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10500 B. Sample Collection

1. General Considerations

Before conducting a benthic survey, determine specific data
quality objectives and clearly define the information sought.
Data quality objectives are qualitative and quantitative state-
ments developed to specify the quality of data needed to support
specific decisions and conclusions about the information sought.
Discussion with water chemists, hydrologists, limnologists, and
individuals from other disciplines will be helpful. Ultimately, the
choice of methodology will depend on whether the habitat to be
studied is a stream, lake, reservoir, or marine area. For example,
investigators only need a few sampling stations upstream and
downstream of a discharge to determine whether the macroin-
vertebrate community downstream is damaged. However, if the
objective is to delimit the extent of damage from a discharge or
series of discharges, they will need reference stations upstream
of, downstream of, and bracketing all discharges. In marine
waters, they may need to sample a nearby estuary. In open ocean
waters, they may need to sample some distance from the dis-
charge point.

Characterize the physicochemical properties of faunal sam-
pling-station substrate and overlying water. Measure such prop-
erties as sediment size class distribution (sand, silt, and clay);
organic content and toxic pollutant concentrations; temperature,
salinity, hardness, alkalinity, DO, total organic carbon (TOC),
ammonia, sulfides, and nutrient (total and dissolved) concentra-
tions; biochemical oxygen demand; water depth; and velocity of
flowing streams.

After gaining a thorough understanding of the water body’s
characteristics, select specific areas to be sampled. There is no
predetermined number of sampling stations that will be appro-
priate for all situations. No water quality survey is routine, nor
can one be conducted totally on a “cookbook” basis. However, if

investigators adhere to the following basic rules, they can design
a sound survey.

a. Always establish a reference station(s) outside the influ-
ence of all wastewater discharges of concern (but in the same
water body). Because most surveys are made to determine the
damage that pollution causes aquatic life, this will be the basis
for comparing biota in polluted and unpolluted areas. Preferably
establish at least two reference stations: one far from the effluent
discharge and the other near the discharge, but not subject to its
influence. (For example, if the discharge were in a river, one
station would be far upstream of the discharge and the other
would be immediately downstream.) Whenever feasible, use
reference stations with physicochemical characteristics similar to
the receiving area’s substrate and overlying water.

b. Locate a station immediately downstream of each dis-
charge or in the affected area in its immediate vicinity, as
appropriate.

c. If the discharge does not mix completely on entering the
body of water, but instead channels along one side or disperses
in a specific direction, then locate stations in the left-bank
(looking upstream), midchannel, and right-bank sections of the
stream; in concentric arcs in lakes and oceanic waters; or in any
other configuration that will meet study objectives.

d. Establish stations at various distances downstream from the
last discharge of concern to determine the linear extent of dam-
age. In a marine environment, a nearby estuary may be sampled;
in open ocean waters, samples may be taken in a nearby area
with comparable currents, depth, sediment characteristics, and
salinity.

e. To permit comparison of macroinvertebrate communities,
be sure that all sampling stations are ecologically similar. For
example, select stations with similar bottom substrate (e.g., sand,
gravel, rock, mud, organic content), depth, presence of riffles and
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pools, stream width, gradient, flow velocity, bank or shore cover,
salinity, hardness, TOC, nutrient and DO concentrations, and
wave exposure.

f. Collect samples for physical, toxicological (if applicable),
and chemical analyses as close to biological sampling stations as
possible to ensure correlation of findings; take such samples at
the same time and from the same grab when possible. Collect
substrate samples for physicochemical analyses from the upper
few centimeters, where most organisms live.

g. Locate macroinvertebrate sampling stations in the best
physical habitat [areas not influenced by atypical conditions
(bridges, dams, etc.)].

h. Discharges in coastal areas may be subject to various
degrees of salt water intrusion (salt water wedge). Macroinver-
tebrate populations may change drastically in such areas; docu-
ment and/or allow for this effect.

i. When sampling in small, wadeable, first- to third-order
streams, begin at the station farthest downstream and proceed
upstream to minimize disruptions induced by the sampling itself.
This is unnecessary for non-wadeable streams and rivers.

For a long-term biological monitoring program, consider col-
lecting macroinvertebrates at each station at least once during
each of the annual seasons, though this may not always be
necessary and would depend on the study design.1 More frequent
sampling may be necessary if effluents’ characteristics change or
spills occur. Make allowance for collections at night where
“drift” or night feeding organisms are of special concern. In
general, the most critical period for macroinvertebrates in
streams is during periods of high temperature and low flow,
whereas in estuarine and marine environments it is the period of
maximum stratification and poor vertical mixing. If available
time and funds limit sampling frequency, make at least one
survey during the critical time.

2. Sampling Design

Some terms have multiple meanings. In biology, for example,
a population is a group of individuals that are all members of the
same species or taxonomic group. In statistics, a population is
the entire set of values for the characteristic of interest in a whole
sampling universe. For example, researchers interested in deter-
mining the mean density of worms on a lake bottom might take
ten grabs from lake sediments. The number of worms in each
grab would be an observation, the density of worms would be the
characteristic of interest, and the contents of each grab would be
an experimental unit or sampling unit. The entire lake bottom
would be the sampling universe and enough grabs to equate with
the area of the entire lake bottom would be the population (of
units).

Similarly, the term sample has two often contradictory uses. In
typical studies, observations usually are not made of all possible
sampling units; instead, observations are only made of a small
fraction of the total. Statistically, this set of observations is called
a sample. In the example given above, the ten grabs collectively
would be a sample. However, in everyday language (and as used
in this book and most scientific publications), a sample is a
portion of the real world that has been selected for measurement
(e.g., a water sample, plankton haul, or bottom grab). Therefore,
in the example above, each individual grab would be a sample
(i.e., “ten samples were taken”).

Collecting a representative statistical sample is difficult be-
cause of variation in successive scientific samples. Without
knowing the sampling variability, investigators cannot know the
degree to which the data truly represent the population. Make
replicate observations of a population if definitive statistical
inferences about the population will be made.2–11

Standardize sampling design to consider the following re-
quirements:

a. Approximate the set of all samples that can be selected
(i.e., separate the sampling universe into all possible samples).
For example, if the location (site) containing the population has
an area of 1000 m2 and the sampling device samples an area of
1 m2, then 1000 samples could be collected in the sampling
universe.

b. Assign each sample an equal probability of being selected.
Using the situation above, divide the area to be sampled into
1000 discrete units.

c. Use a table of random numbers to select sites for sampling
(i.e., sample randomly, not haphazardly).

d. The sampling design outlined above is known as simple
random sampling. When using this design, it is often advanta-
geous to determine the number of samples necessary for a certain
level of precision:

N � � t � s

D � x̄�
2

where:

N � number of samples,
t � tabulated t value at 0.05 level with the degrees of

freedom of preliminary survey (generally t � 2.0 at
larger sampling sizes),

s � sampling standard deviation of samples, known from a
preliminary survey,

D � required level of precision expressed as a decimal (0.30
to 0.35 usually yields a statistically reliable estimate),
and

x̄ � sample mean density of preliminary survey.

To estimate the number of samples needed, analysts first need
specific information (the mean and standard deviation) about the
population to be sampled. Because this information is unknown
(because sampling has yet to occur), estimate the population’s
mean and standard deviation by one of three ways: conduct a
pilot study, use results from an earlier or similar study, or make
educated estimates.3,12 For example, if investigators want to
determine the mean chironomid density in relatively homoge-
neous lake sediments during summer, and they know that six
grabs taken the previous summer produced a mean density of
4230 chironomids/m2 and a standard deviation of 1628 chirono-
mids/m2, then they can use these data to estimate their study’s
mean chironomid density [�30%, with a 5% probability of error
(� � 0.05)]. Using the formula given above,

N � �2.5706 � 1628

0.30 � 4230 � 2

(t � 2.5706 at a 5% probability of error and 5 degrees of
freedom)
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N � 10.88 � 11

Thus, it is estimated that 11 grabs will be necessary.
e. A simple random sampling design is useful when sampling

relatively homogeneous areas. However, most taxa are not dis-
tributed uniformly over water bottoms. Different habitats (sand,
mud, gravel, or organic material) support different densities and
species of organisms. In which case, a stratified random design
is more useful.

In a stratified random sampling design, a heterogeneous uni-
verse (different bottom substrates, current velocities, depths,
temperatures, etc.) is divided into more homogeneous strata.
Once the strata are defined, use simple random sampling within
each stratum. Stratified random sampling has two important
advantages: it provides data on various subsets of a population
(e.g., density of benthic invertebrates in each sediment type), and
it reduces variability because it deals with more homogeneous
subpopulations, allowing for more accurate and precise popula-
tion estimates.

The data needed to divide the population into various strata
usually is acquired via pre-study reconnaissance (a pilot study).
A systematic sampling design often is used in such pilot studies.
In a systematic-transect design, investigators conduct sampling
at equal intervals along a number of transects in a habitat to
identify and locate existent strata.3,12

f. In descriptive studies, investigators should take at least
three replicate sampling units per station.3,13 If statistical testing
is planned, more replicates probably will be needed.

g. Standardize data acquisition and recording when practical.
Use metric units.

3. Sampling Devices, Quantitative

Quantitative and qualitative samplers have been designed to
collect organisms from the bottom of different water bodies. The
most common quantitative sampling devices are the Petersen,
Ponar®,* and Ekman grabs and the Surber or square-foot stream
bottom sampler, all described below.

a. Grab samplers:

Before using each grab sampler, calibrate it for actual surface
area sampled.

1) The Petersen grab (Figure 10500:1) is used for sampling
hard bottoms (e.g., sand, gravel, marl, and clay) in swift currents
and deep water.3 It is an iron, clam-type grab manufactured in
various sizes that will sample an area between 0.06 and 0.09 m2.
It weighs approximately 13.7 kg, but may weigh as much as
31.8 kg when auxiliary weights are bolted to its sides. The extra
weights make the grab stable in swift currents and provide more
cutting force in fibrous or firm bottom materials. Modify the
sampler by adding end plates, by cutting large strips out of the
top of each side, and by adding a hinged 30-mesh screen (as in
the Ponar grab).14

To use the Petersen grab, set the hinged jaws and lower to the
bottom slowly to avoid disturbing lighter bottom materials. Ease
rope tension to release the catch. As the grab is raised, the lever
system closes the jaws.

2) The Ponar grab (Figure 10500:2) is used increasingly in
medium to deep rivers, lakes, reservoirs, and estuaries.15 It is
similar to the Petersen grab in size, weight, lever system, and
sample compartment, but has side plates and a screen on top of
the sample compartment to prevent sample loss during closure.
With one set of weights, the standard 23- � 23-cm sampler
weighs 20 kg. A 15- � 15-cm petite Ponar may be used. The
large surface disturbance associated with a Ponar grab can be
reduced by installing hinged (rather than fixed) screen tops,
thereby reducing the pressure wave associated with the sam-
pler’s descent. This sampler is best used for mud, sand, gravel,
or small rocks with mud, but it can be used in all substrates
except bedrock.

3) The Van Veen grab (Figure 10500:3) is used to sample in
open marine waters and in large lakes. The sampler’s long arms
tend to act as stabilizers without disturbing water at the water–
substrate interface. It is basically an improved version of the
Petersen grab for mud, gravel, pebble, and sand substrates. The
sampler is heavy; lower it from a boat or ship platform via
mechanical or hydraulic lifts.

4) The Smith-McIntyre grab (Figure 10500:4) has the heavy
steel construction of the Petersen, but its jaws are closed by
strong coil springs.16 Its chief advantages are stability and easier
control in rough water. Its bulk and heavy weight require oper-
ation from a large boat equipped with a winch. The 45.4-kg grab
can sample an area of 0.2 m2,17–19 but smaller models (0.1 m2 or
0.05 to 0.06 m2) are available.

* Registered trademark of Morris & Lee, Inc. d/b/a Wildlife Supply Co., Buffalo,
NY.

Figure 10500:1. Petersen grab.

Figure 10500:2. Ponar® grab.
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5) The Shipek®† grab (Figure 10500:5) is designed to take a
sample from virtually any substrate; samples have a surface area
of 0.04 m2 and are approximately 10 cm deep at the center.3

The sample compartment is composed of two concentric half
cylinders. When the grab touches bottom, inertia from a self-
contained weight releases a catch and helical springs rotate the
inner half cylinder by 180°. The sample bucket may be disen-
gaged from the upper semi-cylinder by releasing two retaining
latches. This grab is for special use in marine waters and large
inland bodies of water (e.g., in compact substrates).

6) The Ekman grab (Figure 10500:6) is only useful for sam-
pling mud, silt, muck, and sludge in water with little current.3 It
is difficult to use in areas with rocky or sandy bottoms or
moderate macrophyte growth because small pebbles or grit or
macrophyte stems prevent proper jaw closure. The grab weighs
approximately 3.2 kg. The box-like part holding the sample has
spring-operated jaws on the bottom, which must be cocked
manually (exercise caution when cocking and handling the grab
because of possible injuries if jaws are tripped accidentally). At
the top of the grab are two hinged overlapping lids that are
partially held open during descent by water passing through the
sample compartment. These lids are held shut by water pressure
when the sampler is being retrieved. The grab is made in three
sizes—15 � 15 cm, 23 � 23 cm, and 30 � 30 cm—but the
smallest size is usually adequate. A taller model of this sampler

(23 cm or 30.5 cm tall) is available. To prevent sample overflow
and loss, place a Standard U.S. No. 30 sieve insert in the top of
any Ekman grab sampler for deep sediments.

b. Riffle/run samplers:
1) Surber-type samplers (Figure 10500:7)20 consist of two

brass frames—each 30.5 cm (1 ft) square—hinged together
along one edge. When in use, the two frames are locked at right
angles, one frame marking off the area of substrate to be sam-
pled, and the other supporting a net to collect organisms washed
into it from the sample area.

† Registered trademark of Morris & Lee, Inc. d/b/a Wildlife Supply Co., Buffalo,
NY.

Figure 10500:3. Van Veen grab.

Figure 10500:4. Smith-McIntyre grab.

Figure 10500:5. Shipek grab.

Figure 10500:6. Ekman grab.
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The net usually is 69 cm long, and its first few centimeters and
its wings are constructed of heavier material (canvas, taffeta) to
increase durability. The rest of the net is a standard 30 mesh size
(595 to 600 �m). While a finer mesh might collect more of the
smaller invertebrates and young instars, it also will clog more
easily and resist the current more, possibly resulting in a loss of
organisms due to backwashing. This sampler is specific for
macrobenthos; many microcomponents of the benthos are not
collected.

Use this sampler in shallow, flowing water (no more than
30 cm deep). In deeper water, some organisms may flow over the
top of the sampler. Position sampler securely on the stream
bottom parallel to water flow, with the net portion downstream.
Take care not to disturb the substrate upstream of sampler. Leave
no gaps under the edges of the frame that would allow water to
wash under the net. Fill any gaps along the back edge of the
sampler by carefully shifting rocks and gravel along the outside
edge. When sampler is in place (it may be necessary to hold it in
place with one hand in a strong current), carefully turn over and
lightly hand-rub all rocks and large stones inside the frame to
dislodge organisms clinging to them. Examine each stone for
organisms, larval or pupal cases, etc., that may be clinging to it
before discarding. Scrape attached algae, insect cases, etc., from
the stones into the sampler net. Stir remaining gravel and sand
with hands or a stick to a depth of 5 to 10 cm (depending on
substrate) to dislodge bottom-dwelling organisms. It may be
necessary to hand-pick some mussels and snails that the current
does not carry into the net.

Remove sample by inverting net into sample container. Care-
fully examine net for small organisms clinging to it. Remove
these—preferably with forceps to avoid damage—and include in
sample. Rinse sampler net after each use.

A common problem when using the Surber sampler is that
organisms wash under the bottom edge of the sampler. The
following modifications have been suggested for different sub-
strates:

• For loose gravel—Extend bottom edge of Surber frame to 5
or more cm so frame can be inserted deeper into substrate. This
method works well in soft substrates (e.g., sand and gravel),
where the current causes substrate shifting.

• For coarse gravel and rock—Add serrated extension to the
back edge of frame to secure it and reduce washing from under
this edge. This method is helpful in hard gravel and rock sub-
strates, where sinking the entire frame is impossible.

• For gravel and bedrock—Add a 5-cm band of flexible ma-
terial to the bottom edge of sampler to create a seal in rocky,
uneven substrates. Make band of foam rubber or fine-textured

synthetic sponge. Remove organisms that stick to foam and
include in sample.

2) Hess-type samplers are cylindrical with enclosed sides and
an open top. They function much like Surber-type samplers.3

c. Core or cylindrical samplers: Use core or cylindrical sam-
plers to sample sediments in depth. Efficient use as surface
samplers requires dense animal populations. Core samplers vary
from hand-pushed tubes to explosive-driven and automatic-
surfacing models.3,21

1) The Phleger corer (Figure 10500:8) is widely used and
operates via gravity.3 Styles and weights vary among manufac-
turers; some use interchangeable weights that allow variations
between 7.7 and 35.0 kg, while others use fixed weights weigh-
ing 41.0 kg or more. Core length will vary with substrate texture.

2) The KB®‡ core sampler (Figure 10500:9), or a modification
known as the Kajak–Brinkhurst corer, may be useful in obtaining
estimates of the standing stock of benthic macroinvertebrates
inhabiting soft sediments.22

3) Box core samplers23–27 are used to sample soft substrate in
large rivers, lakes, and estuaries. They are available in several
sizes, can sample a variety of sediments, and are used in marine
waters and in the Great Lakes3,28 to collect benthic macrofauna.
The sampler may be deployed from ships or platforms, but
diver-collected cores are preferred.

‡ Registered trademark of Morris & Lee, Inc. d/b/a Wildlife Supply Co., Buffalo,
NY.

Figure 10500:7. Surber or square-foot sampler.

Figure 10500:8. Phleger core sampler.
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The KC Box Corer frame is made of 60 � 60 � 6 mm,
sandblasted, hot galvanized stainless steel square tubes.27 The 30
� 20 cm or 32 � 32 cm sampler tube is made of 3-mm
electropolished stainless steel. The sampling surface area is
either 600 or 100 cm2, and it samples a depth of 20 to 40 cm.

Preferably use a box coring device with a rectangular corer
whose cutting arm can seal the sample before retracting from the
bottom. To sample enough individuals and taxa, and integrate
the patchy distribution of benthic fauna, use a sampler with a
surface area of at least 100 cm2 and a sediment depth of at least
20 cm. A box corer that can sample deeper sediment may be
needed to collect deep-burrowing infauna. For sandy sediments,
it may be necessary to substitute a grab sampler to adequately
penetrate sediment and collect samples. Visually inspect each
sample to ensure that an undisturbed, adequate amount of sample
is collected.

4) The Wilding or stovepipe sampler (Figure 10500:10)29–30 is
made in various sizes and with many modifications.3 The Wild-
ing sampler is made from any tubular material (e.g., 60- to 75-cm
sections of 30-cm-diam stovepipe30 or 75-cm sections of 30-cm-
diam aluminum irrigation pipe fitted with handles). The Maine
Department of Environmental Pollution uses a 5-gal bucket with
the bottom removed.

The sampler is pressed into the substrate and its contents are
agitated. It is especially useful for quantitatively sampling a
bottom with dense, vascular plant growth. It may be used to
sample vegetation, mud–water interface sediment, or most shal-
low stream substrates. However, large volumes of vegetation,
when sampled in this way, may require a great deal of time for
laboratory processing.

d. Drift samplers: Drift samplers, usually in the form of nets
(Figure 10500:11), are anchored in flowing water to capture
macroinvertebrates that have migrated or been dislodged from
the bottom substrates into the current. Drift organisms are im-
portant to the stream ecosystem because they are prey for fish
and should be considered in the study of fish populations. Drift
organisms respond to pollutional stresses (e.g., spills) by in-
creased drift from an affected area so drift is important in
water-quality investigations, especially of spills of toxic materi-
als. Drift also is a factor in recolonizing denuded areas and
contributes to recovery of disturbed streams.

Use nets with a 929-cm2 upstream opening and mesh equiv-
alent to U.S. Standard No. 30 screen (595-�m pore size). After
placing the net in the water, frequently remove organisms and
debris to prevent clogging and subsequent diversion of water at
the net opening. Use replicate samples, as appropriate, to meet
study objectives. Set drift-net samples for any specified time
(usually 1 to 3 h) but use the same time for each station.
Sampling between dusk and 1 a.m. is optimal.

The total quantity (numbers or biomass) of organisms drifting
past a given station is the best measure of drift intensity. Report
data in terms of numbers or biomass/m3.31–33

4. Sampling Devices, Qualitative

When sampling qualitatively, search for organisms in as many
habitats as possible.34 Collect samples by any method that will
capture representative species.

Figure 10500:9. KB corer.

Figure 10500:10. Wilding or stovepipe sampler.

Figure 10500:11. Drift net sampler.
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a. Dip, kick nets are the most versatile collection devices for
shallow, flowing water and for lake shorelines. When combined
with a standardized kicking technique,35 these nets are appropri-
ate for quantitatively sampling macroinvertebrates.36

b. Tow nets, dredges, or trawls range from simple sled-
mounted nets to complicated devices with teeth that dig into the
bottom. Some models feature special apparatus to hold the net
open during towing and to close it during descent and retrieval.
Available styles have been discussed elsewhere.21,37,38

5. Sampling Devices, Artificial Substrate Samplers

Artificial substrate samplers are devices of standard compo-
sition and configuration placed in water for a predetermined
exposure period to be colonized by macroinvertebrate commu-
nities. Because many of the physical variables encountered in
bottom sampling are minimized (e.g., depth, light penetration,
temperature differences, and species substrate preferences), ar-
tificial substrate sampling complements other types of sampling.
Like natural submerged substrates (e.g., logs and pilings), arti-
ficial substrates are colonized primarily by immature aquatic
insects, crustaceans, coelenterates, bryozoans, and to some ex-
tent worms, gastropods, and mollusks. In lotic systems, the
organisms that colonize artificial substrates are primarily drift
organisms (e.g., immature insects and eggs) carried by water
currents. Placement conditions should be similar so the numbers
and kinds of organisms reflect the capacity to support aquatic
life.

Position artificial substrates in the euphotic zone (0.3 m) for
maximum abundance and diversity of macroinvertebrates.13 Op-
timum time for substrate colonization is 6 weeks in most waters.
For uniformity of depth, suspend sampler from floats on a
3.2-mm steel cable. If vandalism is a problem, use subsurface
floats or place sampler near the bottom. Regardless of installa-
tion technique, use uniform procedures.

At shallow water stations (less than 1.2 m deep), install
samplers so they are midway in the water column at low flow.
For samplers installed in July, when water depth is about 1.2 m
and the August average low flow is 0.6 m, install 0.3 m above the
bottom. Take care not to let samplers touch the bottom or they
may become covered with silt, thereby increasing the sampling
error. In shallow streams with sheet rock bottoms, secure artifi-
cial substrates to 0.95-cm steel rods driven into the substrate or
secure to rods mounted on low, flat, rectangular blocks.

Before removing samples from water, it may be necessary to
enclose them in an oversized plastic bag (double wrapping) that
is tightly sealed to prevent possible organism loss or else remove
them via a large dip net (mesh equivalent to a U.S. Standard
No. 30 sieve). Disassemble sampler and brush it in a pan of water
in the field or add preservative to the bag containing the intact
sampler, and disassemble and brush it later in the laboratory.

Although many styles of artificial substrate samplers have
been tested,39 the basket sampler13 and the Fullner40 modifica-
tion of the Hester–Dendy41 multiplate sampler are widely used.

a. Multiple-plate (modified Hester–Dendy) sampler (Figure
10500:12) is constructed of 0.3-cm-thick tempered hardboard
with 7.5-cm round plates and 2.5-cm round spacers with center-
drilled holes. The plates are separated by spacers on a 0.63-cm-
diam eyebolt, held in place by a nut at the top and bottom. In
each sampler, 14 large plates and 24 spacers are used. Separate

the top 9 plates by one spacer. Separate Plate 10 by two spacers,
Plates 11 and 12 by three spacers, and Plates 13 and 14 by four
spacers. The sampler is approximately 14 cm long and 7.5 cm in
diameter, has an exposed surface area of approximately 1300 cm2,
and weighs about 0.45 kg. Do not reuse samplers exposed to oils
and chemicals that may inhibit colonization. Because it is cylin-
drical, the sampler fits inside a wide-mouth container for ship-
ping and storage. The sampler is inexpensive, compact, and
lightweight.13,40,41

Another type of modified Hester–Dendy, multiple-plate arti-
ficial substrate sampler is constructed of 0.3-cm tempered hard-
board cut into 7.6-cm square plates and 2.5-cm square spacers.34

Eight plates and twelve spacers are used for each sampler. The
plates and spacers are placed on a 1/4-in. (0.64-cm) eyebolt so
there are three single spaces, three double spaces, and one triple
space between plates. The sampler’s total surface area, excluding
the eyebolt, is 939 cm2 (0.9 m2). Generally, five samplers are
used and placed in streams tied to a concrete construction block
as anchor. This prevents samplers from coming into contact with
natural substrates.

b. The basket sampler13 (Figure 10500:13) is a cylindrical
“barbecue” basket 28 cm long and 17.8 cm in diameter, filled
with approximately thirty 5.1-cm-diam rocks or rocklike mate-
rial weighing 7.7 kg. A hinged side door allows access to the
contents. The sampler provides an estimated 0.24 m2 of surface
area for colonization. The factors governing proper installation

Figure 10500:12. Hester–Dendy artificial substrate unit.
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and collection are the same as those described for the multiplate
sampler. Some investigators prefer using the basket because
natural substrate materials are used for colonization.

c. Marsh net sampler (Figure 10500:14) is used for sampling
macroinvertebrates in estuarine and marine environments.42 It
can be used in different habitats (e.g., marsh, beach, tidal creek,
and tidal flat) of estuarine and marine intertidal zones to depths
of 3 m. The metal frame is constructed of No. 22 galvanized
sheet metal and 1/4-in. (6-mm) welding rods. A 0.5-m plankton
net of nylon monofilament screen is laced to the posterior end of
the frame. The net has a bayonet-type cod end for easy removal.
The mesh size of the plankton net and cod end is about 1 mm
(bar measure). The frame and net weigh 5 kg. The collecting
procedures are the same in all intertidal zone habitats. The net is
placed at one end of the sampling area, and 30 m of rope is paid
out in an arc to prevent the operator from disturbing the sampling
site. The net is then retrieved by hand at a rate of about 0.3 m/s.
Advantages are that the sampling distance does not have to be
measured before taking the sample, the net can be towed at a
constant speed, and samples also can be taken over soft mud
bottoms.42

6. Suction Samplers

Suction samplers are widely used to collect benthic macroin-
vertebrate samples.43,44 These samplers can be placed directly on

specific sampling sites, but a SCUBA diver is required to collect
samples.45 More accurately located sampling sites and the ability
to collect a large number of replicate samples may outweigh the
disadvantage of using a diver. Suction samplers have been used
widely in sampling marine environments, but they have obvious
depth limitations.
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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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