family
Platyhalminthes Class
Nematoda Phylum
Nemertea Genus
Nematomorpha Phylum
Bryozoa Phyfum
Gastropoda Family
Bivalvia Family
Polychaeta Farmily
Aphanoneura Family
Ofigochaela . . Family
Hirudinea Family
Hydrachnidia Order
—~Amphipoda~ - — - - ~Family
Isopoda Family
Decapoda Family
insecta (except Collembala) Family
Collembola Order

taxonomic effort (for example, Family) com-
pared to the STA; it can be used fo screen
large numbers of sampling sites for the de-
tection of initial or gross water-quality im-
pairment,

The CTA provides a customer-specified
taxonomic effort that is not provided in the
STA or RTA, For example, even though oli-
gochaete worms are identified to family in
the STA, they can be identified fo Genus or
Species in the CTA. Customers interested in
the CTA should contact the BG to discuss
their taxonomic requirements because Spe-
cies-level resolution for some BMI groups is
either extremely difficult or impossible. -

8.4.2. Reporting of results

Following identification of BMIs, each
taxon is listed on the bench data sheet along
with its life stage [if applicable, for example,
L=larva(e), P=pupa(e), A=aduli{s)] and sup-
porting taxonomic note(s) where applicable.
Species-level identifications are reported for
monotypic genera. Each Identified taxon is
placed in a 4-6 dram vial{s} containing
70-percent ethanol along with a taxonomic
identification 1abel. Vials of identified BMis

are inventoried against the taxonomic
names listed on the bench data sheet to
check for unrecorded names and to ensure
that each name listed is represented by at
least one organism.

In general, all complete and fragmented
BMls are enumerated if af least the head is
present. Fragmented or incomplete heads
are not enumerated. Although mollusks are
frequently identified to Genus or Species by
using shell characteristics, at least the or-
ganism must be present for the taxon to be
identified and enumerated in quantitatively
processed samples. Molluscan shells with-
out the organism are identified in qualita-

‘tively processed samples and noted ac-

cordingly (fable 9) on the bench data sheet.
A majority of the morphological charac-

~ters-used-to identify-pupal-and-adultinsects .

are located on the terminal abdominal seg-
ments (for example, genitalia}. In most
cases, these segments must be present to
achieve low-level taxonomic resolution. For
this reason, insect pupae and adults are
identified and enumerated provided that at
least the terminal abdominal segments and
some portion of the thorax are present. In
order to avoid a potentially. redundant rec-
ord, head and thorax combinations from pu-
pal and adult insects are only enumerated if
at least some of the anterior abdoeminal
segments are present as well. No aftempt is
made to match fragments with the remain-
der of the body. Organism patts that are
dissected or inadvertently fragmented during
identification are stored in a Ya-dram shell
vial or micreovial containing 70-percent etha-

- nol, plugged with cotton and placed in the
- taxon vial, Larval sclérites from pupal meta-

morphotypes are sither placed in the pu- |
parium or in a microvial.

6.5. Quality Control

6.5.1. Verification of taxonomic
identifications

The BG uses an approach to verifying
taxonomic identifications that simultaneously
checks the accuracy of identifications and
the precision of individual taxonomists. The
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approach consists of verifying a random se-
lection of 10 percent of all BM! taxa identi-
fied by laboratory taxonomists on a weekly
basis. in addition, all taxa representing new
or unverified additions to the BG master
taxonomic list are inciuded in this review. A
QC Officer verifies all taxa, and in doing so,
might consult with other taxonomists, This
approach is followed because it provides a
more comprehensive evaluation of the per-
formance among taxonomists for taxonomic
identifications in all samples where the se-
lected taxa are found. Since taxonomic er-
rors are either isolated (single occurrences)
or systemic (muitiple regular occurrences),
this approach allows for more appropriate
decisions to be made regarding the diagno-
sis and correction of taxonomic errors. As a
resuit;consistency-in-taxonomic identifica="
tion is maintained among BG taxonomists
and samples.
6.5.2. Review of benthic
macroinvertebrate data

The taxa chosen for taxonomic verifica-
tion are also re-enumerated in quantitatively
processed samples to determine the accu-
racy of the original count. As general guid-
ance, differences in enumeration for each
BMI taxon are maintained within the enu-
meration limits specified in table 13. Enu-
meration differences that result from
changes in the level of identification follow-
ing taxonomic verification are not assessed
as enumeration errors.

Table 13. Performance limits used to evalu-
ate the enumeration of benthic macroinver-
tebrates

[+, plus; +, plus or minus; %, percent]

Actual count for a
given taxon in the

Acceptable
deviation from the

sample recorded value
Lower Upper
limit limit
1 5 +0
6 15 +1 organism
16 35 +2 organisms "7
36 55 +3 organisms
56 85 +4 organisms
86+ +5% rounded up

6.5.3. Corrective actions

Bench data sheets are reviewed for
completeness before data entry. For all in-
stances where required information is miss-
ing (for example, the count for a taxon or a
life stage), the taxa are re-evaluated as
needed and the data sheets are corrected.
In addition, all identifications without a sup-
porting note (see table 8) that have not been
identified to the prescribed level of assess-
ment are re-evaluated.

6.5.4. Verification of benthic
macroinvert_gbrate
enumerations

The QC Officer examines all érrors in-

“‘volving identification, enumeration,-and

bench-data-sheet completeness and deter-

. —mines what correclive actions._are_ neces- .

sary. Errors and necessary corrections are
reviewed with the taxonomist prior to ad-
dressing them. The QC Officer performs a
follow-up review o determine that all correc-
tions are made.

7. Data Management

BMI data are entered into a computer
spreadsheet and reviewed for accuracy and
completeness. Taxonomic names are
checked for spelling errors and compared
against the BG BM| hierarchy to determine
their validily. Data are also reviewed fo en-
sure that supporting information, such as life
stage, taxonomic notes, enumerations, and
correction factors, is recorded where neces-
sary.

BMI taxa are arranged in phyloegenstic
order with unprocessed abundances cor-
rected for any laboratory and field subsam-
pling performed (= sample abundance). Un-
processed abundances and organism den-
sities {(number of organisms/m®) are pro-
vided on request. Data are typically released
in a tab-delimited ASCI! format usable by -
common spreadsheet and data-hase soft-
ware packages (table 14). Data for individual
samples are distinguished by the sample
identification code (sample 1D). A current
copy of the BG BMI hierarchy is made avail-
ablle with each data set released to facilitate
analysis of the taxonomic data,
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Tabls 14. Example benthic macroinvertebrate data set for a quantitative sample

[Taxa are arranged phylogenetically; 1D, identification code; BG, Biological Group; LS, life stage;
ref., reference collection; sp., species; L, farva(e); A, adult(s); dam., damaged; imm.
immature; indet., indeterminate]

Sample ID BG determination LS Notes Sample
abundance
Sample #1 Turbellaria 50
Sample #1 HNematoda 75
Sample #1 Leptoxis carinata (Bruguiére) ref. i28
Sample #1 Physa sp. 25 .
Sample #1 Corbicula sp. 25
Sample #1 Hydrachnidia 176
Sample #1 Cawmbaridae gender 25
Bample #1 Caenidae L dam. 25
Sample #1 Drunella sp. L 25
Sample #1 Serratella deficiens (Morgan} L 76
Sample #1 Tricorythodes sp. L 25
Sample #1 Baetidae L imm. ; dam. 605
 Sample #1 Acentrella turbida (McDunmough) L 76
Sample #1 Heptageniidae .~ ST T L Tiwm.;dam. T T J R - ¢
Sample #1  Leucrocuta sp. L 151
Sample #1 Stenonema mediopunctatum (McDunnough) L 25
Sample #1 Isonychia sp. L 378
Sample #1 Stylogomphus albistylus (Hagen). - L 25
Sample #1 Acroneuria sp. L 2
» Sample #1 Neoperla sp. L 1
Sample #1 Agnetina sp. L 2
Sample #1 Corydalus cornutus (Linnaeus) L 5
Sample #1 Sialis sp. L 25
Sample #1  Chimarra sp. L 328
Sample #1 Hydropsychidae L  imm. 630
Sample #1 Ceratopsyche sp. L 2,092
Sample #1 Ceratopsyche cf. morosa {(Hagen) L 262
Sample #1 Cheumatopsyche sp. L 25
Sample #1 Hydropsyche Iecnardi Ross I. new state record 101
. Sample #1 Microcylloepus sp. Fa 50
Sample #1 Microcylloepus pusillus {LeConte) A 25
Sample #1  Optioservus sp. L 50
Sample #1 Opticservus trivittatus (Brown) A -76
Sample #1. Stenelmis crenata group A 328
. Sample #1 Stenelmis sp. L 1,411
Sample #1 Psephenus herricki (DeKay) L 27
Sample #1 Bezzia/Palponiyia sp. ’ L 25
Sample #1 Microtendipes sp. L 151
Sample #1 Polypedilum sp. L 302 ,
Sample #1 Rheotanytarsus sp. L 403
Sample #1 Stempellinella sp. L ) 76
Sample #1 Orthocladiinae L . indet. 25
Sample #1 Cricotopus sp. L 25
Sample #1 Tvetenia sp. L 504
sample #1 Thienemannimyia group sp. L - 101
Sample #1 Simuliidae’ L imm. 378
Sample #1 Tipula sp. "L 1
Sample #1 Atherix lantha Webb 1 25
Sample #1 Tabanus sp. L 1
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SUMMARY

The Biological Group (BG) of the Na-
tional Water Quality Laboratory processes
benthic macroinvertebrate (BMl) samples by
using consistent and well-defined methods.
The BG has the capability to perform taxo-
nomic Identifications on aguatic invertebrate
fauna collected from throughout the United
States. BMI taxonomic and abundance data
can be used in aguatic ecological and water—
quality assessments. :

The BG qualitatively processes BMI
samples by using a visual sort method. The
objective of this method is i0 produce a
comprehensive and accurate list of unique
taxa sorted from a sample. This method in-
cludes sorting a size-fractionated sample
compeonent and systematically sorting all or

some part of the remainder of the sample.
Total sorting time is imited to 2 hours.

The BG quantitatively processes BMI
samples with a method that uses numeric
{fixed-count) and time (iotal soring time)
criteria in a method similar to the U.S. Envi-
ronmental Protection Agency Rapid Bio-
assessment Protocols. Organisms are either
sorted from the entire sample or, more often,
from randomly selected subsampies of the
original sample. The BG method differs from
the Rapid Bivassessment Protocol method
by (1) targeting a minimum number of or-
ganisms, (2} performing a large-rare organ-
ism sort on the unsorted part of the sample,
{3) limiting sorting effort o a maximum of 8
hours, and (4) sorting samples under a dis-
secting scope at X 10 magnificaton.

" The National Water Quality Laboratory
BG provides three levels of taxonomic as-
sessment: (1) Standard Taxonomic As-
sessment, {2) Rapid Taxonomic Assess-
ment, and (3) Custom Taxonomic Assess-
ment. The Standard Taxonomic Assessment
represents a Genus/Species approach for
most taxa. The Rapid Taxonomic Assess-
ment reduces taxonomic effort by identifying
BMIs to the Family level’and higher. Other
taxonomic levels not provided in the Stan-
dard or Rapid Taxonomic Assessments are
provided when possible with the Custom
Taxonomic Assessment, depending on the
customer's data-quality objectives.

Sample processing and taxonomic iden-
tification is quality assured by using consis-

tent and well-defined quality-control proce-
dures. All sorted sample remnants are re-
sorted to determine sorting effectiveness. A
random 10 percent of the identificatons
completed weekly (across projects and tax-
onomists) are reviewed for accuracy. In ad-
dition, all hiames new to the master taxo-
noric list are verified internally before being
placed in a reference collection. Taxonemic
specialists’ external to the BG may be con-
sulted to verify taxa ot to assist in resolving
complex taxonomic issues.
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APPENDIXES

Appendix 1.—Benthic
macroinvertebrate sample
qualifiers

BMI samples can be processed onsite 1o
create several different sample components.
The extent of this process depends not only
on decisions made onsite at the time of
sample collection but on the subsequent
laboratory processing methods desired. The
NAWQA program produces up to four differ-
ent sample components for each BMI sam-

ple collected (Cufiney and others, 1893b}. A

brief description of each of these compo-
nents is presented here.

Main-body component

The main-body sample component rep-
resents the majority of the organic defritus
collected with the sample and does not ex-
ceed 750 ml. in volume (excluding pre-
servative). Large material, such as rocks,
twigs, macrophytes, and large aggregations
of filamentous algae, are gently washed in
the field, inspected for attached macroin-
vertebrates, and then discarded.

Large-rare component

A large-rare component is produced for a
sample when large and rare specimens {for
example, crayfish, mussels, or hellgram-
mites) are present in the original sample.
This component should contain only a few
carefully sélected specimens. These spaci-
mens are removed before any field subsam-
pling and placed in a sample container
separate from the remaining detritus. They--
are segregated to minimize damage to them
or to other, more delicaie specimens during
initial field preservation, field subsampling,
or shipment to the laboratary.

Elutriate component

An elutriate component is produced if in-
organic debris (for example, sand or peb-
bles) are present in the sample. Elutriation
involves swirling the sample in a bucket fol-
lowed by careful decanting of the suspended
organic detritus and organisms into a sieve

or bucket, The heavier inorganic debris re-
mains in the bucket. Inorganic debris is in-
spected for case-building caddisfly larvae
and moliusks, then discarded onsite or sent
to the laboratory for a separate qualitative
evaluation. '

Split compenent

A split component is produced onsite
when the total volume of the original sample
exceeds 750 mL. Sample-splitting proce-

: dures are described i Cuffney and others

{1993b). This component is assumed to be
similar to the main-body component. Split

~ components are retained for later process-

ing if the integrity of the main-body compo-
nent is compromised during shipping or
laboratory processing.
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Appendix 2.—List of taxonomic
references by major taxonomic
groupings

The following list of taxonomic references
organized by major BMI groups does not
attempt to represent an exhaustive resource
for the identification of BMlIs. The list con-
tains references deemed important and
useful in the taxonomic work performed by
the BG. Although checklists, original taxo-
nomic descriptions {or primary literature),
and some unpublished works represent im-
portant sources of information to a taxono-
mist, they are not listed here. Also, there is a
great deal of taxonomic information avail-
able on the Internet, Some of this inferma- .
tion has been previously peer reviewed and
published and then posted on the internet

for easier access. Other information (for ex-

ample, checklists) may not have been peer
reviewed and is updated with varying fre-
quency. Users should verify the reliability of
the sources and read any accompanying
qualifying statements or disclaimers.

General Macroinveriebrate References

Smith, R.l., and Cariton, J.T., eds., 1975,
Lights manual—Intertidal invertebrates of
the central California coast (3" ed.):
Berkeley, California, University of
California Press, 716 p.

Peckarsky, B.L.., Fraissinet, P.R., Penton,
M.A., and Conklin, D.J., Jr., 1980,
Freshwater macroinvertebrates of
northeastern North America: Ithaca, New
York, Comell University Press, 442 p:

Pennak, R.W., 19892, Freshwater
invertebrates of the United States (3
ed.). New York, New York, John Wiley
and Sons, 628 p.

Thorp, J.H., and Covich, A.P., eds., 1981,
Ecology and classification of North
American freshwater invertebrates: San
Diego, California, Academic Press, Inc.,
911 p.

Mollusca: Bivalvia and Gastropoda

Burch, J.B., 1875, Freshwater sphaeriacean
clams (Mollusca: Pelecypoda) of North
America: Hamsburg, Michigan,
Malacclogical Publications, 86 p.

Burch, J.B., 1973, Freshwater unionacean
clams (Mollusca: Pelecypoda) of North
America: Washington, D.C., U.S. )
Environmental Protection Agency, Water
Pollution Control Research Series, Biota
of Freshwater Ecosysterns Identification
Manual, no. 11, 176 p.

Burch, J.B., 1982, Freshwater snails
(Mollusca; Gastropoda) of Nerth
America: Cincinnati, Chio, U.S.
Environmental Profection Agency, Office
of Research and Development, EPA—
600/3-82—-026, 294 p.

* Heard, W H., 1979, Identification manual of

the freshwater clams of Florida:
Tallahassee, Florida, State of Florida,
Department of Environmental Protection,
83 p.

Turgeon, D.D., Bogan, AE., Coan, E.V.,
Emerson, W.K,, Lyons, W.G., Pratt, W.L.,
Roper, C.F.E., Scheltema, A., Tompson,
F.G., and Williams, J.D., 1988, Common
and scientific names of aquatic
invertebrates from the United States and
Canada—Mollusks: American Fisheries
Society Special Publication, no. 16, 277
p.

Watters, G.T., 1995, A guide to the
freshwater mussels of Chio: The Ohio
Division of Wildlife; Columbus, 121 p.

Annelida: Hirudinea, Oligochaeta, and
Polychaeta )

Fauchald, Kristian, 1977, The polychaete
worms—Definitions and keys to the
orders, families and genera: Natural
History Museum of Los Angeles County,
Science Series, no. 28, 188 p.

Kathman, R.D., and Brinkhurst, R.O., 1998,
Guide to the freshwater oligochaetes of
North America: College Grove,
Tennessee, Aguatic Resources Center
Publication, 264 p.
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Klemm, D.J., 1982, Leeches {(Annelida:
Hirudinea) of North America: Cincinnati,
Ohio, 1).S. Environmental Protection
Agency, Office of Research and
Development, EPA-600/3-82-025, 177 p.

Klemm, D.J., ed., 1985, A guide to the
freshwater Annelida (Polychaeta, naidid
and tubificid Oligochaeta, and Hirudinea)
of North America: Dubuque, lowa,
KendallfHunt Publishing Company, 198
p.

Kiemm, D.J., 1995, Identification guide to
the freshwater leaches (Annelida:
Hirudinea) of Florida and other Southern
States: Tallahasses, Florida, State of
Florida, Department of Environmental
Protection, 82 p.

Milligan, M.R., 1997, |dentification manual

——— forthe-Oligochaeta-of-Flerida— - -

Freshwater oligochaetes: Tallahassee,
Florida, State of Florida, Department of
Environmental Protection, v. |, 187 p.

Milligan, M.R., 1995, Identification manual
for the Oligochaeta of Flerida—Estuarine
and nearshore marine oligochaetes:
Tallahassee, Florida, State of Florida,
Department of Environmental Protection,
v. ll, 239 p.

Arthropoda: Amphipoda, Decapoda, and
lsopoda

Haobbs, H.H., Jr., 1976, Crayfishes

(Astacidae) of North and Middle America:

Washington, D.C., U.S. Environmental
Protection Agency, Water Pollution
Control Research Serles, Biota of
Freshwater Ecosystems ldentification
Manual, nc. 9; 173 p. -

Hobbs, H.H., Jr., 1989, An illustrated
checklist of the American crayfishes
(Decapoda: Astacidae, Cambaridae, and
Parastacidae). Smithsonian
Contributions to Zoology, no. 480, 236 p.

Holsinger, J.R., 1972, The freshwater

amphipod crustaceans (Gammaridae) of
North America: Washington, D.C., U.S.
Environmental Protection Agency, Water
Pollution Control Ressarch Series, Biota
of Freshwater Ecosystems |dentification
Manual, no. 5, 89 p.

Jezerinac, R.F., Stocker, G.W., and Tarter,
D.C., 1995, The crayfishes {Decapoda:
Cambaridae) of West Virginia: Bulletin of
the Ohio Biological Survey New Series,
v. 10, no. 1, 193 p.

Page, L.M., 1985, The crayfishes and
shrimps (Decapoda) of lllinois: lllinois
Natural History Survey Bulletin, v. 33, no.
4, p. 335-448.

Williams, A.B., Abele, L.G., Felder, D.L.,
Hobbs, H.H., Jr., Manning, R.B.,
MecLaughlin, P.A., and Farfante, 1.P.,
1989, Common and scientific names of
aquatic invertebrates from the United
States and Canada—Decapod
crustaceans: American Fisheries Society
Special Publication, no. 17, 77 p.

Willtlams, W.D., 1972, Freshwater |sopods _

- —{Asellidae)- of North-America:--

Washington, D.C., U.8. Environmental
Protection Agency, Water Pollution
Control Research Series, Biota of
Freshwater Ecosystems Identification
Manual, no. 7, 45 p.

Arthropoda: Insecta (general references)

Brigham, A.R., Brigham, W.U., and Gnilka,

A., eds., 1982, Aquatic insects and
oligochaetes of North and Scuth
Carolina; Mahomet, llinois, Midwest
Aquatic Enterprises, 837 p.

Hilsenhoff, W.L.., 1995, Aquatic insects of
Wisconsin—Keys to Wisconsin genera
and notes on biology, habitat, distribution
and species: Madison, Wisconsin,
Natural History Museums Council
Publications, University of Wisconsin-
Madison, no. 3, 79 p.

Merritt, R.W., and Cummins, KW., eds.,
1996, An :ntroductlon to the aquat:c
insects of North America (3" ed.):
Dubuque, lowa, Kendall/Hunt Publishing
Company, 862 p.

Torre-Bueno, J.R. de la, 1989, The Torre-
Bueno glossary of entomology (rev. ed.):
New York, New York, The New York
Entomological Society, 840p. -~
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Usinger, R.L., ed., 1956, Aquatic insects of
California with keys to North American
genera and California species: Berkeley,
California, University of California Press,
508 p.

Insecta: Ephemeroptera

Allen, R.K., and Edmunds, G.F., Jr., 1959, A

revision of the genus Ephemerella
{(Ephemeroptera: Ephemerellidag)—|--
The subgenus Timpanoga: Canadian
Entomologist, v. 91, p. 51--58.

Allen, R.K., and Edmunds, G.F., Jr., 1961, A
revision of the genus Ephemerella
(Ephemeroptera: Ephemerellidae)—Il—
The subgenus Caudatella: Annals of the
Entomological Socisty of America, v. 54,
p. 603-612,

Allen, R.K., and Edmunds, G.F., Jr., 1961, A
revision of the genus Ephemerella
{Ephemeraoptera; Ephemerellidag}—Ill—
The subgenus Atfenuatella: Journal of
the Kansas Entomological Society, v. 34,
p. 161-173.

Allen, R.K., and Edmunds, G.F., Jr., 1962, A
revision of the genus Ephemerella
(Ephemeroptera: Ephgemerellidag)-—
IV—The subgenus Dannella: Journal of
the Kansas Entomological Scciety, v. 35,
p. 333-338.

Allen, R.K., and Edmunds, G.F., Jr., 1962, A
revision of the genus Ephemerella
{Ephemercptera: Ephemerellidag)—V—
The subgenus Drunelfia in North America:
Miscellanepus Publications of the

Entomological Society.of America, v. 3, -

p. 147-179.

Allen, R.K,, and Edmunds, G.F., Jr., 1963, A
revision of the genus Ephemerella .
(Ephemeroptera: Ephemerellidae)—V!—
The subgenus Serratella in North
America: Annals of the Enfomological
Society of America, v. 56, p. 583-600.

Altlen, R.K., and Edmunds, G.F., Jr., 1963, A
revision of the genus Ephemerella
{Ephemeroptera; Ephemerellidag)—VIl—
The subgenus Eurylophella: Canadian
Entomologist, v. 95, p. 597-623.

Allen, R.K., and Edmunds, G.F., Jr., 1965, A
revision of the genus Ephemerella
(Ephemeroptera: Ephemerellidag)—
VIlIl—The subgenus Ephemerella in
North America: Miscellaneous
Publications of the Entomological Society
of America, v. 4, p. 243-282.

Allen, R.K., 1978, The nymphs of North and
Central American Lepiohyphes. Annals
of the Enfomological Society of America,
v. 71, p. 537-558.

Bae, Y.J.,.and McCafferty, W.P., 1991,
Phylogenetic systematics of the
Potamanthidae (Ephemeroptera):

. Transactions of the American
Entomologica! Society, v. 117, p. 1-143.

Bednarik, A.F., and McCafferty, W.P., 1979,
Biosystematic revision of the genus

- ——Stenonema-(Ephemeroptera:- -

Heptageniidae): Canadian Bulletin of
Fisheries and Aquatic Sciences, v. 201,
p. 1-73.

Berner, Lewis, 1956, The genus
Neoephemera In North America
{Ephemeroptera: Neoephemeridae):
Annals of the Entomological Society of
America, v. 49, p. 33-42.

Berner, Lewis, 1975, The mayfly family
Leptophlebiidae in the Southeastern
United States: The Florida Entornologist,
v. 58, p. 137-156.

Berner, Lewis, 1978, A review of the mayfly
family Metretopodidae: Transactions of
the American Entomological Society, v.
104, p. 91-137.

Berner, Lewis, and Pescador, M.L., 1988,
The mayflies of Florida, revised edition:
Gainesville, Florida, University Presses
of Florida, 415 p.

Edmunds, G.F., Jr., and Allen, R.K., 1964,
The Rocky Mountain species of Epeorus
{fron} Eatory (Ephemeroptera:
Heptageniidae): Journal of the Kansas
Entomological Society, v. 37, p. 275-
288.

Edmunds, G.F., Jr., Jensen, S.L., and
Berner, Lewis, 1976, The mayflies of
North and Central America; Minneapolis,
Minnesota, University of Minnesota
Press, 330 p.

36 PROCESSING MACRGINVERTEBRATE SAMPLES



—

Kondratieff, B.C., and Voshell, J.R., Jr.,
1984, The North and Central Ametrican
species of Isonychia (Epnemeroptera:
Oligoneuriidae): Transactions of the
American Entomological Society, v. 110,
p. 129-244.,

McCafferty, W.P., 1975, The burrowing
mayflies of the United States
(Epnemeroptera: Ephemeroidea):
Transactions of the American
Entomological Society, v. 101, p. 447-
504. ,

McCafferty, W.P., 1977, Biosystematics of
Dannella and Related Subgenera of
Ephemerella (Ephemeroptera:
Ephemerellidae): Annals of the
Entomological Sociely.of America, v. 70,
p. 881-889.

- ----—McGaﬁerty,—W:P:,—Wigle,—-M.—J-.-; and-Walt—z-,

R.D., 1994, Systematics and biology of
Acentrella furbida (McDunnough)
{(Ephemeroptera: Baetidae): Pan-Pacific
Entomologist, v. 70, p. 301-308,

Morihara, D.K., and. McCafferty, W.P., .
1979, The Baelis larvae of North America
{Ephemeroptera: Baetidae): Transactions
of the American Entomalogical Society,
v. 105, p. 139-221,

Pescador, M.L., and Berner, Lewis, 1981,
The mayfly family Baetiscidae
{Ephemeroptera)—Part Il—
Biosystematics of the genus Baelisca:
Transactions of the American
Entomological Society, v. 107, p. 163—

Ped&fior, M.L., and Peters, W.L., 1980, A
revision of the genus Homoecneuria
(Ephemeroptera; Oligoneuriidae):
Transactions of the American .
Entomological Society, v. 108, p. 357~
393.

Provonsha, A.V., 1990, A revision of the
genus Caenis in North America
{Ephemeroptera: Caenidae):
Transactions of the American
Entomological Society, v. 116, p. 801~
884.

Randolph, R.P., and McCafferty, W.P.,
1998, Diversity and distribution of the
mayflies (Ephemeroptera} of lllinois,
Indiana, Kentucky, Michigan, Ohio, and
Wisconsin: Ohio Biological Survey.
Bulletin New Series, v. 13, 188 p.

Insecta: Odonata

Carle, F.L., 1979, Two new Gomphus
{Odonata: Gomphidae) from easfern
North America with adult keys to the
subgenus Hylogomphus: Annals of the
Entomological Society of America, v. 72,
p. 418—428,

Carle, F.L., 1980, A new Lanthus (Odonata:
Gomphidae) from eastern North America
with adult and nymphal keys fo American
.Octogomphines: Annals of the
Entomological Society of America v. 73,
p. 172-179.

Carle, F.L., 1992, Ophiogomphus
{Ophionurus) australis spec. nov. from
the Gulf Coast of Louisiana, with larval
and aduli keys to American
Ophiogomphus {(Anisoptera:

-——-Gomphidae)-Odonatologiea-v: 21p: -

141-152.

Daigle, J.J., 1891, A new key to the larvae of
North American Somatochiora: Argia, v.
3, p. 910,

Daigle, J.J., 1991, Florida damselfiies
{Zygoptera)-—A species key to the
aquatic larval stages: Tallahassee,
Fiorida, State of Florida, Department of
Environmental Regulaticn Technical
Series, v. 11, p. 112,

Daigle, J.J., 1992, Florida dragonflies
(Anisoptera}—A species key to the
aquatic larval stages: Tallahassee,
Florida, State of Florida, Department of
Environmental Regulation Technical
Series, v. 12, p. 1-29.

Dunklé, S.W., 1977, Larvae of the genus
Gomphaeschna (Odonata: Aeshnidae):
The Florida Entomoilogist, v. 60, p. 223~
225. -

" Dunkle, S.W., 1989, Dragonflies of the

Florida Peninsula, Bermuda and the
Bahamas: Gainesville, Florida, Scientific
Publishers Nature Guide, 154 p.

Dunkle, S.W., 1990, Damselflies of Florida,
Bermuda and the Bahamas: Gainesville,
Florida, Scientific Publishers Nature
Guide, 148 p.

APPENDIXES 37



———

Garrison, R.W., 1984, Revision of the genus
Enallagma of the United States west of
the Rocky Mountains and identification of
certain larvae by discriminant analysis
(Odonata: Coehagrionidae): University of
California Publications in Entomology, v.
105, p. 1—129.

Johnson, Clifford, 1972, The damselflies
(Zygoptera) of Texas: Bulletin of the
Florida State Museum, v. 16, p. 55-128,

Polhemus, D.A., and Asquith, Adam, 1996,
Hawaiian damselflies, a field
identification guide: Honolulu, Hawaii,
Bishop Museum Press, no. 90, 122 p.

Tennessen, K.J,, 1993, The larvae of
Progomphus bellei Knopf and Tennessen
(Anisoptera; Gomphidae):
Odonatologica, v. 22, p. 373-378.

~ Westfall, MJ,, Jr,, and Tennessen, K.J.,

1979, Taxonomic clarification within the
genus Dromogomphus Selys (Odonata:

- Gomphidae): The Florida Entomologist,
v. 62, p. 266-273.

Westfall, M.J., Jr., and May, M.L., 1996,
Damselflies of North America:
Gainesville, Florida, Scientific Publishers,
649 p.

Needham, J.G., and Westfall, M.J., Jr.,
1954, A manual of the Dragonflies of
North America (Anisoptera}—Including
the Greater Antilles and the provinces of
the Mexican border: Berkeley, California,
University of California Press, 615 p.

Insecta: Plecoptera,

Alexander, K.D., and Stewart, K.W., 1999,
Revison of the genus Suwallia Ricker
(Plecoptera: Chleroperlidae):
Transactions of the American
Entormological Society, v. 125, p. 185—~
250.

Baumann, R.W., 1975, Revision of the
stonefly family Nemouridae
{Plecoptera}—A study of the world fauna

_ at the generic level: Smithsonian
Contributions to Zoology, no. 211, 74 p.

Baumann, R.W., Gaufin, A.R., and Surdick,
R.F., 1877, The stoneflies (Plecoptera) of
the Rocky Mountains: Memoirs of the
American Entomological Socisty, v. 31,
p. 1-208.

Frison, T.H., 1935, The stonefiies, or
Plecoptera, of lliinois: Bulletin of the
lllinois Natural History Survey, v. 20, p.
281-471,

Fuliington, K.E., and Stewart, K.W., 1980,
Nymphs of the stonefly genus
Taeniopteryx (Plecoptera:
Taeniopterygidae) of North America;
Journal of the Kansas Entomological
Society, v. 53, p. 237-259,

Hitchcock, S.\W., 1974, Guide to the insects
of Connecticut—Part Vil—The
Plecoptera or stoneflies of Connecticut:
State Geological and Natural History
Survey of Connecticut Bulletin, v. 107, p.
1-261. (

Kondratieff, B.C., and Nelson, C.H;, 1995, A
review of the genus Remenus Ricker

- -—{Plecoptera-Perlodidae), with-the - - - -

description of two new species:
Proceedings of the Entomotogical

* Society of Washington, v. 97, p. 596—
602.

Kondratieff, B.C., Kirchner, R.F., and
Stewart, K.W., 1988, A review of
Perlinella Banks (Plecoptera: Perlidae):
Annails of the Entornological Society of
America, v. 81, p. 19-27.

Kondratieff, B.C., Kirchner, R.F., and
Voshell, J.R., Jr., 1981, Nymphs of
Diploperia: Annals of the Entomological
Society of America, v. 74, p. 428-430.

Nelson, C.R., and Baumann, R.W., 1987,
The winter stonefly genus Capnura
{Plecoptera: Capniidae) in North
America—Systematics, phylogeny, and . .
zoogeography: Transactions of the
American Entomological Society, v. 113,
p. 1—28.

Nelson, C.R., and Baumann, RW., 1989,
Systematics and distribution of the winter
stonefly genus Capnia (Plecoptera:
Capniidae) in North America: Great
Basin Naturalist, v. 49, p. 289--363.

Poulton, B.C., and Stewart, K.W., 1991, The
stonefiies of the Ozark and Ouachita
mountains (Plecoptera). Memoirs of the
American Entomological Society, no. 38,
116 p.

38 PROCESSING MACROINVERTEBRATE SAMPLES



Sivec, Ignac, Stark, B.P., and Uchida,
Shigekazu, 1988, Synopsis of the world
genera of Perlinae {Plecoptera:
Periidae): Scopolia, v. 18, p. 1-66.

Stark, B.P., and Baumann, R.W., 1978, New
species of Nearctic Neoperia
(Flecoptera: Perlidae), with notes on the
genus: Great Basin Naturalist, v. 38, p.
97-114.

Stark, B.P., and Gaufin, AR., 1974, The
genus Diploperia (Plecoptera:
Perlodidag): Journal of the Kansas
Entomological Society, v. 47, p. 433~
438.

Stark, B.P., and Nelson, C.H., 1994,
Systematics, phylogeny, and
zoogeography of the Genus Yoraperfa
(Plecoptera: Peltoperiiae}: Entomologica

i ———Scandinavica, v. .25,.p.. 241=273. _

Stark, B.P., and Ray, D.H., 1983, A revision
of the Genus Helopicus (Plecoptera:
Perlodidae): Freshwater Invertehrate
Biology, v. 2, p. 16-27.

Stark, B.P., and Stewart, KW., 1981, The
Nearctic genera of Peltoperlidae
{Plecoptera): Journal of the Kansas
Entomological Sociely, v. 54, p. 285—
311,

Stark, B.P., and Szczytko, S.W., 1981,
Contributions to the systematics of
Paragnetina (Plecoptera: Perlidag):
Journal of the Kansas Entomolegical
Society, v. 54, p. 625-648.

Stark, B.P., 1983, A review of the genus
Soliperia (Plecoptera: Peltoperlidae):
Great Basin Naturalist, v. 43, p. 30-44.

Stark, B.P., 1986, The Nearctic species of -
Agnetina {Plecoptera: Perlidaé): Journal
of the Kansas Entomological Society, .
59, p. 437-445.

Stewart, KW., and Stark, B.P., 1984,
Nymphs of North American Perlodinae
genera (Plecoptera: Perlodidae): Great
Basin Naturalist, v. 44, p. 373-415.

Stewart, K.W., and Stark, B.P., 1988,
Nymphs of North American stonefly
genera (Plecoptera): Entomological
Soclety of America, Thomas Say
Foundation Series, no. 12, 460 p.

Szczytko, S.W., and Stewart, K.W., 1977,
The stoneflies (Plecoptera) of Texas:
Transactions of the American
Entomological Society, v. 103, p. 327—
378.

Szezytko, S.W., and Stewart, KW, 1979,
The genus /soperia of western North
America—Holomorphology and
systematics, and a new stonefly genus
Cascadoperia; Memoirs of the American
Entomological Society, no. 32, 120 p.

Szyzytko, S.W., and Stewart, K.W., 1981,
Reevaluation of the genus Clioperia:
Annals of the Entomological Society of
America, v. 74, p. 563-569.

Insecta: Heteroptera

Anderson, L.D., 1932, A monograph of the

genus Metrobafes (Hemiptera: Gerridae):
The University of Kansas Science
Bulletin, v. 20, p. 297-311.

Bennett, D.V., and Cook, E.F., 1981, The
semiaquatic Hemiptera of Minnesota
(Hemiptera: Heteroptera): Agricultural
Experiment Station, University of
Minnesota, Technical Bulletin, v. 332, p.
1-59.

Chapman, H.C., 1962, The Saldidae of
Nevada: Pan-Pacific Entomologist, v. 38,
p. 147-159. '

Davis, J.R., 1996, The creeping water bugs
{Hemiptera: Naucoridae) of Texas: The
Southwestern Naturalist, v. 41, p. 1-26.

Deay, H.0., 1935, The genus Tenagobia
Bergroth (Corixidae, Heteroptera):
University of Kansas, Science Bulletin, v.
22, p. 403-477.

Dunn, C.E., 1974, A revision and
phylogentic study of the genus
Hesperocorixa Kirkaldy (Hemiptera:
Corixidae): Proceedings of the Academy
of Natural Sciences of Philadelphia, v.
131, p. 158-190.

Froeschner, R.C., 1962. Contributions fo a
synopsis of the Hemiptera of Missouri—
‘part V—Hydrometridae, Gerridae,
Veliidae, Saldidae, Ochteridae,
Gelastocoridae, Naucoridae,
Belostomatidae, Nepidae, Notonectidae,
Pleidae, Corixidae: American Midland
Naturalist, v, 67, p. 208-240,

APPENDIXES 39



Henry, T.J., and Froeschner, R.C., eds,,
1988, Catalog of the Heteroptera, or true
bugs, of Canada and the continental
United States: Leiden, New York, E.J.
Brill, 958 p.

Hungerford, H.B., 1934, The genus
Nofonecta of the world (Notonectidae:
Hemiptera); Universily of Kansas,
Science Bulletin, v. 21 p. 5-195.

Hungerford, H.B., 1948, The Corixidae of
the Western Hemisphere (Hemiptera);
University of Kansas, Science Bulletin, v.
32, p. 1-827. :

Jansson, Aniti, and Polhemus, J.T., 1987,
Revision of the genus Morphocorixa
Jaczewski (Heteroptera: Carixidae):
Annales Entomolegicici Fennici, v. 53, p.
105-118.

Keffer, S.L.., 1996, Systematics of the New

world water scorpion genus Curicta Stal
(Heteroptera: Nepidae): Journal of the
New York-Entomological Society, v. 104,
p. 117--215,

La Rivers, Ira, 1951, A revision of the genus
Ambrysus in the United States:
University of California Publications in
Entomology, v. 8, p. 277-338.

Menke, A.E., ed., 1978, The semiaquatic
and aguatic Hemiptera of California
(Heteroptera: Hemiptera): Bulletin of the
California Insect Survey, v. 21, p. 1-166.

Menke, A.S., 1958, A synopsis of the genus
Belostoma Latreilie, of America north of
Mexico, with the description of a new
species: Bulletin of the Southern
California Academy of Sciences, v. 57, p.
154174,

Menke, A.S., 1960, A taxonomic study of the
genus Abedus Stal (Hemiptera:
Belostomatidae): University of Califernia
Publications in Entomology, v. 16, p.
393--440.

Menke, A.S., 1963, A review of the genus
Lethocerus in North and Central
America, including the West Indies:
Annals of the Entomological Society of
America, v. 58, p. 261-267.

Polhemus, D.A., 1997, Systematics of the
genus Rhagovelia Mayr (Heteroptera:
Veliidae) in the Western Hemisphere
{exclusive of the angustipes Complex):
Entomological Society of America,
Thomas Say Publications in Entomology
Monograph, 386 p.

Polhemus, J.T., 1985, Shore bugs
(Heteroptera: Hemiptera: Saldidae}—A
world cverview and faxonomy of middle
American forms: Englewood, Colorado, A
Different Drummer, 252 p.

Schell; D.V., 1943, The Ochteridae
(Hemiptera) of the Western Hemisphere:
Journal of the Kansas Entomological
Society, v. 16, p. 29-47.

Sites, R.W., and Polhemus, J.T., 1994,
Nepldae {Hemiptera) of the Unlted States

- —and-Ganadar-Annals-of-the- - -

Entomological Society of America, v. 87
p. 27-42.

Smith, C.L., and Polhemus, J.T., 1978, The
Veliidae (Heteroptera) of America north
of Mexico—Keys and checklist:
Proceedings of the Entomological
Society of Washington, v. 80, p. 56-68,

Todd, E.L., 1955, A taxonomic revision of
+ the family Gelastocoridae {Hemiptera):
University of Kansas, Science Bulletin, v.
37, p. 277-475.

Torre-Bueno, J.R. de la, 1926, The family

Hydrometridae in the Western
Hemisphere: Entomologica Ametricana,
v. 7, p. 83-128.

Truxal, F.S., 1852, A revision of the genus
Buenoa (Hemiptera: Notonectidae):
University of Kansas, Science Bulletin, v.
35, p. 1351-1523.

Insecta: Megaloptera, Neuroptera

Contreras-Ramos, Afilano, 1998,
Systemalics of the dobsonfly genus
Corydalus (Megaloptera: Corydalidae):
Entomological Society of America,
Thomas Say Publications in Entomology

. Monograph, p. 360.

Flint, 0. S, Jr,, 1965, The genus
Nechermes (Megaloptera: Corydalidae):
Psychs, v. 72, p. 255-263.

40 PROCESSING MACROINVERTEBRATE SAMPLES



Parfin, 8.1., and Gurney, AB., 1956, The
spongilla-fies, with special reference to
those of the Western Hemisphere
(Sisyridae, Neuroptera): Proceedings of
the U.S. National Museum, v. 105, p.
421-529.

Whiting, M.F., 1991, A distributional study of
Sialis (Megaloptera Sialidae) in North
America; Entomclogical News, v. 102, p.
50-56.

insecta: Trichoptera

Anderson, N.H., 19;(6, The distribution and

biology of the Oregon Trichoptera:
Oregon Agricultural Experiment Station
Technical Bulletin, v. 134, p. 1-152.

Armitage, B.J., 1991, Diagnostic atlas of the

North Amencan caddrsfly adults—f—

Philopofamidae (2 ed.): Athens,
Alabama, The Caddis Press, 72 p.

Armitage, B.J., and Hamilton, S.W., 1990,
Diagnostic atlas of the North American
caddisfly adults—||—Ecnomidae,
Polycentropodidae, Psychomyiidae, and
Xiphocentronidae: Athens, Alabama, The
Caddis Press, 150 p.

Blickle, R.L., 1979, Hydropfilidae
(Trichoptera) of America nerth of Mexico:
Bulletin University of New Hampshire
Agricultural Experiment Station, no. 509,
97 p.

Chapin, J.W., 1978, Systematics of Nearctic
Micrasema (Trichoptera:
Brachycentridae): Clemson, South
Carolina, unpublished Ph.D. Dissertation,
Clemson University, 136 p.

Flint, 0.S., Jr., 1856, The life history and
biology of the genus Frenesia
(Trichoptera: Limnephilidae): Bulletin of
the Brooklyn Entomological Society, v
51, p. 93-108.

Flint, O.8., Jr., 1960, Taxonomy and biology
of Nearctic limnephilid larvae
(Tnchoptera) with special reference to
species in eastern United States:
Entomologica Americana, v..40, p. 1-
120.

Flint, 0.8., Jr., 1961, The immature stages
of the Arctopsychiinae occurring in
eastern North America (Trichoptera:
Hydropsychidae). Annals of the
Entomological Society of Amenca v. 54,
p. 5—11.

Flint, 0.8., Jr., 1962, Larvae of the caddis fly
genus Rhyacophﬂa in eastern North
America (Trichoptera: Rhyacophilidae).
Proceedings of the U.S. National
Museum, v. 113, p. 465-493.

Flint, ©.8., Jr., 1964, Notes on some
Nearctlc Psychomyudae with special’
reference to their larvae (Trichoptera):
Proceeding of the United States National
Museum, v. 115, p. 467—481.

Flint, 0.8., Jr., 1984, The genus
Brachycentrus in North America, with a

.——proposed-phylegeny-of-the-genera-of- -~ -

Brachycentridae (Trichoptera):
Smithsonian Contributions to Zoology,
no. 398, 58 p.

Fioyd, M.A., 1995, Larvae of the caddisfly
genus Oscstis {Trichoptera:
Leptoceridae)} in North America: Bulletin

of the Ohio Biological Survey New
Series, v. 10, no. 3, 85 p.

Givens, D.R., and Smith, 5.D., 1980, A
synopsis of the western Arctopsychinae
(Trichoptera; Hydropsychidae):
Melanderia, v. 35, p. 1-24.

Glover, J.B., 1996, Larvae of the caddisfly
genus Triaenodes and Yiodes
(Trichoptera: Lptoceridae) in North
America: Bulletin of the Ohio Biological
Survey New Series, v. 11, no. 2, 89 P

Gordon, AE., 1974, A syn0p5|s and
phylogenetlc outline of the Nearclic
members of Cheumatopsyche:
Proceedings of the Academy of Natural
Sciences of Philadelphia, v. 126, p. 117-
160.

Haddock, J.D., 1977, The biosystematics of
the caddisfly genus Nectopsyche in
North America, with emphasis on the
aquatic stages: American Midland
Naturalist, v. 98, p. 382—421.

APPENDIXES 41



Lago, P.K., and Harris, 5.C., 1987, The
Chimarra (Trichoptera: Philopotamidae)
of eastern North America with ,
descriptions of three new species:
Journal of the New York Entomological
Society, v. 95, p, 225-251.

Mackay, R.J., 1978, Larval identification and
instar association in some specias of
Hydropsyche and Cheumatopsyche
(Trichoptera: Hydropsychidae): Annals of
the Entomological Society of America, v,
71, p. 499-508.

Morse, J.C., 1975, A phylogeny and revision
of the caddisfly genus Ceraclea
(Trichoptera: Leptoceridae):
Contributions of the American
Entomological Institute, v. 11, p. 1-97.

Moulton, S.R., I, and Stewart, K.W., 1996,

. Caddisflies (Trichoptera)-of_the interior_
Highlands of North America: Memoirs of
the American Entomolegical Institute, v.
56, p. 1-313.

Nimmo, A.P., 1886, The aduilt
Polycentropodidae of Canada and
adjacent United States: Quaestiones
Entomologicae, v. 22, p. 143-252.

Nimmo, A.P., 1987, The adult
Arctopsychidae and Hydropsychidae
(Trichoptera) of Canada and adjacent
United States: Quaestiones
Entomologicae, v, 23, p. 1-189.

Parker, C.R., and Wiggins, G.B., 1985, The
Nearctic caddisfly genus Hespesrophylax
{Trichoptera: Limnephilidae): Canadian
Joumal of Zoology, v. 81, p. 2443--2472

Parker, C.R., and Wiggins, G.B., 1987,
Revision of the caddisfly genus Psilofreta
(Trichoptera: Odontoceridae): Royal
Ontario Museum Life Sciences
Contributions, no. 144, 55 p.

Pescador, M.L., Rasmussen, A.K., and
Harris, S.C., 1995, ldentification manual
for the caddisfly (Trichoptera) larvae of
Florida: Tallahassee, Florida, State of
Florida, Department of Environmental
Protection, 132 p.

Resh, V.H., 1978, The biclogy and immature-
stages of the caddisfly genus Ceraclea in
eastern North America (Trichopteta:
Leptoceridae): Annals of the
Entomological Society of America, v. 69,
p. 1039--1061.

Ross, H.H., 1944, The caddis flies, or
Trichoptera, of lllinois: Bulletin of the
{llinois Natural History Survey, v, 23, p.
1-326.

Ross, H.H., 1956, Evolution and

- classification of the mountain caddisflies: A

Urbana, lliinois, University of lllinois
Press, 213 p.

Ross, H.H., and Wallace, J.B., 1974, The
North American genera of the family
Sericostomatidae (Trichoptera): Journal
of the Georgia Entomological Society, v.

. O.pd2-A8._

Ruiter, D.E., 1995, The adult Limnephifus
Leach (Trichcptera: Limnephiliae) of the
New World: Bulletin of the Ohio
Biological Survey New Series, v. 11, no.
1, 200 p,

Schefter, P.W., and Wiggins, G.B., 1986, A
systematic study of the Nearctic larvae of
the Hydropsyche morosa group
(Trichoptera: Hydropsychidae): Royal
Ontario Museum, Life Sciences
Miscellaneous Publications, 94 p.

Schmid, Fermnand, 1870, Le genre
Rhyacophila et le famille des
Rhyacophilidae (Trichoptera), Memoirs of
the Entomological Society of Canada, v.
66, p. 1-230.

Schmid, Fernand, 1998, The insects and
arachnids of Canada—Part 7—Genera of
the Trichoptera of Canada and adjoining
or adjacent United States: Ottawa,
Ontario, NRC Research Press, 319 p.

Schuster, G.A., and Etnier, D.A_, 1978, A
manual for the identification of the larvae
of the caddisfly genera Hydropsyche
Pictet and Symphitopsyche Ulmer in
eastern and central North America
(Trichoptera: Hydropsychidae):
Cincinnati, Ohio, U.3. Envircnmental
Protection Agency, Office of Research
and Pevelopment, EPA-600/4-78-060.

42 PROCESSING MACROINVERTEBRATE SAMPLES



Sherberger, F.F., and Wallace, J.B., 1971,
Larvae of the southeastern species of
Molanna: Journal of the Kansas
Entomological Society, v. 44, p. 217
224,

Weaver, J.S., lll, 1988, A synopsis of the
North American Lepidostomatidae
(Trichoptera): Contributions of the
American Entomological Institute, v. 24,
p. 1—141. -

Weaver, J.5., lll,-and Sykora, J.L., 1979,
The Rhyacophifa of Pennsylvania, with
larval descriptions of R. hanksiand R.
carpenteri (Trichoptera: Rhyacophifidae):
Annals of the Carnegi¢ Museum, v. 48,
p. 403-423, '

Wiggins, G.B., 1960, A prefiminary
systematic study of the North Ametican
larvae of the caddisfly family

Phryganeidae {Trichoptera): Canadian
Journal of Zoology, v. 38, p. 1153-1170.

Wiggins, G.B., and Richardson, J.5., 1982,
Revision and synopsis of the caddisfly
genus Dicosmoecus (Trichoptera:
Limnephilidae: Dicosmoecinae): Aquatic
Insects, v. 4, p. 181-217.

Wiggins, G.B., and Richardson, J.S., 1986,
Ravision of the Onocosmoecus unicolor
group (Trichoptera: Limnephilidae,
Dicosmoecinae): Psyche, v. 93, p. 187
217.

Wiggins, G.B., and Richardson, J.S., 1989,
Biosystematics of Eocosmoegcus, a new
Nearctic caddisfly genus (Trichoptera:
Limnephilidae: Dicosmoecinae). Journal
of the North American Benthological

- Society, v. 8, p. 355-369.

Wiggins, G.B., 1996, Larvae of the North
American caddisfly genera (Trichoptera)
(2™ ed): Toronto, Ontario, University of
Toronto Press, 457 p.

Wojtowicz, J.A., 1982, A review of the adults
and larvae of the genus Pycnopsyche
{Trichoptera: Limnsephilidaa) with revision
of the Pycnopsyche scabripennis
{Rambur) and Pycnopsyche lepida
{Hagen) complexes:; Knoxville,
Tennessee, unpublished Ph.D.
dissertation, University of Tennesses,
292 p.

Wold, J.L., 1974, Systemnatics of the genus
Rhyacophila (Trichoptera:
Rhyacophilidae) in western North
America with special reference {o the
immature stages: Corvallis, Oregon,
unpublished M.S. thesis, Oregon State
University, 229 p.

Yamamoto, Toshio, and Wiggins, G.B.,
1964, A comparative study of the North
Amerlcan species in the caddisfly genus
Mystacides (Trichoptera: Leptoceridae):
Canadian Journal of Zoology, v. 42, p.
1105-1126.

insecta: Coleoptera

Anderson, R.D., 1871, A revision of the
Nsarctic representatives of Hygrofus
(Coleoptera: Dytiscidae): Annals of the

. _Entomological Society of America,-v. 64, -

p. 503-5612.

Anderson, R.D., 1976, A revision of the
Nearctic species of Hygrotus groups II
and lll (Coleoptera: Dytiscidae): Annals
of the Entomological Society of America,
v. 69, p. 577-584.

Andersen, R.D., 1983, Revision of the
Nearctic species of Hygrotus groups 1V,
V, and V! (Coleoptera: Dytiscidae):
Annals of the Entomological Society of
America, v, 76, p. 173-196.

Archangeisky, Miguel, 1997, Studies on the
hiology, ecology and systematics of the
immature stages of New World
Hydrophiloidea {Coleoptera:
Staphyliniformia): Bulletin of the Ohio
Biological Survey New Series, v. 12, no.

. 1,207 p.

Barr, C.B., and Chapin, J.B., 1988, The
aguatic Dryopoidea of Louisiana
(Coleoptera: Psephenidae, Dryopidae,
Elmidae): Tulane Studies in Zoology and
Botany, v. 26, p. 89—164,

Brown, H.P., and Murvosh, C.M., 1974, A
revision of the genus Psephenus (water
penny beetles) of the United States and
Canada (Coleoptera, Dryopoidea,
Psephenidae): Transactions of the
American Entomological Society, v. 100,
p. 289-340,

APPENDIXES 43



Brown, H.P., and White, D.5., 1978, Notes
on separation and idenfification of North
American riffle beetles {Coleoptera:
Dryopoidea: Elmidae): Entomclogical
News, v, 89, p. 1-13.

Brown, H.P., 1972, Aquatic dryopoid beetles
{Coleoptera) of the United States:
Washingten, D.C., U.S. Environmental
Protection Agency, Water Pollution
Control Research Series, Biota of
Freshwater Ecosystems Identification
Manual, no. 6., 82 p.

Brown, H.P., 1972, Synopsis of the genus
Heferfimnius Sharp in the United States
with descriptions of a new species from
Arizona (Coleoptera: Dryopoidea:
Elmidae); Entomological News, v. 83, p.
229-238.

___ Brown, H.P., 1983, A catalogofthe  _.

Coleoptera of America North of Mexico-—
Family Dryopidae: U.S. Department of
Agriculture Handbook, no. 529-49, 8 p.

Brown, H.P., 1983, A catalog of the
Coleoptera of America North of Mexico—
Family Elmidae: U.S. Department of
Agriculture Handbook, no. 529-80, 23 p.

Brown, H.P., 1883, A catalog of the
Coleoptera of America North of Mexico—
Fariily Psephenidae: U.S. Department of
Agriculture Handbook, no. 529-41, 8 p.

Chapman, E.G., 1998, Aguatic beetles
(Insecta; Coleoptera) of northeastern
Ohio (Maliplidae, Dytiscidae, Noteridae,

Gyrinidae, Hydrophilidae, Psephenidae,

Dryopidae, Elmidae, Ptilodaciylidae):
Ohio Biological Survey Miscellaneous:
Contribution, no. 4, 117 p.

Edwards, J.G., 1950, Amphizoidae
{Coleoptera) of the world: Wasmann
Journal of Biology, v. 8, p. 303-332.

Epler, J.H., 19986, Identification manual for
the water beetles of Florida (Coleoptera:
Dryopidae, Dytiscidae, Eimidae,
Gyrinidae, Haliplidae, Hydraenidae,
Hydrophilidae, Noteridae, Psephenidae,
Ptilodactylidae, Scirtidae). Tallahassee,

- Florida, State of Florida, Department of
Envircnmental Protection, 259 p.

Gordon, R.D. and Post, R.L., 1965, North
Dakota water beetles: North Dakota
State University, Agricultural Experiment
Station, Department Publication no. 5, p.
1-53.

Hatch, M.H., 1853, The beetles of the
Pacific Northwest—Part |—Introduction
and Adephaga: University of Washington
Publications in Biology, v. 16, 340 p.

Hatch, M.H., 1865, The beetles of the
Pacific Northwest—Part [V—
Macrodactyles, Palpicornes, and
Heteromera: University of Washington
Publications in Biclogy, v. 16, 268 p.

Hilsenhoff, W.L., and Schmude, K.L., 1992,
Riffle beetles of Wisconsin-{Coleoptera:
Dryopidae, Elmidae, Lutrochidae, .
Psephenidae) with notes on distribution,

.. —habitat, and identification: Great-l-akes- - - — —- — — -

Entomologist, v. 25, p. 191-213.

Hilsenhoff, W.L., 1973, Notes on Dubiraphia
{Cuoleoplera: Elmidae) with descriptions
of five new species: Annals of the
Entomological Society of America, v. 66,
p. 55-61.

Hilsenhoff, W L., 1980, Copfotomus
(Coleoptera: Dytiscidae) in eastern North
America with descriptions of two new
species: Transactions of the American
Entomological Society, v. 105, p. 461-
471, '

Hiisenhoff, W.L., 1990, Gyrinidae of
Wisconsin, with a key to adults of both
sexes and notes on distribution and
habitat: Great Lakes Entomologist, v. 23,
p. 77-91. ' '

Hilsenhoff, W.L., 1992, Dytiscidae and
Noteridae of Wisconsin (Coleoptera}—
I—Introduction, key to genera of aduits,
and distribution, habitat, life cycle, and
identification of species of Agabetinae,
Laccophilinae and Noteridae: Great
Lakes Entomologist, v. 25, p. 57-69.

Hilsenhoff, W.L., 1993, Dytiscidae and
Noteridae of Wisconsin (Coleoptera)—
[I—Distribution, habitat, life cycle, and
identification of species of Dytiscinae:
Great Lakes Entomologist, v. 26, p. 35—
53.

44  PROCESSING MACROINVERTEBRATE SAMPLES



Hilsenhoff, W.L., 1993, Dytiscidae and
Noteridae of Wisconsin {Coleoptera)—
Hi—Distribution, habitat, life cycle, and
identification of species of Colymbetinae,
except Agabini: Great Lakes
Entomologist, v. 26, p. 121-1386.

Hilsenhoff, W.L., 1993, Dytiscidae and
Noteridae of Wisconsin (Coleoptera)—
IV—Distribution, habitat, life cycle, and
idenfification of species of Agabini
(Colymbetinae): Great Lakes
Entomologist, v. 26, p.173-197.

Hilsenhoff, W.L., 1994, Dytiscidae and
Noteridae of Wisconsin {Coleoptera)—
V—Distribution, habitat, Ii{e cycle, and
identification of species of Hydroporinae,
except Hydroporus Clairville sensu fato:
Great Lakes Entomologist, v. 26, p. 275—
295,

“Hilsenhoff, W.L., 1995, Dyfiscidae and =

Noteridae of Wisconsin {Coleoptera)—
VI—Distribution, habitat, life cycle, and
identification of species of Hydroporus
Clairville sensu lafo (Hydroporinae):
Great Lakes Entomologist, v. 28, p. 1—
23.

Hilsenhoff, W.L., 1995, Aquatic
Hydrophlilidae and Hydraenidae of
Wisconsin (Coleoptera)—l—Introduction,
key to genera of adults, and distribution,
habitat, life cycle, and identification of
species of Helophorus Fabricius,
Hydrochus Leach, and Berosus Leach
{Hydrophilidae), and Hydraenidae: Great
Lakes Entomologist, v. 28, p. 25-53.

Hilsenhoff, W.L.,.1885c, Aquatic *
Hydrophilidae and Hydraenidae of
Wisconsin (Coleoptera)—{l—Distribution,
habitat, life cycle and identification of
species of Hydrobiini and Hydrophilini
(Hydrophilidae: Hydrophilinae): Great
Lakes Entomologist, v. 28, p. 97—126.

Larson, D.J., 1987, Revison of North
American species of llybius Ericson
{Coleoptera: Dytiscidae}, with systematic
notes on Palaearctic species: Journal of
the New York Entomological Soc;ety, .
95, p. 341-413. —-

Larson, D.J., 1889, Revisicn of North
American Agabus Leach (Coleoptera:
Dytiscidas)—Introduction, key to species
groups, and classification of the
ambiguus-, tristis-, and arcticus-groups:
Canadian Entomologist, v. 121 p. 861-
919,

Larson, D.J., 1991, Revision of North
American Agabus Leach (Coleoptera:
Dyfisicidag)— The elongatus-,
zetterstedti-, and confinis-groups:
Canadian Enfomologist, v. 123 p. 1239-
1317.

Larson, D.J., 1998, Revision of North
-American Agabus Leach (Coleoptera:
Dytiscidae)—The epacus-group:
Canadian Entomologist, v. 128, p. 613—
665.

~Larson, D.J., 1997, Revision of North... .. . .

American Agabus Leach-(Coleoptera:
Dytiscidas)—The serigtus-group:
Canadian Entomologist, v. 129, p. 105~
149.

Larson, D.J., and Roughley, R.E., 1990, A
review of the species of Liodessus
Guignot of North America North of
Mexico with the description of a new
species (Coleoptera: Dytiscidae): Journal
of the New York Entomological Society,
v. 98, p. 233-245.

Matta, J.F., and Wolfe, G.W., 1981, A
revision of the subgenus Heferosternuta
Strand of Hydroporus Clairville
(Coleoptera: Dytiscidae). Pan-Pacific
Entomologist, v. 57, p. 176-218.

Oygur, Sule, and Woife, G.W., 1891,

Classification, distribution and phylogeny-

of North American (North of Mexico)
species of Gyrinus Miller {Coleoptera:
Gyrinidae): Builetin American of the
Museum of Natural History, no. 207, 97
p. '

Roughley, R.E., and Pengelly, D.H., 1981,
Classification, phylogeny and
zoogeography of Hydaticus Leach
(Coleoptera: Dytiscidae) of North
America: Quaestiones Entomologicas, v.
17, p. 249-309.

APPENDIXES 45



J Schmude, K. L., 1992, Revision of the riffle
beetle genus Sfenelmis (Coleoptera:
Elmidae) in North America with notes on
bionomics: Madison, Wisconsin,
unpublished Ph.D. dissertation,
University of Wisconsin-Madison, 388 p.

Shepard, W.8., and Barr, C.B,, 1991,
Description of the larva of Afractelmis
(Coleoptera: Elmidae), and new
information on the morphology
distribution and habitat of Afractelmis
wawona Chandler: Pan-Pacific
Entomologist, v. 67, p. 195-199.

Smetana, Aleg, 1988, Raview of the family
Hydrophilidae of Canada and Alaska
{Coleoptera). Memoirs of the
Entormological Society of Canada, v. 142,
p. 1-316.

Smetana, Ale§, 1980, Revision of the genus

~ T T T " Hydrochara Berth. (Coleoptera:
Hydrophilidae): Memoirs of the
Entomological Society of Canada, v. 111,
p. 1-~100.

Stribling, J.B., 1986, Revision of
Anchytarsus {Coleoptera Dryopoidea)
and a key to the New World genera of
Ptilodactylidae: Annals of the
Entomological Society of America, v. 79,
p. 219-234, '

Wallis, J.B., 1933, Revision of the North
American species (north of Mexico), of
the genus Haliplus Latreille: Transactions
of the Royal Canadian Institute, v. 19, p.
1-76.

White, D.S., 1978, A revision of the Nearctic

Optioservus (Coleoptera: Elmidae), with -

descriptions of new species: Systematic
- Entornology, v. 3, p. 58~-74.

Wolfe, W.G., and Matta, J.F., 1981, Notes
on nomenclature and classification of
Hydroporus subgenera with the
description of 2 new genus of
Hydroporini (Coleoptera: Dytiscidae):
Pan-Pacific Entomologist, v. 57, p. 149~
175.

Young, F.N., 1963, The Nearctic species of
Copelatus Erichson: Quarterly Journal of
the Florida Academy of Science v. 286, p.
56-77.

Young, F.N., 1979, A key to the Nearctic
species of Celina with descriptions of
new species (Coleoptera; Dytiscidae):
Journal of the Kansas Entomological
Society, v. 52, p. 820-830,

Young, F.N., 1979, Water beetles of the
genus Suphiselfus Crotch in the
Americas north of Colombia (Coleoptera
Noteridae): Southwestern Naturalist, v.
24, p. 409-4209,

Young, F.N., 1985, A key to the American
species of Hydrocanthus with
descriptions of new taxa (Coleoptera:
Noteridae): Proceedings of the Academy
of Natural Sciences of Philadelphia, v.
137, p. 90-98.

Young, F.N., 1890, A review of classification
of the water beetles of the New World

genus Bidessonotus Regimbart S

{Coleoptera: Dytiscidae: Hydroporinae:
Bidessini); Quaestiones Entomclogicae,
v. 26, p. 355-381.

Zimmerman, J.R., 1970, A taxonomic
revision of the aquatic beetle genus
Laccophilus (Dyfiscidae) of North
America: Memoirs of the American
Entomolegical Saciety, v. 26, p. 1-275.

Zimmerman, J.R., 1981, A Revision of the
Colymbetes of North America
{Dytiscidae): The Coleopterists Bulletin,
v. 35, p. 1-52.

Zimmerman, J.R., 1982, The Deronectes
(Coleoptera: Dytiscidae) of the
southwestern U.8.A, Mexico, and
Guatemala: The Coleopterists Bulletin, v.
36, p. 412-438.

Zimmerman, J.R., 1985, A revision of the
" genus Oreodytes in North America
(Coleoptera: Dytiscidae): Proceedings of
the Academy of Natural Sciences of
Philadelphia, v. 137, p. 99-127.

Zimmerman, J.R., and Smith, R.L., 1975,
The genus Rhantus (Coleoptera:
Dytiscidae) in North America—Part f—
General account of the species:
Transactions of the American
Entormological Society, v. 101, p. 33—
123,

46 PROCESSING MACROINVERTEBRATE SAMPLES



Insecta: Diptera (excluding
Chironomidae)

McAlpine, J.F., Peterson, B.V., Shewell,
G.E., Teskey, H.J., Vockeroih, J.R. and
Wood, D.M., coords:, 1981, Manual of
Nearctic Diptera—v. 1: Research Branch
of Agriculture Canada Monograph, no.
27, p. 1-674.

McAlpine, J.F., Peterson, B.V., Shewell,
G.E., Teskey, H.J., Vockeroth, J.R. and
Wood, D.M., coords., 1987, Manual of
Nearctic Diptera—v. 2: Research Branch
of Agriculture Canada Monograph, no.
28, p. 675-1332.

McAlpine, J.F., Peterson, and Wood, D.M.,
coords., 1989, Manual of Nearctic
Diptera—v. 3: Research Branch of
Agriculture Canada Monograph, no. 32,
p. 1333-1581.

Peterson B.V., and Kondratieff, B.C., 1994,
The black flles {Diptera: Slmuludae) of
Colorado—An annotated list with keys,
illustrations and descriptions of three new
species: Memoirs of the American
Entornological Society, no. 42, 121 p.

Stone, Alan, Sabrosky, C.W., Wirth, W.W,,
Foote, R.H., and Coulson, J.R., 1983, A
catalog of the Diptera of America north of
Mexico: Washington, D.C., Smithsonian
Institution Press, 1696 p.

Webb, D.W., 1977, The Nearctic Athericidae
(Insecta: Diptera): Journal of the Kansas
Entomological Society, v. 50, p. 473—
495,

Diptera: Chironomidae

Bode, R.W., 1983, Larvae of North
American Eukisfferielfa and Tvefenia
(Diptera: Chironomidae): Bulletin of the
New York State Museum, no. 452, 40 p.

Boesel, M.W,, 1974, Observations on the
Coelotanypodini of the northeastern
states, with keys to the known stages
(Diptera: Chironomidae: Tanypodinas):
Journal of the Kansas Entomological
Society, v. 47, p. 417-432.

Boesel, M.W., 1983, A review of the genus
Cricotopus in Ohio, with a key to adults
of species in the northeastern United
States (Diptera: Chironornidag): Ohio
Journal of Science, v. 83, p. 74-90.

Boesel, M.W., and Winner, R.W., 1980,
Corynoneurinae of Northeastern United
States, with a key fo aduits and
observations on their occurrence in Ohio
(Diptera: Chironomidae): Journal of the
Kansas Entomological Society, v. 53, P
501-508.

Caldwell, B.A., Hudson, P.L, Lenat, D.R.,
and Smith, D.R., 1997, A revised
- annofated checklist of the Chironomidae
(Insecta: Diptera) of the southeastern
United States: Transactions of the
Americah Entomological Society, v. 123,
p. 1-53.

Doughman, J.S., 1983, A guide to the larvae
of the Nearchc Diamesinae (Diptera:
Chironomidae}—The ganera
Borecheptogyia, Protanypus, Diamesa,
and Pseudokiefferiella: .S, Geological

survey, Water-Resources Investigations
Report, 83—40086, 58 p.

Epler, J.H., 1988, Biosystematics of the
genus Dicrofendipes Kieffer, 1913
(Diptera: Chironomidae: Chironominae)
of the world: Memoirs of the American
Entomological Society, v. 36, p. 1-214.

Epler, J.H., 1995, Identification manual for
the larval Chircnomidae (Diptera) of
Florida: Tallahassee, Florida, State of
Florida, Department of Environmental
Protection, 316 p.

Grodhaus, Gail, 1987, Endochironmus
Kieffer, Tribelos Townes,
Synendotendipes, n. gen., and
Endotribelos, n. gen. (Diptera:
Chironomidae) of the Nearctic.region:
Journal of the Kahsas Entomological
Society, v. B0, p. 167-247.

Jackson, G.A,, 1977, Nearctic and
Palaearctic Paracladopelma Harnisch
and Saetheria n. genus (Diptera;
Chironomidae): Journal of the Fisheries
Research Board of Canada, v. 34, p.
1321-1359.

Oliver, D.R., Dillon, M.E., and Cranston,
P.S., 1990, A catalog of Nearctic
Chironomidae: Ottawa, Quebec,
Research Branch Agricultural
Publication, no. 1857/B, 89 p.

APPENDIXES 47



N

QOliver, D.R., and Dillon, M.E., 1994,
Corrections and additions o "A
Catalogue of Nearctic Chironomidag":
Proceedings of the Entcemological
Society of Washington, v. 98, p. 8-10.

Oliver, D.R., and Roussel, M.E., 1983, The
genera of larval midges of Canada
(Diptera: Chironomidae}—Part [I—The
insects and arachcnids of Canada:
Oltlawa, Biosystematics Research
Institute, no. 1746, p. 1-263.

Roback, 5.8., 1976, The immature
chironomids of the eastern United
States—I—Introduction and
Tanypodinae-Coslotanypodini:
Proceedings of the Academy of Natural
Sciences of Philadelphia, v. 127, p. 147
201. .

Roback, S.8., 1977, The immature

chironamids of the eastern United
States—||—Tanypodinae-Tanypodini:
Proceedings of the Academy of Natural
Sciences of Phitadelphia, v. 128, p. 55—
87.

Raback, 8.8., 1978, The immature
chironomids of the eastern United
States—IIl—Tanypodinas-Anatopyniini,
Macropelopiint and Natarsiini:
Proceedings of the Academy of Natural
Sciences of Philadelphia, v. 129, p. 151~
202.

Roback, S.5., 1980, The immature
chironomids of the eastern United
States—IV——Tanypodinae-Procladiini:
Proceedings of the Academy of Natural

Sciences of Philadelphia, v. 132, p. 1-63.

Roback, 8.5., 1981, The immature
chironomids of the eastern United
States—V-—Pentaneurini-
Thienemannimyia group: Proceedings of
the Academy of Natural Sciences of
Philadelphia, v. 133, p. 73-128.

Roback, 8.5., 1985, The immature
chironomids of the eastern United
States—V|—Pentaneurini-Genus
Ablabesmyia: Proceedings of the
Academy of Natural Sciences of
Philadelphia, v. 137, p. 153-212,

Roback, $.5., 1986, The immature
chironemids of the eastern United
States—Vil-Pentaneurini-Genus
Monopelopia, with redescription of the
male adults and description of some
Neotropical material: Proceedings of the
Academy of Natural Sciences of
Philadelphia, v. 138, p. 350-365.

Roback, S.5., 1986, The immature
chironomids of the eastern United
States—Vill—Pentaneurini-Genus
Nifotanypus, with the description of a
new species from Kansas: Proceedings
of the Academy of Natural Sciences of
Philadelphia, v. 139, p. 443—465.

Roback, 8.5., 1987, The immature
chironomids of the eastern United
States—X—Pentaneurini-Genus
Labrundinia with the description of some

- — —new Neotropical material:-Proceedings of

the Academy of Natural Sciences of
Philadelphia, v. 138, p. 159-209.

Saether, O.A., 1975, Nearctic and
Palaearctic Heterotfrissocladius (Diptera:
Chironomidae): Bulletin of the Fisheries
Research Board of Canada, v. 193, p. 1—-
67.

Saether, OQ.A., 1976, Revision of
Hydrobaenus, Trissocladius, Zalutschia,
Paratrissocladius, and some related
genera {Diptera: Chironomlidae); Bulletin
of the Fisheries Research Board of
Canada, v. 195, p. 1-287.

Saether, O.A., 1977, Taxcnomic studies on
Chironomidae—~Nanociadius,
Pseudochironomus and the Hamischia
complex: Bulletin of the Fisheries
Research Board of Canada, v. 196, p. 1-
143.

Saether, O.A., 1980, Glossary of chironomid
morphology terminology (Diptera:
Chironomidae); Entomologica
Scandinanvica Supplement, v. 14, p. 1—
51.

Sasther, O.A,, 1982, Orthocladiinae
(Diptera: Chironomidae) from the SE
U.S.A., with descriptions of Plhudsonia,
Unniella, and Platysmittia n. generaand
Afelopodella n. subgenus: Entomologica
Scandinavica Supplement, v. 13, p. 465—
510.

48 PROCESSING MACROINVERTEBRATE SAMPLES



——-

Simpson, K.W., 1982, A guide to the basic
taxonomic literature for the genera of
North American Chironomidae
(Diptera)-Adults, pupae, and larvae:
New York State Museum Bullefin, no.
447, 43 p.

Simpson, K.W., Bode, R.W., and Albu,
Paula, 1983, Keys for the genus
Cricotopus adapted from "Revision der
Gattung Cricotopus van der Wulp und
ihrer Verwandten (Diptera,
Chironomidae)" by M. Hirvenoja: Bufletin
of the New York State Museum, no. 450,
133 p.

Soponis, A.R., 1977, A revision of the
Nearctic species of Orthocladius
(Orthocladius) van der Wulp (Diptera:
Chironomidae): Memoirs of the
Entomological Society of Canada, v. 102

S _.._..___p__1 187- S e

Wiederholm, Torgny, ed., 1983,
Chironomidae of the Holarctic region—
Keys and diagnoses, part 1, larvae:
Entomologica Scandinavica Supplement
no. 19, 457 p.

Wiederholm, Torgny, ed., 1988,
Chironomidae of the Holarciic region—
Keys and diagnoses, part 2, pupae:

Entomologica Scandinavica Supplement,

no. 28, 482 p.

Wiederholm, Torgny, ed., 1989,
Chironomidae of the Holarctic region—
Keys and diagnoses, part 3, adults:

Entomologica Scandinavica Supplement,

no. 34, 532 p.

APPENDIXES 49





