
drift nets. In Standard Guide for Collection, Storage, Characteriza-
tion, and Manipulation of Sediments for Toxicological Testing and
Selection of Samplers Used to Collect Benthic Invertebrates, 2010
Annual Book of Standards, Vol. 11.06: Biological Effects and
Environmental Fate; Biotechnology. [Annex A1 in ASTM
E1391-03 (Reapproved 2008)]. American Soc. Testing & Materials,
W. Conshohocken, Pa.

AMERICAN SOCIETY for TESTING and MATERIALS. 2010. ASTM E 1468-92:
Standard practice for collecting benthic macroinvertebrates with basket
sampler. In Standard Guide for Collection, Storage, Characterization,
and Manipulation of Sediments for Toxicological Testing and Selec-
tion of Samplers Used to Collect Benthic Invertebrates, 2010 Annual

Book of Standards, Vol. 11.06: Biological Effects and Environmental
Fate; Biotechnology. [Annex A1 in ASTM E1391-03 (Reapproved
2008)]. American Soc. Testing & Materials, W. Conshohocken, Pa.

AMERICAN SOCIETY for TESTING and MATERIALS. 2010. ASTM E 1469-92:
Standard practice for collecting benthic macroinvertebrates with
multiplate sampler. In Standard Guide for Collection, Storage,
Characterization, and Manipulation of Sediments for Toxicological
Testing and Selection of Samplers Used to Collect Benthic Inver-
tebrates, 2010 Annual Book of Standards, Vol. 11.06: Biological
Effects and Environmental Fate; Biotechnology. [Annex A1 in
ASTM E1391-03 (Reapproved 2008)]. American Soc. Testing &
Materials, W. Conshohocken, Pa.

10500 C. Sample Processing and Analysis

1. Sample Processing

After collecting a benthic sample, pour the slurry gradually
into a sieve bucket. Gently wash slurry over screen to prevent
damaging or losing specimens. Slurries that clog the screen
require removal of screened material. A series of one or two
coarser screens (e.g., 1-cm and 0.5-cm mesh) will hold back
larger materials (e.g., leaves, sticks, shells, and gravel) while
permitting organisms and smaller materials to pass through to
the bottom sieve. Carefully check rocks, sticks, shells, and other
objects for attached or burrowed organisms before discarding. A
soft-bristled toothbrush may be used to remove attached inver-
tebrates from rocks, sticks, and similar objects.

Wash residual material on the screen into a container. A
cheesecloth bag is useful because it does not restrict the quantity
of wash water. Label containers with a collection code but do not
affix labels to lids. Similar labels can be written with pencil or
indelible ink on high-rag-content paper and placed in the con-
tainer. Record label code on a field sheet that describes location,
date, type of sample, collector’s name, and other pertinent in-
formation.

Use laboratory elutriation devices,1,2 as appropriate, to reduce
time required to sort benthic organisms from samples containing
large amounts of silt, mud, or clay. Wash screened material into
a container and fix the contents in a solution of 10% buffered
formalin or 70% ethanol.3–6 If ethanol is used, do not fill more
than one-half the container with screened material. Preserve and
store animals with calcareous shells or exoskeletons (mussels,
snails, crayfish, and ostracods) in 70% ethanol.6,7

Some macroinvertebrates (soft-bodied animals) are identified
more easily if they are relaxed to prevent constriction during
preservation. Common relaxants include carbonated water (soda
water) or carbon dioxide added to water. Other relaxants include
aqueous solutions of 70% ethyl alcohol, 2% nicotine sulfate,
propylene phenoxetol, or 5 to 10% solutions of either chlorotone,
chloral hydrate, or magnesium sulfate added gradually to water
containing the soft-bodied animals until the degree of relaxation
sought is reached. Narcotize organisms before fixing them. Ide-
ally, fix annelid specimens (oligochaetes) in 5 to 10% buffered
formalin before preserving them in 70 to 80% ethanol (NOTE:
Alcohol is not a satisfactory tissue fixative). Fixation stabilizes

tissue proteins to retain characteristics of the soft body (e.g.,
segmented worms) form.8,9

For qualitative samples, place rocks, sticks, and other objects
in a white pan partially filled with water. Many animals will float
free from these objects and can be removed with forceps.

Assign identification numbers either in the field or at the
laboratory and transcribe information from the labels to a per-
manent ledger. The ledger provides a convenient reference in
identifying the number of samples collected at various places,
time of sampling, and water characteristics.

Preserve and store in 70% ethanol organisms taken in the field
or from artificial substrates and sieved with a U.S. Standard
No. 30 sieve. For special studies and to retain anatomical form
and structures, fix soft-bodied organisms first with 5 to 10%
buffered formalin. (CAUTION: For health and safety reasons,
always take care when using 5 to 10% buffered formalin, or
avoid using it to fix or preserve organisms in the field or in
the laboratory. Never discard fixatives or preservatives into
the environment.)

2. Sorting and Identification

Whether organisms are sorted in the field or the laboratory,
follow consistent procedures. Before processing a sample, trans-
fer information from the label to a data sheet that provides space
for scientific names and number of individuals. Place sample
directly in a shallow white tray with water for sorting. To
facilitate sorting organisms from detritus, the organisms may be
stained with rose bengal (200 mg/L or enough to achieve a light
pink color) in the formalin or ethanol preservative for at least
24 h.10 (NOTE: Excessive staining may prevent specific identifi-
cation of some specimens.) Examine entire sample and separate
organisms unless they occur in very large numbers. If a sub-
sample is sorted, take care that rare forms are not excluded. As
organisms are picked from the sample, sort under a scanning lens
or stereoscopic microscope, separate them into different taxo-
nomic categories, identify to the lowest taxonomic level to meet
data quality objectives, and record on the data sheet. Place
animals in separate vials according to category and fill vials with
70% ethanol. Inside vials, place labels containing sample track-
ing number, date collected, sampling location, and names of
organisms.
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Identify animals in each vial using stereoscopic and compound
microscopes (whichever is needed) and available experience and
resources. Identify organisms to species level if possible. Addi-
tional sources of information on laboratory techniques are avail-
able, as well as identification guides and taxonomic keys of
macroinvertebrates (see 10500C.4 and Section 10900).
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10500 D. Data Evaluation, Presentation, and Conclusions

There are two basic approaches to evaluating pollution’s ef-
fects on aquatic life. One approach is to make a qualitative
inventory of benthic fauna “above (upstream) and below (down-
stream)” or “before and after” the suspected or known polluted
areas, thereby determining species’ presence or absence. Then,
via an understanding of various species’ responses to certain
pollutants and habitat degradation, determine the significance of
damage or change. The other approach is to make a quantitative
analysis of the numbers of individuals, species, and structure
(abundance and composition) of the aquatic community affected
by pollution, and then compare that data with reference infor-
mation. The two approaches are integrated in most pollution
surveys because each provides valuable interpretative informa-
tion.

1. Qualitative Data Evaluation

No two aquatic organisms react identically to a pollutant
because of complex relationships between genetic factors and
environmental conditions. However, certain taxa are relatively
sensitive to certain types of pollution (e.g., siltation and turbid-
ity, organic enrichment, acidity, heavy metals and other indus-
trial toxic wastes, oil production, agricultural products, radioac-
tive wastes, and thermal effects). For example, operculate snails,
immature stages of certain mayflies, stoneflies, caddisflies, riffle
beetles, hellgrammites, many marine amphipods, mysids, bi-
valve larvae, and echinoderms are sensitive to many pollutants.
Pollution-tolerant macroinvertebrates (e.g., certain sludge
worms, midge larvae, leeches, pulmonate snails, and some
polychaetes) usually multiply under organically enriched condi-
tions. Facultative organisms (those that tolerate moderate pollu-
tion) include most snails, sowbugs, scuds, and blackfly larvae.
Tolerant organisms may be found in either clean or polluted
situations, so their presence is not definitive. However, a popu-
lation of tolerant organisms combined with an absence of intol-
erant ones is a good indication that pollution is present. The same
species may well react differently or be present in different
numbers in different geographical areas and throughout the year.

2. Quantitative Data Evaluation

Statistical data-evaluation methods and mathematical descrip-
tions of community structure are valuable tools in data analysis.
Analyzing biological data commonly begins with the calculation
of descriptive statistics (mean, standard deviation, standard error,
and confidence intervals). Analysis proceeds by applying robust
statistical methods of comparison (Chi-square, Student’s t, re-
gression, correlation, analyses of variance, or nonparametric
equivalents).1,2

Mathematical expressions (e.g., numerical indices of commu-
nity structure) are useful in characterizing and describing aquatic
communities. These expressions usually are based on the struc-
tural and functional stability of the system.2

Diversity indices, although limited, condense considerable
biological data into single numerical values.2–9 Unfortunately,
useful information may be lost by condensing biological data.3,10

Select methods for analyzing multivariate benthic community
data using two important criteria: the methods should test spe-
cific effect-related hypotheses suggested by the data quality
objectives and study design, and the methods should objectively
identify relationships among variables. Use methods that make
a priori assumptions about relationships among variables only
secondarily for presentations, not for primary analysis.

More powerful multivariate statistical analyses generally are
less subject to criticism and may be more appropriate for some
bioassessment studies.1,10 Recommended data analyses ap-
proaches are regression of species (or taxa) richness on abun-
dance, analysis of variance (ANOVA) followed by linear orthog-
onal contrasts,11 various other multivariate approaches (e.g.,
cluster techniques and ordination, analyzing principal compo-
nents, ANOVA, discriminate analyses), and macroinvertebrate
community metrics2,12 for assessing biomonitoring data and
water quality.

When statistically evaluating data collected in pollution sur-
veys, it always is beneficial to identify the sources of variability
commonly found. Variability in macroinvertebrate data comes
from sampling methods and organism distribution. Perhaps the
major source is sampling error. Organisms generally are clus-
tered in relation to habitat distribution; therefore, random sam-
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