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Section 9

Benthic

Macroinvertebrates

Donad J. Klemm?, JamesM. Lazorchak®, and David V. Peck?

Benthic mecroinvertebratesinhabit the sedi-
ment or live on the bottom substrates of lakes,
greams andrivers Themecroinvertebrateassem-
blagesinriversreflect theoverdl biologicd integ-
rity of thebenthic community suchthat monitoring
these assemblagesisuseful inassessng thesatus
of thewater body and monitoring trends. Benthic
communitiesrespond differently toawidearray of
sressors. Asaresult of this, itisoften possibleto
determine the type of stressthat has affected a
benthic macroinvertebrate community (Plafkinet
d., 1989; Klemmetd., 1990; Barbour et d., 1999
). Becausemany macroinvertdoraeshaverdaivey
long lifecydesof ayear or moreand arerdatively
immobile, macroinvertebrate community sructure
isafunction of pagt environmentd conditions.

EMAP scientistsare currently evaluating
two different approachesto devel oping ecol ogi-
cal indicatorsbased on benthicinvertebrate as-

1U.S. EPA, National Exposure Research Laboratory, Eco-
logical Exposure Research Division, Ecosystems Research
Branch, 26 W. Martin Luther King Dr., Cincinnati, OH
45268.

2U.S. EPA, National Health and Environmental Effects Re-
search Laboratory, Western Ecology Division, Regiona Ecol-
ogy Branch, Corvallis, OR 97333.

semblages. Thefirstisamultimetric approach,
where different structural and functional at-
tributes of the assemblage are characterized as
"metrics'. Individua metricsthat respond to dif-
ferent typesof stressorsare scored against ex-
pectations under conditions of minima human
disturbance. Theindividual metric scoresare
then summed into an overall index vauethat is
used tojudgetheoverdl levd of impairment of
an individual stream reach. Examples of
multimetricindicesbased on benthicinvertebrate
assemblagesinclude Keransand Karr (1994),
Foreetd. (1996), Barbour et al. (1995; 1996),
and Karr and Chu (1999).

The second approach being investigated
isto develop indicators of condition based on
multivariate andys sof benthic assemblagesand
associated abiotic variables. Examplesof this
type of approach asapplied to benthicinverte-
brate assemblagesinclude RIVPACS (Wright
1995), and BEAST (Reynoldson et a., 1995).
Rosenberg and Resh (1993) present various
approaches to biological monitoring using
benthicinvertebrates, and Norris(1995) briefly
summarizes and discusses gpproachesto ana-
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lyzing benthic macroinvertebrate community
data

Field proceduresfor collecting and pro-
ng benthic invertebrate samplesfrom non-
wadeable streamsare presented in Section 9.1.
These procedures are based upon draft proce-
duresdeve opedfor theMid-Atlantic Integrated
Assessment (MAIA) study conducted in the
eastern U.S. Section 9.2 containsan equipment
and supply checklist for benthic invertebrate

sampling.
9.1 Sampling Procedures

for Non-wadeable Streams

Thelength of river reach established for
larger non-wadesble streamsand riversismuch
larger than for wadeabl e streams, making avi-

1.5 m long, 2-piece detachable handle —

Mesh = 585/800 um

Sewed End

sual estimate of the number of riffle and pool
macrohabitat unitsimpossible. Inaddition, mid
channd depthsof larger streamsand riverswill
makeit impractical to collect kick net samples
from mid-river habitats. In non-wadeable
sreamsandrivers, samplesarecollected at each
of eleven transectsestablished for physical habi-
tat characterization. At each transect, two kick
net samples are obtained from shalow area (<
1m) near thebank of theriver. Kick net samples
collected from each transect are composited into
asinglesamplefor theriver; samplescollected
from different macrohabitat types are not
composited separately. A kick net modified for
use by one personisshownin Figure 9-1. In
additiontothemesh szeusedinthetwoEMAP
studies other mesh sizes such as 250 - 800 m
can be used depending upon the objectives of

//“ 30 em

L&

Canvas Baottom Panel

Figure 9-1. Modified kick net. (Not drawn to scale.).
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theprogram and potentia for clogging. For deep
riversthat are extremely difficult or hazardous
to obtain benthic samples with akick net, a
ponar or core grab sample could be used in-
stead.

Inaddition, two daytime drift net samples
are collected from as near to the downstream
end of thedefined reach asispracticd. Thedrift
net assemblies are positioned when the crew
drops off avehicle at the take-out point, and
areretrieved when the crew reachesthe sam-
pling point inthe boat.

9.1.1 Sample
Collection Using Kick
Nets

9.1.1.1 Selection of
Sampling Points

Samplesarecollected from non-wadeable
streams during a downstream traverse of the
samplereach. At each transect location, locate
asuitable sampling point on the same side of
theriver asfish sampling isconducted (Section
10). L ocate the sampling point in an areaaway
fromtheriver margin, but & adepth lessthan or
equal to1m.

9.1.1.2 Sample Collection

At each sampling point, obtain TWO kick
net samplesusing the procedures presentedin
Table9-1 (if thesampling pointislocated ina
riffle or glide macrohabitat) or Table9-2 (if the
sampling point islocated inapool macrohabitat).
If thereisinsufficient flow to sample atransect
with themodified kick net following this proto-
col, spend about 60 seconds hand picking a
samplefrom approximatdy 0.25 n* of substrate
at the station and combineit with samplesfrom
other transectsinthebucket. If thereistoolittle
water to collect the sample with the kick net,

randomly pick up 10 rocks, and pick and wash
the organismsoff of theminto thebucket. Keep
anoteof thisonthefield sheetsandinall data-
bases generated from siteswhere morethan one
transect hasto be sampled in thismanner. Re-
sultsmay show abiasdueto thelarger organ-
ismspicked inthisapproach.

9.1.2 Sample
Processing: Kick Net
Samples

After dl transects have been sampled, the
composite sampleisprocessed asdescribed in
Table 9-3. Samplelabelsto put on and in the
jar areshown in Figures 9-2 and 9.5, respec-
tively, and the sample collection formisshown
in Figure 9-4. Ensurethe sampleispreserved
and that thejar iscompletely sealed. Placethe
sealed samplejar upright in acooler or plastic
bucket for trangport. Blank labelsfor useinsde
of samplejarsarepresentedin Figure 9-5. These
can be copied onto waterproof paper.

9.1.3 Description of
Drift Nets and Habitat

Sampled

Drift netsare stationary netsdesigned to
sample organismsfrom flowing waterssuch as
streamsand rivers. Thedrift net sampler isde-
signed to obtain qualitative and quantitative
samplesof macroinvertebrateswhich either ac-
tively or passively enter thewater column from
all typesof substratesin flowing water with a
velocity of not lessthan 0.05 m/s. They can be
used to capture organismsat and below the sur-
face of the water. Drift nets can be used indi-
vidudly or in groupswith nets strung out side
by sdeor arranged vertically.



Table9-1. CollectingKick Net SamplesFrom Non-wadeable Streams: Riffle/Run Macrohabitats.

1 Attachthefour foot handleto the kick net. Care should be exercised to be surethe handleison tight or
the net might become twisted in strong current or while dragging it through the water causing theloss
of part of the sample.

2. Position the sampler quickly and securely on the river bottom with the net opening upstream so asto
eliminate gaps under the frame. Reposition the sampling point to avoid large rocks that prevent the
sampler from seating properly.

3 Thesampling area(or quadrate) has awidth and length equal to the width of the net frame (0.5 m) or a
total area=0.25m 2.

4. Holdthesamplerin position on the substrate and check the quadrat directly infront of the net for heavy
organisms, such as mussels and snails. Place these organismsinto the net.

5 Continueto hold the sampler securely while vigorously kicking the substrate within the quadrat for 20
seconds (use stopwatch).

6. After 20 seconds, hold the net in place with the knees. Pick up any looserocksin the quadrat and scrub
off organismsinfront of thenet. Place any additional musselsand snailsfoundinthe quadrat inthenet.

7. Removethenet fromthewater with aquick upstream motion to wash the organismsto the bottom of the
net. Immersethe net several timesto removefine sediments and to concentrate organismsat the end of
thenet. Avoid having any water or additional material enter the mouth of the net during thisoperation.

8 Transfer the contents of the net into aplastic bucket half filled with water by inverting the net into the
bucket.

9 Inspect the net for clinging organisms. Use forceps and remove any organisms found and place them
into the bucket.

10. Carefully inspect large objects (rocks, sticks, leaves, etc.) in the bucket. Wash off any organisms, then
discard the abjects. Remove as much detritus, sediment, and debris as possible without losing any
organisms.

11. SeeTable9.3for processing kick net samples.

Thedrift net consistsof abag of nylonor  m can be used depending upon the obj ectives
nylon monofilament frame. Thestandard drift ~ of the program and potential for clogging).
net isgpproximately 1 m (39.3") long and hasa
closed end. Thedrift net open endis30.48 cm
(12")x45.72cm (18"). Thenet frameismade
of stainless stedl rodsor PV C pipe. Theframe
of thedrift netisanchored into theriver bed by e )
apair of sted! rods, 15.46 cm (18") long or can bratesdrifti ngin thewate_r col umn of flowi ng
beattached to a"floating dift assembly” device  Sireamsandrivers. Sampling efficiency of this
(Figure9-3), Wildlife Supply Co., 1099-2000,  98& Isafunction of current velocity and sam-
Driftnet framescanalso befitted anteriorly with  P1ing period. Datacollected can be usedto es
amouth reduci ng I’eCtangul a pl exi gl assendo- timatemacroinvertebratedrift dendtiesand rates

sure (Rutter and Ettinger, 1977: Wefring, 1976) (_i ndivi du_als per unit volume of water per unit
to increase filtration efficiency. For EMAP,  imepassingthroughthenet). However, thisre-

MAIA samplingiin Regions2, 3, and 4 rivers, a quiresan estimate of the volume of water pass-

drift net with 600 m mesh openings has been in_g through the%_\mpling nets. Thisisaccom-
used in conjunction with thefloating drift assem- plished by averaging repeated measures of the

) . water velocity at the mouth of the drift net and
bly device (other mesh sizesstich as250 - 800 recording thetotal timethedrift netissetinthe

Thedrift collection usually representsa
wide spectrum of the habitatsfoundin ariver.
Drift netsareeffectivefor the collection of emi-
grating and dislodged benthic macroin-verte-
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Table9-2. CollectingKick Net SamplesFrom Non-wadeable Stream: Pool\Glide M acrohabitats.

1 Attachthefour foot handleto the kick net. Care should be exercised to be sure the handleison tight or
the net might become twisted in strong current or while dragging it through the water causing the loss
of part of the sample.

2 Thesampling area(or quadrate) hasawidth and length equal tothe width of theframe (0.5 m) or atotal
area=0.25m2.

3 Inspect the river bottom within the quadrat for any heavy organisms, such as mussels and snails.
Remove and place these organismsinto the net.

4. Disturb the substrate within the quadrat by kicking vigorously with the feet. Drag the net repeatedly
and continuously through the disturbed area just above the bottom whole continuing to kick for 20
seconds (use a stopwatch). Keep moving the net so that the organisms trapped in the net will not

e.

5 Removethenet from the water with aquick upstream motion to wash the organi smsto the bottom of the
net. Immersethe net several timesto removefine sediments and to concentrate organismsat the end of
thenet. Avoid having any water or additional material enter the mouth of the net during thisoperation.

6. Holdthe net so that the mouth is out of the water and the net is partially submerged. Pick up any loose
rocks in the quadrat and rub or brush any organisms found on them into the net. Also recheck the
quadrat for any additional snails or clamsand place them in the net.

7. Transfer the contents of the net into abucket half filled with water by inverting the net into the bucket.

8 Inspect the net for clinging organisms. Useforceps and remove any organismsfound and placethemin
the bucket.

9 Carefully inspect large objects (rocks, sticks, leaves, etc.) in the bucket. Wash any organisms found
into the bucket, then discard the objects. Remove as much detritus, sediment, and debris as possible
without losing any organisms.

10. SeeTable9.3for processing kick net samples.

water column. Repeated measuresof thewater 9 1 31 Drift Net Sampling
velocity are most representative of the sample
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periodif they aretaken whenthe netsarefirst
set and just prior to removal of thenet fromthe
system.

Limitationsand hazards of daytimedrift net
samplingincude

* Unknown where organisms come
from; terrestrial speciesmay makeup
part of samplein summer and periods
of windandrain. Itisnot theideal time
of day for sampling drifting benthic
macroinvertebrates.

 Installing andretrieving driftsfrom
areasof swift current can behazardous.
Placing netsinhighly visbleareasmay
resultintampering or theft. Boatsand
skiersmay damagedrift net assemblies.

Procedur es

For EMAPR, MAIA pilot gudiesof Regions
2,3, and4rivers, ingal two drift netsat transect
K (See Table 9-4), one about 25 cm from the
bottom substrate and one about 10 cm below
the surfacein water not exceeding 3 min depth,
using cable and anchor attached to a"floating
drift assembly" device. Theinstallation proce-
durefor drift netsispresented in Table 9-4. In-
stall thenet in an areaof river that isreceiving
part of the main channel flow, but that can be
safely accessed by wading. A location that you
would consider to provide a representative
water chemistry sampleis probably also suit-
ablefor positioning adrift net. Do not use drift
netsif the current velocity at the sampling point
islessthan 0.05 m/s or more than same rate.
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Table9-3. Processing Kick Net Samples: Non-wadeabl e Streams.

1

Fill out asamplelabel for the composite samples. Attach thelabel toa500-mL (or 1-L) plasticjar. If the
samplecontainsalargevolumeof material, completeasamplelabel for additional containersand attach
them. Make sure the barcode numbers on each |abel areidentical.
Hand-pick large organisms from the bucket containing the composite sample and place them into the
appropriately labeledjar.
Hand-pick large rocks and sticks remaining in the bucket. Useasmall brush to scrub debrisfrom them
back into the bucket. Discard the rock or stick.
Empty the contentsof thebucket into asieve (600 m) mesh, andthentransfer intothelabeledjar. NOTE:
Donot fill thejar morethan%2full of material. If necessary, usealarger jar and/or distributethe sample
among two or morelabel edjars. Rinseresiduefromthebucket into thejar using awash bottleand asmall
volumeof water.
Add 95% ethanol to each labeled jar so that thefinal concentration of ethanol isat |east 70%. If thereis
asmall amount of water in the sample, it may not be necessary tofill thejar entirely full to reach a70%
concentration. It is very important that sufficient ethanol be used to reach a 70% concentration.
Otherwise, the organismswill not be properly preserved.
Placethewaterproof |abel with thefollowing informationinside eachjar:

* Stream Number « Dateof collection

 Type of sampler and mesh size used * Collectorsinitias

* Habitat type (riffle/run, pool/glide) » Number of transects composited

» Nameof stream
Rinse the bucket well to eliminate any residue.
Completethe Sample Collection Formand onthejars (1 of 2, 2 of 2, etc). Record the barcode number of
the composite sample, and the habitat type (shore). If more than one container was required for a
sample, record the number of containers on the collection form. Replace the lid on the jar. Seal the
container lid(s) with plastic or electrician'stape. Also note any peculiaritiesassociated with aparticular
sampl es by using aflag code and/or awritten comment on the collection form.

COMPOSITE BENTHOS
SITEID:ORRV _7 8- 99 9
DATE: _8/ 7ea

COMPOSITE BENTHOS
siTEiD:orrRv 98999

DATE: &/ Sjea

HABITAT:  Shore HARITAT: ﬁri1t

226001 22D

COMPOSITE BENTHOS
SITEID: ORRY 98- 999
DaTE: B/ Sies

HABITAT: Drit

BaRcODE: 2290

Figure 9-2. Completed labels for benthic macroinvertebrate samples. The bottom label is used if
more than one jar is required for a composite sample.
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Pentagonal Floating PVC Frame

Shallow Set

( |
L-Shaped
PVC Pipe
PWC Rod
(/_1/ <«— Flow

Met

Deep Set

Figure 9-3. Shallow and deep set drift net assemblies. (Not drawn to scale).

Measurethe current vel ocity at the entranceto
eachnet a thetimethenetisingaled and again
whenitisretrieved. Velocity isdetermined by
timing aneutraly buoyant object over aknown
distance or usng aflow meter.

9.1.3.2 Processng and

Preservation of Drift Samples

After retrieving the drift nets from the
stream or river, processthe sampleasdescribed
inTable9-5. Samplelabdsareshownin Figure
9-2, and thesamplecollectionformisshownin
Figure 9-4. Notethat the material from thetwo
nets is combined to yield a single composite
sample of drift for the stream or river. Blank

labdsfor useingdeof samplejarsare presented
in Figure 9-5. These can be copied onto water-

proof paper.

9.1.3.3 Maintenance of the
Drift Nets

After thedrift sample hasbeen processed
and preserved, thoroughly wash the drift nets
with water from the stream or river to remove
all debris, etc.

9.2 Equipment Checklist

A lig of dl equipment and suppliesrequired
to conduct benthicinvertebrate samplingispre-
sentedin Figure 9-6.



Reviewed by (initial) [

SAMPLE COLLECTION FORM - RIVERS

SITENAME: BEAVER RIVER DaTE: B 5 ree vism O @B 2 O
stEmd: ORRV 18- 999 teamoppx ® B @ @ B B O 4O

COMPOSITE BENTHDS SAMPLES

BANK SAMPLED (LOCHKING DOWNSTREAM]: HEFT Heant J— FT— F—
FAMFLED HABITAT [ FLAG
(BARCODE) [CIRCLE OINE) | OF JARS COMMENTS
243612 s w (@) 7 RIGHT BANK - SAMPLED 4
243611 ®mo| | NO SHORE fICK AT TRANSECTS
s M D AG,K => 700 DEEP
STATION [CIRGLE IF DOMNE) A ] C o E F G H I J
aEIEIRIEIEIRRRIEEE
MID-CHANMEL M M Tl ] ¥ [T 7] W 1] ]
TIME [24-HF CLOCK) VELOICITY
- TRANSECT FT/SEC)
nr\F;'FT START END ¥E XX

|®a Os Oc Oo O OF De Ov OO0 O | 0 : YO |G - 45 . 1 o

COMFOSITE FERIFHY TON SAMFLES

SAMPLE 1D (BARCODE) +| 249013 |DDHPDSI'E VOLUME oo mi +| 2z5
ASSEMBLAGE ID CHLOROPHYLL BICMASS APA SAMPLE
(&0-mL TUBE) (GF'F FILTER [TARED FILTER) [F0-mL TUBE)
SLB. SAMPLE VO WL FILTERED WOL FILTERED SUB. SAMPLE VOL.
¥ ml HHEE ML FILTER M¥CL W il e L
50 25 25 50
COMMENTS |

Fleg sodesr K = Goampie nol colledtad; U= Suspect sample; FI, FZ, e = miss fag assigned by Seld cres Expiain all fage in Comments eaciors

R, 052988 | rvpcmt. 58] SAMPLE COLLECTION FORM - RIVERS - 1

Figure 9-4. Sample Collection Form (page 1), showing information for benthic macroinvertebrate
samples.
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BENTHOSIDENTIFICATION

Site Number

Stream

Collection Date

Sampler

Habitat Type

Collector(s)

Number of Transects

BENTHOSIDENTIFICATION

Site Number

Stream

Collection Date

Sampler

Habitat Type

Collector(s)

Number of Transects

BENTHOSIDENTIFICATION

Site Number

Stream

Collection Date

Sampler

Habitat Type

Collector(s)

Number of Transects

BENTHOSIDENTIFICATION

Site Number

Stream

Collection Date

Sampler

Habitat Type

Collector(s)

Number of Transects

Figure 9-5.

Blank labels for benthic invertebrate samples.
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Table9-4. Collection Proceduresfor Drift Net Samples: Non-wadeabl e Streams.

NOTE: Do not usedrift netsfor large riverswith currents|essthan 0.05 my/s.

Installation and Retrieval of Drift Nets:

1

arhow DN

Ideally, the net should beinstalled at the downriver end of the designated sampling reach (transect K in
non-wadeabl e streams). |n practice, the net isinstalled at either the takeout point (1st choice) or put-in
point, whichever islocated closer to the designated sampling reach. Mark the nearest transect on the
Sample Collection Form and noteif the drift net location is outside of the designated sampling reachin
the Comments section of the collection form.

L ocatethedrift net assembly in an areareceiving themainflow of theriver (i.e., avoid backwaters, river
margins, eddies, etc.)

Anchor the net assembly using anchors and cables.

Recordthe START TIME of sampling on the Sample Collection Form.

Measurethe current velocity at the entrance of the net, using the neutrally buoyant obj ect technique (or
aflow meter) asfollows:

A. Measureout astraight segment of theriver reachjust upstream of thedrift netlocationinwhich
an object can float relatively freely and passes through within about 10 to 30 seconds.

B. Select anobject that isneutrally buoyant, likeasmall rubber ball or an orange; it must float, but
very low inthewater. The object should be small enough that it doesnot "run aground" or drag
bottom.

C. Timethe passage of the object through the defined river segment 3 times. Record the length of
the segment and each transit time in the Comments section of the Sample Collection Form.

The net assembly should be l€eft in the river for at least 3 hours or aslong as possible at the site. Upon
returntothenet | ocation after floating the designated sampling reach, retrieve the net assembly fromthe
water, taking care not to disturb the bottom upstream of the net.

Recordthe END TIME onthe Sample Collection Form.

Determine the current velocity again as described in Step 5 above. Record the three "fina" velocity
estimatesin the Comments section of the collection form. Cal culatetheaverage vel ocity fromtheinitial
and final values (6 measurements). Record the average velocity in the "Velocity" field of the Sample
Collection form. Exclude any gross outlier values from the computation of the average velocity.

Note in the comments section if the net is badly clogged, which may occur at locations with high
discharge and/or where the float time of the sampling reach islong.
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Table9-5. Proceduresfor Processing Drift Net Samples: Non-wadeable Streams.

1

S W

[

10.

Fill out asamplelabel for thecompositedrift sample. Attach thelabel toa500-mL or 1-L plasticjar. If the
samplecontainsalarge volumeof material, completeasamplelabel for additional containersand attach
it to asecond jar. Make sure the barcode numbers on each label agree.

Concentratethematerial ineach netin one corner by swishing up and downinthe stream or river. Wash
the material into a bucket half-filled with water. Use awash bottle and/or forceps to remove as much
material aspossiblefrom the net.

Repeat Step 1 for the second drift net. The contents of both nets are combined into a single bucket.
After the two net samples are combined into asingle bucket, pour the composite sampleinto asieving
bucket (595 micron mesh).

Hand-pick large organismsfrom the sieve bucket contai ning the composite sample and placetheminto
theappropriately labeledjar.

Hand-pick large rocks and sticks remaining in the bucket. Use asmall brush to scrub debrisfrom them
back into the bucket. Discard the rock or stick.

Lightly "tapping" the bottom of the sieve bucket on the surface of the stream or river helps to remove
finematerial. Remove as much material aspossible using the sieve bucket.

Empty the contents of the bucket into thelabeled jar. If necessary, distribute the sample among two or
more |labeled jars. Rinse residue from the bucket into the jar using awash bottle and a small volume of
water.

Add 95% ethanol to each labeled jar so that thefinal concentration of ethanol isat least 70%. If thereis
asmall amount of water in the sample, it may not be necessary tofill thejar entirely full to reach a70%
concentration. It is very important that sufficient ethanol be used to reach a 70% concentration.
Otherwise, theor ganismswill not beproperly preserved.

Placeawaterproof label withthefollowinginformationinsideeachjar:

* Stream Number  Dateof collection
 Type of sampler and mesh size used * Collectorsinitias
* Habitat type (drift net) » Number of transects composited

» Nameof stream

Rinse the bucket well to eliminate any residue.

Complete the Sampl e Collection Form. Record the barcode number of the composite sample, and the
habitat type (drift). If more than one container was reguired for a sample, record the number of
containerson the collection form and on thejars. Replacethelid onthejar, and seal the container lid(s)
with plastic or electrician's tape. Also note any peculiari ties associated with a particular samples by
using aflag code and/or awritten comment on the collection form.



Equipment and Suppliesfor Benthic Macroinvertebrates

Qty. Item

1 M odified kick net with 595 m mesh openingsand closed bag (Wildco #425-J50-595)

1 Handlefor Kick Net Sampler, four foot length

1 Floating drift net assembly (PV C frame, chains, snap-clips, and carabineers)

2 Drift nets, 595 m mesh, closed end

1 Sieve-bottomed bucket, 595- m mesh openings (optional)

2pr. Watchmakers forceps

1 Wash bottle, 1-L capacity

1 Small spatula, spoon, or scoop to transfer sample

1 Funnel, with large bore spout

12 Samplejars, plastic with screw caps, 500 mL and 1 L capacity, suitablefor usewith
ethanol

2 Buckets, plastic, eight to ten quart capacity

1gd 95% ethanol, in aproper contai ner

2pr. Rubber gloves, heavy rubber

1 Cooler (with suitable absorbent material) for transporting ethanol and samples

6 Samplelabels, pre-numbered barcoded, stick-on type

6 Samplelabels, blank, stick-ontype (for additional containers)

2 SampleCollection Formfor site

1 Field check list sheet
Soft (#2) lead pencils

1pkg. Clear waterproof tape strips

4rolls Plastic el ectrical tape

1 Knife, pocket, with at least two blades

1 Stopwatch

1 Pocket-sized field notebook (optional)

1pkg. Kimwipesinsmall self-sealing plastic bag

1 copy Field operations and methods manual

1set Laminated sheets of procedure tables and/or quick reference guides for benthic
macroinvertebrates

Figure 9-6. Equipment and supply checklist for benthic macroinvertebrates.

9.3 Literature Cited Books of ASTM Standards. Pesticides,
Resource Recovery; Hazardous Sub-

Allan JD. and E. Russek. 1985. The stances and Oil Spill Responses; Waste
quantification of streamdrift. CanJ. Fish. Disposal; Biological Effects. Vol.1104,
Aquat. Sci. 42(2)210-215. ASTM, 100 Barr Harbor Drive, West

ASTM. [996a. Standard practicefor collecting Conshohocken, PA. pp.83-91.

benthic macroinvertebrateswithdriftnets.  ASTM. 1996b. Standard guide for selecting
ASTM Designation: D 455~85. Annual stream-net sampling devicesfor collecting

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

benthic macroinverte-brates. ASTM Des-
ignation: D 4556-85. Annua Books of
ASTM Standards. Pesticides, Resource
Recovery; Hazardous Substancesand Oil
Spill Responses; Waste Disposal; Biologi-
cal Effects. Vol.1104, ASTM, 100 Barr
Harbor Drive, West Conshohocken, PA.
pp.78-88.
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