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Standard Guide for

Behavioral Testing in Aquatic Toxicology *!

This standard is issued under the fixed designation E 1604; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope Significance and Use 5
1.1 This guide covers some general information on thépggt”,f;iﬂﬁjs o
selection and application of behavioral methods useful fokvater supply 8
determining the sublethal effects of chemicals to fish, amphibiafethy/I Pre_calutions 13
. . est Material
ians, and macroinvertebrates. _ Test Organisms 1
1.2 Behavioral toxicity occurs when chemical or other responses Measured 12
stressful conditions, such as changes in water quality opehavioral Test Method Selection Criteria 13
temperature, induce a behavioral change that exceeds thgemen Desion e
p ! C 2 A g ceptability of Test 15
normal range of variabilitf1). Behavior includes all observ- caiculation of Test Results 16
able, recordable, or measurable activities of a living organisnfeport 17
and reflects genetic, neurobiological, physiological, and envi- 1.8 The values stated in SI units are to be regarded as the
ronmental determinani@). standard.

1.3 Behavioral methods can be used in biomonitoring, the 1.9 This standard does not purport to address all of the
determination of no-observed-effect and lowest-observedsafety concerns, if any, associated with its use. It is the
effect concentrations, and the prediction of hazardous chemicaésponsibility of the user of this standard to establish appro-
impacts on natural populatior8). priate safety and health practices and determine the applica-

1.4 Behavioral methods can be applied to fish, amphibianssility of regulatory limitations prior to useSpecific precau-
and macroinvertebrates in standard laboratory toxicity testsjonary statements are given in Section 9.
tests of effluents, and sediment toxicity tests.

1.5 The various behavioral methods included in this guide2. Referenced Documents
are categorized with respect to seven interdependent, func-2.1 ASTM Standards:
tional responses that fish, amphibians, and macroinvertebratesg 729 Practice for Conducting Acute Toxicity Tests with
must perform in order to survive. These functional responses Fishes, Macroinvertebrates, and Amphibfans
include respiration, locomotion, habitat selection, feeding, E 1241 Guide for Conducting Early Life-Stage Toxicity
predator avoidance, competition, and reproducti®n Tests with Fishes

1.5.1 The functional responses are not necessarily mutually E 1383 Guide for Conducting Sediment Toxicity Tests with
exclusive categories. For instance, locomotion, of some form  Freshwater Invertebrates
of movement, is important to all behavioral functions. )

1.6 Additional behavioral methods for any category may be3- Terminology
added when new tests are developed as well as when methods3.1 Definitions—The words “must,” “should, “may,” “can,”
are adapted to different species or different life stages of aand “might” have very specific meanings. “Must” is used to

organism. express an absolute requirement, that is, to state that the test
1.7 This guide is arranged as follows: ought to be designed to satisfy the specified condition, unless
Section Number the purpose of the test requires a different design. “Must” is
Scape 1 used only in connection with the factors that directly relate to

Referenced Documents 2
Terminology 3
Summary of Guide 4

the acceptability of the test. “Should” is used to state that the
specified condition is recommended and ought to be met if
possible. Although the violation of one “should” is rarely a

serious matter, violation of several will often render the results
questionable. Terms such as “is desirable,” “i

is often desirable,
* This guide is under the jurisdiction of ASTM Committee E47 on Biological and “might be desirable” are used in connection with less
Effects and Environmental Fate and is the direct responsibility of Subcommittee
E47.01 on Aquatic Assessment and Toxicology.
Current edition approved March 15, 1994. Published May 1994.
2 The boldface numbers in parentheses refer to the list of references at the endof—————
this standard. 2 Annual Book of ASTM Standardéol 11.05.
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important factors. “May” is used to mean “is (are) allowed of different chemical substances on the same organism, or
to,™ can” is used to mean “is (are) able to,” and “might” is effect of various environmental variables on the toxicity of a
used to mean “could possibly.” Thus the classic distinctionchemical substance.

between “may” and “can” is preserved, and “might” is never 5.7 The results from behavioral toxicity tests can be used to

used as a synonym for either “may” or “can.” predict the effects of long-term exposure.
3.2 Definitions of Terms Specific to This Standard: 5.8 The results of behavioral toxicity tests can be useful for
3.2.1 behavior—the complex of observable, recordable, or guiding decisions regarding the extent of remedial action
measurable activities of a living organism. needed for contaminated aquatic and terrestrial sites.

3.2.2 behavioral toxicity—the phenomenon observed when 5.9 The pehavioral characteristics of a particular organism
a behavioral response varies beyond the range of normal asyqyst be understood and defined before a response can be used

result of exposure to chemical or other stressors. as a measure of toxicity. The range of variability of any
. behavioral response of unexposed organisms is influenced by
4. Summary of Guide genetic, experiential, physiological, and environmental factors.

4.1 The potential toxicity of chemical substances in water,Thus it is important to avoid selecting test organisms from
food, or sediments is assessed by measuring the behavior pépulations that may vary significantly in these factors.
fish, amphibians, and macroinvertebrates during exposure, 5.10 The results of behavioral toxicity tests will depend on
using static, flow-through, or food exposure systems. Thehe behavioral response measured, testing conditions, water
behavioral response of organisms exposed to chemical sulguality, species, genetic strain, life stage, health, and general
stances in water, effluents, food, or sediments is compared wittondition of test organisms. Therefore, the behavioral response
the behavioral responses of control organisms. The behavioralay be affected by the test environment.
responses measured during toxicity tests are highly sensitive to
sublethal exposure. The behavioral measures are relevant & Interferences
essential life functions that fish, amphibians, and macroinver-
tebrates often must perform in order to survive and includeb
respiration, locomotion, habitat selection, feeding, predato%l
avoidance, competition, and reproduction. Data are obtained
determine the effects of toxic substances on behavior fro
short(for example, 1 h) or long-term (partial to full life cycle)
exposures.

6.1 A number of factors can suppress, elicit, or alter
ehavioral responses and thus influence behavioral test results
nd complicate data interpretation. The following factors
%hould be considered in the experimental protocol or in the
Miscussion of results when measuring behavioral responses
during toxicity tests:

6.1.1 The pretest handling of test organisms resulting from
5. Significance and Use collection, transfer, and maintenance of the culture environ-_

i ] ) ) ment can affect the response observed during exposure to toxic

5.1 Protection of a species requires the prevention of detrig;pstances.
mental effects of chemicals on the survival, growth, reproduc- g 1 5 The health, nutritional state, and physical condition of
tion, health, and uses of individuals of that species. Behaviorg},q organism can influence the test.
toxicity provides information concerning sublethal effects of 6.1.3 Behavioral responsiveness may vary by species, ge-
chemicals and signals the presence of toxic test substances. ..~ '

5.1.1 The behavioral responses of all organisms are adapti\P(?egtg:nSi;rna}lm’ population, gender, and developmental stage of the

and essential to survival. Major changes in the behaviora . . .
6.1.4 Prior exposure to hazardous materials, environmental

responses of fish, amphibians, and macroinvertebrates ma d oath frect the behavioral
result in a diminished ability to survive, grow, or reproduce an resses, an. pathogens can atiec . € behaviora respon;eg.
6.1.5 Social status, such as dominance or sex of the indi-

cause significant changes in the natural populaf&)n

5.2 The results from behavioral toxicity tests may be useful/iduals tested, and experiential factors, such as prior experi-
for measuring injury in the assessment of damages resultin?nce with predator or prey species, can influence the behavioral
esponse. Individuals tested in isolation may respond differ-

from the release of hazardous materig@s X
5.3 Behavioral toxicity test methods may be useful for€Nty than when tested in groups.
long-term monitoring of effluent§7). 6.1.6 Cyclical changes (circadian, seasonal, annual, and
5.4 The results from behavioral toxicity data can be used té€Productive) in behavioral responses can occur.
predict the effects of exposure on fish, amphibians, and aquatic 6-1.7 The behavioral response can be affected by apparatus
invertebrates likely to occur in field situations as a result ofdesign and by the procedural sequence of the measurement
exposure under similar conditions, including the avoidance ofmethod.
exposure by motile organisngs). 6.1.8 Behavioral responses will vary according to the extent
5.5 The results from behavioral toxicity tests might be anto which test organisms acclimate to the physical variables of
important consideration for assessing the hazard of materials tbe testing environment, including water quality, temperature,
aquatic organisms. Such results might also be used whemater flow, light, cover, and substrate, as well as their recovery
deriving water quality criteria for fish and aquatic invertebratesrom handling, acceptance of diet, and adjustment to novel
organisms. testing chambers.
5.6 The results from behavioral toxicity tests can be used to 6.1.9 Behavioral responses to toxic substances may subside
compare the sensitivities of different species, relative toxicityover time.
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7. Test Facility 48 h in water of the same quality as that used in the toxicity test

7.1 Facilities—The facility should include a constant tem- {0 1€ach potentially toxic compounds from the adhesive.
perature area for culturing and testing. Test and culture /-4-2 Apparatus will vary according to the response being
chambers may be placed in a temperature-controlled recirc?®asured and species and life stage being tested. Organisms
lating water bath or in a constant-temperature area. Air used fgh@y be observed directly in the exposure chamber, or they may
aeration should be free of fumes, oil, and water and can requirg® ransferred to specialized apparatus for measurement of the
filters to remove oil, water, and bacteria. The test facility"®SPonse. Recording of response may requiyelifect visual
should be well-ventilated and free of fumes. Enclosures may bgPservation, Z) video-recorded observation, o8)(electroni-

necessary to ventilate test chambers. cally recorded observation. _
7.1.1 Culture and animal care facilities should not be in a /-2 Cléaning—Test chambers, water delivery systems,

room in which toxicity tests are conducted, stock solutions o|equ|pment_used for preparing and storing exposure water, a_nd
test solutions are prepared, or equipment is cleaned. stock solutions should be cleaned before use. Consistent with

7.1.2 A timing device should be used to provide a Iight-Gu'de E 729, new items should be washed in the following

:darkness cycle. A15 to 30-min transition period, allowing formanner. {) detergent wash,2j tap water rinse, 3) water-

a gradual change in light intensity when the lights are turned Orr'msuble organic solvent washd)(tap water rinse, ) acid

0 . .
or off, may be desirable for reducing stress caused by instarwaSh (such as .10 A).con.ce_ntrated _hydrochlonc acid), &pd (
taneous illumination or darkness. rinse at least twice with distilled, deionized, or test water. Test

. . . . L chambers should be rinsed with test water just before use.
7.'2 Construction Materla_ls—Cor_18|stent with speq|f|cat|ons 7.5.1 Many organic solvents leave a film that is insoluble in
del!r)gated, for exa”f'p'e’ n GU|de.E1241, equipment anQNater. A10 % nitric acid solution, for example, may cause
faalmes that come into contact with StQCk SOIW'O”S’ Sy eterioration of silicone adhesive. A rinse with 10 % concen-
solutions, food, sediment, air, or water, into which the tes[iajaflited hydrochloric acid may be preferable. A dichromate-
fgg?g;m;%rgspé?\f:g’i:g?:::)dugg ?ﬁg:g#escﬁﬁf?ggsgra;%in furic acid cleaning solution can generally be used in place of
adversely. The materials should be chosen to minimize gor ti?)’bSOth the organic solvent and the acid (see Guide E 729), but the
of test m);terials PUOL1ution might attack silicone adhesive and leave potentially
oo . . mutagenic residues of chromium on glass. Non-chromium
7.3 Water and Air Delivery SystemsThe water delivery leaning solutions are also available
system used in flow-through testing can be one of severaci '

desi Th hould b ble of deliveri : 7.5.2 Upon completion of a test, all items that are to be used
esigns. The system shou € capable ot delivering .equ%gain should be immediatel§)(emptied of water, sediment, or
volumes of water at an equal rate of flow to each replicat

&ffluent (which should be di d of 1) (insed with
treatment container. Various metering systems, using differe uent (which should be disposed of properlg) (insed wi

r%ater; @) cleaned by a procedure appropriate for removing the

combinations of siphons, pumps, solenoids, valves, etc., ha\fg@st material (for example, acid to remove metals and bases and

been used successfully to control the flow rates of water an etergent, organic solvent, or aqueous slurry of activated

toxic substances (s_ee Guide E 1241). . carbon to remove organic chemicals); addl (insed at least
7.3.1 The metering system should be calibrated before thgyice with distilled. deionized. or overlying water.

test by determining the flow rate of.water and airthrpugh each 7 ¢ Acceptability—Before a toxicity test is conducted in
test chamber. The general operation of the metering systeR,y test facilities, it is desirable to conduct a non-toxicant test,
should be visually checked daily throughout the test. The watef, \hich all test chambers contain uncontaminated water or
delivery system should be adjusted during the test if necessaryagiment. The behvior of the test species will demonstrate
At any particular time during the test, flow rates through anyyhether facilities, water, control sediment, and handling tech-
two test chambers should not differ by more than 10%.  pigues are adequate to result in acceptable species-specific
7.4 Test Chambers-In a behavioral toxicity test with fish, control numbers. The magnitude of the within-chamber and

amphibians, and macroinvertebrates, the measurement of bgetween-chamber variance should also be determined.
havioral response may take place directly in the exposure

vessel, or the organisms may be transferred to a specifie: Water Supply
apparatus or observation chamber for the purpose of measuring8.1 Requirements-In addition to being available in ad-
a behavioral response (see section 8.1.8). The independesduate supply, dilution water used in behavioral toxicity tests,
experimental unit for such tests is based on the smallesind water used to hold organisms before testing, should be
physical exposure unit between which there are no water, abicceptable to test species and uniform in quality. To be
connections, or common access to sediment or food. All tesicceptable to the test species, the water must permit satisfac-
chambers must be identical, and the test compartments withiory survival and growth, without inducing signs of disease or
each chamber must be identical and placed in analogouspparent stress, such as discoloration, or unusual behavior.
locations within each test chamber. 8.2 Source—Natural overlying water should be uncontami-
7.4.1 Test chambers may be constructed in several ways amdited and of constant quality and should meet the following
of various materials, depending on the experimental design argpecifications as established in Guide E 729. The values stated
contaminants of interest. Clear silicone adhesives, suitable fdrelp to ensure that the test organisms are not apparently
aquaria, should be used sparingly since they sorb some orgarstressed during holding, acclimation, and testing and that the
compounds that may be difficult to remove. New test chambergest results are not affected unnecessarily by water character-
sealed with silicone adhesives should be weathered for at leaistics: particulate matter, <5 mg/L; total organic carbon (TOC),
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<5 mg/L; chemical oxygen demand (COD), <5 mg/L; andbreaking down with use and that plastic air stones are not
residual chlorine, <11 pg/L. absorbing organic chemicals.

8.2.1 A natural water source is considered to be of uniform )
quality if the monthly ranges of the hardness, alkalinity, and®: Safety Precautions
specific conductance are less than 10 % of their respective 9.1 Many substances may pose health risks to humans if
averages and if the monthly range of pH is less than 0.4 unig@dequate precautions are not taken. Information on toxicity to
Natural waters should be obtained from an uncontaminateumans, recommended handling procedures, and chemical and
well or spring, if possible, or from a surface water source. IfPhysical properties of the test material should be studied and all
surface water is used, the intake should be positioned tBersonnel informed before an exposure is initiated.
minimize fluctuations in quality and the possibility of contami-  Nore 1—warning: Special procedures might be necessary with radio-
nation; to maximize the concentration of dissolved oxygen; anthbeled test materials and with test materials that are, or are suspected of
to help ensure low concentrations of sulfide and iron. Munici-being, carcinogenic.

pal water supplies often contain unacceptably high concentra- 9.2 Many materials can affect humans adversely if precau-
tions of copper, lead, zinc, fluoride, chlorine, or chloraminesgjons are inadequate. Contact with test material, sediments, and
and quality is often variable. Chlorinated water should not bQNater should be minimized. Where appropriate, protective
used for, or in the preparation of, exposure water becausgloves, laboratory coats, aprons, protective clothing, and safety
residual chlorine and chlorine-produced oxidants are toxic t@lasses should be worn, and dip nets, sieves, or tubes should be
many aquatic animal®). Dechlorinated water should be used used to remove test organisms. When handling potentially
only as a last resort because dechlorination is often incomplet@azardous materials, proper handling procedures may include
8.2.2 For certain applications, the experimental desigr{1) manipulating test materials under a ventilated hood or in an
might require the use of water from the test effluent or sedimengnclosed glovebox2j enclosing and ventilating the exposure
collection site. chambers; and3j using respirators, aprons, safety glasses, and

8.2.3 Reconstituted water is prepared by adding specifiegloves.
amounts of reagent grade chemicals to high-quality distilled or _
deionized water (see Guide E 729). 10. Test Material . _

8.3 Characterizatior—The following items should be mea-  10-1 Test materials may include pure compounds or com-

sured at least twice each year, and more oftenljf guch mercial formulations of compounds that are added to water or

measurements have not been determined semiannually for sgdiment. Test materials collected from field locations may also

least two years or2) if surface water is used: pH, particulate include (_:omplex mixtures of chemical compounds in effluents
matter, TOC, organophosphorus pesticides, organic halide@d szed|men_t§. s § hnical s § .
organochlorine pesticides, polychlorinated biphenols (PCBs), 10-2 Considerations for technical test materials for use in

chiorinated phenoxy herbicides, ammonia, cyanide, sulfide?dUeoUs tests, preparations of stock solutions, use of solvents,
bromide, chloride, fiuoride, iodide, nitrate, phosphate sulfateand selection of test concentrations of aqueous solutions should

calcium, magnesium, sodium, potassium, aluminum, arsenict,‘,)”OW those outl!ned n _Gwde E1241. .
beryllium, boron, cadmium, chromium, cobalt, copper, iron 103 Te_sts using sediments as thg exposure me_d|a should
lead ma,nganes,e mercurg/ molybder,wm ni,ckel selleniur,ﬁouow Guide E 1383 for the characterization, collection, stor-

’ i ' ' X dge, preparation of spiked sediment samples, and test concen-

silver, and zinc, hardness, alkalinity, and conductivity (seet i ¢ spiked sedi A |
Guide E 729). rations of spiked sediment samples.

8.3.1 For each method used, the detection limit should bg1 Test Organisms
below (1) the concentration in the dilution water o2)(the

) 11.1 Species and life stages selected for study will depend
Iowegt concentration that has been shown to affect the te%tn the focus of the study and may include standard bioassay
species adverselfd0).

) ] ) _organisms when the relative toxicity of a compound is to be
8.3.2 Water that might be contaminated with facultativeqetermined.
pathogens may be passed through a properly maintained 11 2 The species and life stage selected for study should be
ultraviolet sterilizer(11) equipped with an intensity meter and appropriate for the experimental setting, tolerant of handling
flow controls or passed through a filter with a pore size of 0.4%nq confinement within a reasonable acclimation time, and be
um or less. Carbon filtration may be required to remove th&yjjling to accept food in the setting in which the behavioral
pathogenic toxins. responses will be observed. The species used should be
8.3.3 Water may require aeration using air stones, surfacselected based orl)( availability; (2) sensitivity to a test
aerators, or column aerato($2-14) Adequate aeration will material(s); 8) ecological relevance to the habitat under study
stabilize the pH, bring the concentrations of dissolved oxygerifor example, saltwater or freshwater); and) (olerance to
and other gases into equilibrium with air, and minimize theecological conditions such as temperature, grain size, and ease
oxygen demand and concentrations of volatiles. The concerof handling in the laboratory. The species of test organism used
tration of dissolved oxygen in water should be between 90 andhould be determined using an appropriate taxonomic key.
100 % saturatiorf1l4) to help ensure that the dissolved oxygen 11.3 Test organisms must not be diseased or injured and
concentrations are acceptable in the test chambers. Precautionsst be obtained from relatively uncontaminated field sites or
should be taken, however, to ensure that glass air stones are maintaminant-free cultures. The organisms must be acclimated
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to the water quality and testing conditions following the during toxicity tests include the frequency and magnitude of
procedures outlined in Guide E 729. aggressive interactions.

11.4 The relative health and quality of test organisms can be 12.5 Feeding—Feeding is essential to survival, growth, and
verified through an assessment of their behavioral repertoirgeproduction. Feeding inhibitions induced by hazardous sub-

and bioassays in response to reference toxicants. stances can result in starvation, impaired growth, decreased
11.5 All organisms should be as uniform as possible in agéitness, and reproductive failure. Variables of feeding com-
and size class. monly measured during toxicity tests include latency of re-

11.6 All organisms in a test must be from the same sourcesponse to prey and the maximum distance from which the
Organisms may be obtained frort) (aboratory cultures;2)  organism responds to prey, prey selectivity, feeding efficiency
commercial, state, or federal institutions; @) (atural popu- and prey-handling time, strike and capture frequencies, bioen-
lations from clean areas. Laboratory cultures of test species castgetics, and learninglL8).
provide organisms whose history, age, and quality are known. 1 g predator Avoidance-Most fish, amphibians, and mac-
Local and state agencies may require collecting permits. sinvertebrates are vulnerable to predation during their life

11.7 To maintain organisms in good condition and avoideycle. Hazardous substances may increase a prey organism’s
unnecessary stress, they should not be crowded and should Refinerapility to predation by disrupting defensive responses or
be subjected to rapid changes in temperature or water qualityscreasing the organism's ability to escape predators. Variables
characteristics. , of prey vulnerability commonly measured during toxicity tests

11.8 The addition of shelter or refuge may be required fofinci,de frequency of capture, schooling, shelter seeking, de-
certain species. fensive reactions, and learnig@9).

12. Responses Measured 12.7 Reproductior—Reproduction is essential to the main-

12.1 Respiratior—Respiratory tissue is frequently in imme- t€nance of a population. Hazardous substances can disrupt
diate contact with injurious substances. Disruptions in respiraceProduction through reduced gametogenesis, egg viability,
tory behavior arise when the substance reduces respirato d 'behaV|oraI modifications. Behayloral v_anables of'repro—
efficiency, affects neurological control of respiration, or irri- duction that can be measured during toxicity tests include
tates respiratory membranég). Respiratory variables com- reproductive _mlgratlo_ns, territoriality, courtship, spawning,
monly measured include respiratory frequency, respirator”es,t preparation, maintenance and defense, and parental be-
volume, and the analog waveform characteristics of the respfavior (20).
ratory cycle. . : o

12.2 Locomotior—Locomotory responses are essential tol3- Behavioral Test Method Selection Criteria
survival in most organisms and are often very sensitive to 13.1 Selection criteria will vary depending on the purpose
hazardous substancgb). Disruption of locomotory behavior of the specific toxicity tes(21). Criteria for the behavioral
can impair the ability of fish, amphibians, and macroinverte-methods used in biomonitoring might include sensitivity, low
brates to perform essential life functions that might rely oncost, biotic and abiotic variation, and standardization. Criteria
agile, efficient, and vigorous swimming. Variables of locomo-for the behavioral methods defining no-observed-effect con-
tory behavior commonly measured include the frequency andentrations may emphasize criteria for sensitivity, standardiza-
duration of activity, form and posture of locomotion, larval tion, validity, and realism. Behavioral methods for predicting
development of locomotion, physical capacity for swimming,ecological impacts of test materials would emphasize criteria
and bioenergetics. Locomotion may also include the respirasuch as realism, validity, and predictive capabilities.
tory and feeding movements of sessile organisms. 13.1.1 Documentation-There should be sufficient investi-

12.3 Habitat Selectior-Fish, amphibians, and macroinver- gations or published reports to provide guidance for the
tebrates must be capable of detecting and responding apprEonduct of procedure and estimates as to expected outcome.
priately to environmental stimuli in order to seek conditions otherwise, sufficient preliminary study should be conducted to
beneficial to survival and to avoid hazardous conditions. Somgssess the suitability of the response as a measure of toxicity.
chemical substances are detected by fish, amphibians, andl&l'2 Biotic and Abiotic InfluencesNonexperimental

?%ngégvegﬁgﬁf; :unk;jstggggsa%gdiﬂg; t?]:a Zt;ﬁdatgcgetfs'gurces of variation on the behavioral responses should be
P ’ Y Y 5 fined in order to ensure that these variables are addressed in

and respond to environmental stim(6). Variables of habitat the experimental design and physical setting of the experiment.

selection that are commonly measured'lncIL.Jde orientation 0]Lhese precautions will minimize variation of the response of
preference to temperature, water quality, light, and natura[he individuals tested

chemical stimuli such as food odors, predator and prey scents, ) ) _ )
13.1.3 Realism—The interpretation of the response in terms

and pheromones. . - . . ;
12.4 Competitior—Most organisms must compete for avail- of the organism’s ability to survive and in relation to the

able resources. Exposure to hazardous substances may intéPility of the population should be unambiguous.

fere with competitive responses by increasing or decreasing the 13.1.4 Validation—Responses observed during the toxicity
aggressive interactions between conspecifics and betwed@st ought to reflect responses that occur in the field.
species(17). Stress arising from aggressive interactions may 13.1.5 Sensitivity—The test procedure should produce mea-
potentiate the toxicity of a chemical substance during toxicitysurable responses at low, environmentally relevant exposure
tests. Variables of competition most commonly measureatoncentrations.
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13.1.6 Predictive Capabilities-The test should be predic- least 50 % of the next higher concentration. Tests using
tive of responses of populations and communities to theumerous treatments over a broad range of concentrations are
exposure. valued since they also provide information on dose-response

13.1.7 Costs—Costs per test should be realistic relative torelationships.
alternative procedures and reflect the societal value of the 14.3.2.1 In tests of single chemical compounds, the range of
resource. concentrations selected should include sublethal concentra-

13.1.8 Standardizatior-Conditions and components of the tions that are expected to occur in the environment.
test system should be defined sufficiently to allow different 14.3.2.2 In tests of effluents, a 50 % dilution series should
laboratories to obtain similar results. Statistical criteria forbe tested using water from an upstream or reference site as a
detecting and interpreting the responses of a test system showlduent for the effluent to be tested.
be well-defined, as should the criteria for rejecting test results. 14.3.2.3 Toxicity tests of field-collected sediments should

13.2 Precise, objective, operational definitions of behaviorainclude sediments collected in reference areas and areas
endpoints measured during toxicity tests are required. adjacent to contaminated sites. Sediments “spiked” with the
14. E , , compound may be mixed with reference sediments to create a
. Experimental Design o . . )

dilution series of contaminated sediments.

14.1 The experimental design for different behavioral tox- 14 3 2.4 When limited information is available on the tox-
icity tests will vary depending on the endpoint to be measuredicity of the compound, sediment, or effluent, preliminary
species to be tested, and length of exposure. exposures should be conducted to establish the relative lethal-

14.2 The experimental unit is defined as the smallest physhy of the toxicant.

cal entity to which treatments can be assigned independently: 14 4 Organisms should be assigned randomly to treatment

Because water or air cannot flow from one exposure chambqgroups’ and individuals should be sampled randomly for

to another, the exposure chamber is the experimental unigenavioral responses during exposure.
Behavioral responses measured from organisms from the sameq4 5 The species and life stages selected for study should be

chamber are con_S|dered to be multiple observations of the Sam@hropriate for the problem in question. For example, early life
experimental unit. As the number of exposure chambers peliaqe organisms may display sufficient sensitivity and accli-
treatment increases, the number of degrees of freedom ifate readily to the laboratory environment, but they would not
creases, and therefore the power of a significance test insoyide information on reproductive behavior. The timing of

creases. Thus, degrees of freedom in behavioral tests increasg,osyre should recognize cyclical responses and circadian
only when representative organisms from replicate EXPOSUrfythmicity of the behavioral response

chambers are studied. Several precautions must be taken to 4.6 The duration of exposure will depend on the chemical
ensure that the experimental design does not affect the resugﬁecies and behavioral endpoint selected for study '

O.f t_he test: 1) aII. exposure chamber_s should be treated as 14.7 Behavioral responses may be measured continuously
similarly as possible, when considering parameters such agr
e

o A ~ after selected intervals of exposure, especially during
temperature and lighting (unless these are the variables test omonitoring or during avoidance and attractance tests.

(2) each exposure chamber, including replicate exposure cham- 14.8 Measurements of responses can be made during expo-

?rg;}nrzgf; g]isﬁhg:';aslg gggtfsngin?l S?c??rzgz\?i;l?:lt)gxaggu(rsure as well as during recovery to determine the stability of
9 y P sponse over time, as well as the extent to which the

chamber locations. The assignment of test organisms to €3¢ havioral response recovers or that delayed effects occur.

chirlngeérrreu(sntc tl:;]ee anodfowézﬁi?" experimental desians will be 14.9 The measurement of multiple endpoints will enhance
) g exp 9 the characterization of a substance’s toxicity.

appropriate in most cases:

14.3.1 If it is necessary to determine whether a specifi 5 A tability of Test
concentration, effluent, or sediment affects behavior, only that™ cceptability ot fes
concentration, effluent, or sediment and a control are necessary.15.1 A behavioral test generally will be rejected based on
Controls might include dilution water or solvent control water, €xcessive mortality among controls, high variability in the
or both, to which no test material has been added. Sedimengghavioral response of controls, disease, or variation in water
and effluents collected from relatively uncontaminated referguality or experimental parameters beyond acceptable limits.
ence sites may also be used. Preexposure responses may al§¢ criteria for such limits will vary depending on the
be compared with those observed during exposure. Referengélbstance, species, and response being tested, as well as the
toxicant may serve as positive control. objectives of the study.

14.3.2 When the purpose of the study is to calculate an 15.2 A behavioral toxicity test should be considered unac-
endpoint, two or more toxicant concentrations should beceptable if one or more of the following occurred:
applied during the exposure. Control treatments include dilu- 15.2.1 All test chambers (and compartments) were not
tion water or solvent water controls, or both, to which no testidentical, or were not treated as separate entities.
material has been added, or sediments and effluents collected15.2.2 The exposure water was not acceptable to the test
from reference sites. It is important that the reference sites haverganisms.
been characterized sufficiently to ensure that minimum con- 15.2.3 The natural geochemical properties of test sediments
tamination exists. A geometric series of at least five concener effluents collected from the field were not within the
trations is commonly used, with each concentration being atolerance limits of the test species.
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15.2.4 Appropriate negative and solvent controls, or refer- 17.1.3 Source of the dilution water; its chemical character-
ence sediments or effluents, were not included in the test. istics; description of any pretreatment; and results of any

15.2.5 The concentration of solvent used affected the sudemonstration of the ability of a species to survive, grow, and
vival, growth, or reproduction of the test organisms. reproduce in the water.

15.2.6 All animals in the test population were not obtained 17.1.4 Source, history, and age of the test organisms;
from the same source, were not all of the same species, or wesegientific name (and strain, when appropriate); name of the
not of acceptable quality. person who identified the organisms and the taxonomic key

15.2.7 Treatments were not assigned randomly to individualised; observed diseases, disease treatments, holding, acclima-
test chamber locations, and the individual test organisms wengon, and procedures; if the organism is cultured, the number of
not assigned impartially or randomly to test chambers omales and females and number of nests and substrates used. If
compartments. hormonal injections were used, the number of males and

15.2.8 Each test chamber and replicate must contain thigmales used as well as the type of hormone, frequency, and
same amount of sediment, determined either by volume ofiming of injections.
weight. 17.1.5 Description of the experimental design and exposure

15.2.9 The temperature, dissolved oxygen, and concentrghambers (and compartments); depth and volume of solution in
tion of the test material were not measured or were not withighe chambers: number of organisms and test chambers (and
the acceptable range. compartments) per treatment; and procedure used for thinning,

15.2.10 Organisms exposed to negative control or referenggading, and lighting. Also include a description of the meter-
sediments and effluents did not survive, grow, or reproduce apg system and flow rate as volume additions per 24 h.
required for the test organisms. _ _17.1.6 Description of the behavioral procedure and appara-

15.2.11 Behavioral responses measured during the toxicitys ysed in the measurement of response; volume and quality of
test were defined ambiguously. . _ water used in the apparatus; method of selection of test

15.2.12 More than 20 % of the control organisms failed t0grganisms and stocking density in the experimental apparatus;
respond or were abnormal in their behavior. procedure for lighting and temperature control; metering sys-

15.2.13 Variability of the behavioral measurement for CON-tem; and flow rate as volume additions per 24 h.
trols exceeded 50 % of the mean value. 17.1.7 Source and composition of food; concentrations of
16. Calculation of Test Results test material and other contaminants; and feeding methods,
aTrequency, and ration.

16.1 The primary data to be analyzed from a behavior 1718 R d ti iahted f th d
toxicity test will vary depending on the response measured and ~' "~ ange and time-weighte average o the measure
test temperature and the methods of measuring or monitoring,

may include L) frequency, proportion, magnitude, or presence
and absence of the behavioral respons®); rheasures of ©f both. o )
growth, mortality, reproductive, developmental, morphologi- 17.1.9 Schedule for obt:_;umng samples of the test solutions
cal, histological, and physiological and biochemical variables@nd methods used to obtain, prepare, and store them.
and @) concentration of test material in the test solutions. 17.1.10 Methods used for, and results (with standard devia-
16.2 The variety of procedures that can be used to calculaféons or confidence limits) of chemical analyses of water
the results of behavioral toxicity tests can be divided into twoduality; and concentration of the test material, impurities, and
categories: those that test hypotheses and those that provifRaction and degradation products. Include methods for vali-
point estimates. No procedure should be used without caref@ation studies and reagent blanks.
consideration of 1) the advantages and disadvantages of 17.1.11 Atable of data on the survival, growth, and behav-
various alternate procedures arf) @ppropriate preliminary ior of the test organisms in each test chamber (and compart-
tests, such as those for outliers and for heterogeneity. Theent) in each treatment, including the controls, in sufficient
calculation procedure(s) and interpretation of results should beetail to allow independent statistical analysis.
appropriate to the experimental design. 17.1.12 Methods used for and results of statistical analysis
17 R ¢ of the data.
- ~epor 17.1.13 Summary of general observations of other effects.

17.1 Include the following information either directly or by 17 1 14 Results of all associated toxicity tests.
reference to available documents in the record of the results of 17.1.15 Anything unusual concerning the test, any deviation

an acceptable behavioral toxicity test: . (f]rom these procedures, and any other relevant information.
17.1.1 Name of the test and investigator(s); name an 17.1.16 Published ts should includ h inf
location of the laboratory; and dates of initiation and termina-. ~" " ublished reports should include enougn nforma-
: tion to identify the procedures used and quality of the results
tion of the test. learl
17.1.2 Source of the test material; its lot number, geographi9 early.
cal location or transect coordinants, composition (identities and 8 q
concentrations of major ingredients and major impurities) 18- Keywords
known chemical and physical properties, and identity and 18.1 aquatic toxicity; behavior; locomotory activities;
concentration(s) of any solvent used. respiration
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