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1. Scope

1.1 This guide covers some general information on methods
for qualitative and quantitative assessment of the behavioral
responses of fish during standard laboratory toxicity tests to
measure the sublethal effects of exposure to chemical sub-
stances. This guide is meant to be an adjunct to toxicity tests
and should not interfere with those test procedures.

1.2 Behavioral toxicosis occurs when chemical or other
stressful conditions, such as changes in water quality or
temperature, induce a behavioral change that exceeds the
normal range of variability (1). Behavior includes all of the
observable, recordable, or measurable activities of a living
organism and reflects genetic, neurobiological, physiological,
and environmental determinants (2).

1.3 Behavioral methods can be used in biomonitoring, in the
determination of no-observed-effect and lowest-observed-
effect concentrations, and in the prediction of hazardous
chemical impacts on natural populations (3).

1.4 The behavioral methods described in this guide include
locomotory activity, feeding, and social responses, which are
critical to the survival of fish (4).

1.5 This guide is arranged as follows:

Section Number

Scope 1
Referenced Documents 2
Terminology 3
Summary of Guide 4
Significance and Use 5
Interferences 6
Safety Precautions 7
Responses Measured 8
Test Organisms 9
Facility 10
Qualitative Behavioral Assessment Method 1
Quantitative Behavioral Measurements 12
Experimental Design 13
Calculation of Test Results 14
Report 15

1.6 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
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conversions to SI units that are provided for information only
and are not considered standard. For an explanation of units
and symbols, refer to IEEE/ASTM SI 10.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.
While some safety considerations are included in this guide, it
is beyond the scope of this guide to encompass all safety
requirements necessary to conduct behavioral toxicity tests.
Specific hazards statements are given in Section 7.

1.8 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

E140 Hardness Conversion Tables for Metals Relationship
Among Brinell Hardness, Vickers Hardness, Rockwell
Hardness, Superficial Hardness, Knoop Hardness, Sclero-
scope Hardness, and Leeb Hardness

E729 Guide for Conducting Acute Toxicity Tests on Test
Materials with Fishes, Macroinvertebrates, and Amphib-
ians

E943 Terminology Relating to Biological Effects and Envi-
ronmental Fate

E1023 Guide for Assessing the Hazard of a Material to
Aquatic Organisms and Their Uses

E1192 Guide for Conducting Acute Toxicity Tests on Aque-
ous Ambient Samples and Effluents with Fishes,
Macroinvertebrates, and Amphibians

E1241 Guide for Conducting Early Life-Stage Toxicity Tests
with Fishes

E1383 Guide for Conducting Sediment Toxicity Tests with

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
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Freshwater Invertebrates (Withdrawn 1995)°
E1604 Guide for Behavioral Testing in Aquatic Toxicology
E1733 Guide for Use of Lighting in Laboratory Testing
E1847 Practice for Statistical Analysis of Toxicity Tests
Conducted Under ASTM Guidelines
IEEE/ASTM SI 10 American National Standard for Metric
Practice

3. Terminology

3.1 Definitions—The words “must,” “should,” “may,”
“can,” and “might” have very specific meanings. “Must” is
used to express an absolute requirement, that is, to state that the
test ought to be designed to satisfy the specified condition,
unless the purpose of the test requires a different design.
“Must” is used only in connection with the factors that relate
directly to 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,” “is often
desirable,” and “might be desirable” are used in connection
with less important factors. “May” is used to mean “is (are)
allowed to,” “can” is used to mean ‘“is (are) able to,” and
“might” is used to mean “could possibly.” Thus the classic
distinction between “may”” and “can” is preserved, and “might”
is never used as a synonym for either “may” or “can.”

3.2 Definitions of Terms Specific to This Standard:

3.2.1 aggressive behavior—behavioral reactions made in
response to a conspecific resulting in the repulsion of individu-
als. Aggressive social behaviors include reactions of ap-
proaches; displays of coloration, posture, or body movements;
bodily contact; or biting that results in the retreat of the
responding conspecific or in the initiation of similar responses.

3.2.2 feeding behavior—a response resulting in the con-
sumption of material, including orientation and movement
toward the material, sucking or striking motions directed at the
material, capture by mouth, spiting or holding, and swallowing
of the material.

3.2.3 locomotory behavior—neuromuscular responses that
result in movement of the fish’s body or a portion of the body
in space to cause a change in position or orientation in space,
as well as reflexive movements of body parts.

3.2.4 schooling or shoaling behavior—responses of social
attraction that reflect a tendency to remain in the vicinity of a
conspecific.

3.3 For definitions of other terms used in this guide, refer to
Guides E729, E1192, E1241, E1383, E1604, and Terminology
definitions in Guide E943.

4. Summary of Guide

4.1 This guide is intended to describe behavioral methods
that can be applied during routine bioassays. Qualitative
behavioral assessment procedures are intended to provide
limited behavioral characterizations that require minimal facil-

3The last approved version of this historical standard is referenced on
Www.astm.org.
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ity modifications, equipment, or training and are inexpensive to
conduct. Quantitative behavioral assessments are more rigor-
ous measurements of behavior and are intended for laboratories
that have an interest in behavioral testing and can provide
limited modifications of facilities and conventional video
recording equipment and limited staff training.

4.1.1 Qualitative behavioral screening of spontaneous be-
havioral activity provides a broad view of toxicant effects
during exposure to contaminants. Abnormal behavioral re-
sponses observed among fish are documented on a daily basis
using a behavioral checklist that includes categories of re-
sponses such as lack of feeding, lethargic or frenzied activity,
abnormal swimming movements or postures, and lack of
response or hyperreactivity to external stimuli (5). The behav-
ioral aberrations are based on the absence of response and on
obvious differences from the response of untreated fish. Al-
though no attempt is made to quantify the magnitude of
response, the consistent observation of response over time
provides a quantitative measurement of the response. Early
detection of behavioral abnormalities may warrant quantitative
measures of specific behavioral patterns.

4.2 Quantitative measurements of locomotory, feeding, and
social behaviors of fish can be conducted during standard
laboratory exposures, including static, flow-through, sediment,
and food exposures from direct observation or overhead video
recordings to determine the effects of sublethal exposure (6).
These behavioral responses are highly sensitive to sublethal
exposure and are relevant to survival (7). Data are obtained to
determine the effects of toxic substances on behavior from
short (for example, 96 h) or long-term (partial to full life cycle)
exposures.

5. Significance and Use

5.1 Protection of a species requires the prevention of detri-
mental effects of chemicals on the survival, growth,
reproduction, health, and uses of individuals of that species.
Behavioral toxicity tests provide information concerning the
sublethal effects of chemicals and signal the presence of toxic
test substances.

5.1.1 The locomotory, feeding, and social responses of fish
are adaptive and essential to survival. Major changes in these
responses may result in a diminished ability to survive, grow,
avoid predation, or reproduce and cause significant changes in
the natural population (8). Fish behavioral responses are
known to be highly sensitive to environmental variables as well
as toxic substances.

5.2 Results from behavioral toxicity tests may be useful for
measuring injury resulting from the release of hazardous
materials (9).

5.3 Behavioral responses can also be qualitatively assessed
in a systematic manner during toxicity tests to discern trends in
sublethal contaminant effects (5).

5.4 The assessment of locomotory, feeding, and social
behaviors is useful for monitoring effluents and sediments from
contaminated field sites as well as for defining no-effect
concentrations in the laboratory. or entsd
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conditions. Such behavioral modifications provide an index of
sublethal toxicity and also indicate the potential for subsequent
mortality.

5.5 Behavioral toxicity data can be used to predict the
effects of exposure likely to occur in the natural environment
(10).

5.6 Results from behavioral toxicity tests might be an
important consideration when assessing the hazard of materials
to aquatic organisms. Such results might also be used when
deriving water quality criteria for fish and aquatic invertebrate
organisms.

5.7 Results from behavioral toxicity tests can be used to
compare the sensitivities of different species, the relative
toxicity of different chemical substances on the same organism,
or the effect of various environmental variables on the toxicity
of a chemical substance.

5.8 Results of behavioral toxicity tests can be useful in
guiding decisions regarding the extent of remedial action
needed for contaminated aquatic and terrestrial sites.

5.9 The behavioral characteristics of a particular organism
need to be understood and defined before a response can be
used as a measure of toxicity (11). Swimming, feeding, and
social behavior varies among species as well as among life
stages within a species; the most effective test methods are
therefore those tailored to a particular life stage of a single
species. The range of variability of any behavioral response of
unexposed organisms is influenced by genetic, experiential,
physiological, and environmental factors. It is thus important to
avoid selecting test organisms from populations that may vary
in these factors.

5.10 Results of behavioral toxicity tests will depend on the
behavioral response measured, testing conditions, water
quality, species, genetic strain, life stage, health, and condition
of test organisms. The behavioral response may therefore be
affected by the test environment.

5.11 No numerical value or range of values has been defined
as the norm for swimming, feeding, or social behavior for any
fish; the detection of abnormal activity is therefore based on
comparisons of the responses of exposed fish, either with
activity measured during a baseline or pre-exposure period or
observations of fish under a control treatment (10).

5.12 These measures are incorporated readily into standard
toxicity test protocols, with minimal stress to the test organism.

6. Interferences

6.1 A number of factors can suppress, elicit, or alter
locomotory, feeding, and social responses and thus influence
behavioral test results and complicate data interpretation. The
following factors should be considered when measuring be-
havioral responses during toxicity tests:

6.1.1 The pretest handling of test organisms resulting from
collection, transfer, and maintenance of the culture environ-
ment can affect the response observed during exposure to toxic
substances.

6.1.2 The health, nutritional state, and physical condition of
the organism can influence the test.
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6.1.3 Behavioral responsiveness may vary by species, ge-
netic strain, population, gender, and developmental stage of the
organism.

6.1.4 Prior exposure to hazardous materials, environmental
stresses, and pathogens can affect behavioral responses.

6.1.5 Social status, such as the dominance or sex of the
individuals tested, and experiential factors, such as prior
experience with the predator or prey species, can influence the
behavioral response. Individuals tested in isolation may re-
spond differently from when tested in groups.

6.1.6 Cyclical changes (circadian, seasonal, annual,
hormonal, and reproductive) in behavioral responses can occur.

6.1.7 The behavioral response can be affected by the appa-
ratus design and procedural sequence of the measurement
method.

6.1.8 Behavioral responses will vary according to the extent
to which test organisms acclimate to the physical variables of
the testing environment, including water quality, temperature,
water flow, light, cover, and substrate, as well as their recovery
from handling, acceptance of diet, and adjustment to novel
testing chambers.

6.1.9 It is very important to eliminate disturbances to the
test system, such as vibrations, slamming doors, casting
shadows, abrupt changes in lighting, or water flow, that may
frighten the fish or disrupt ongoing activity (see Guide E1733).

6.1.10 Behavioral responses to toxic substances may sub-
side over time.

6.1.11 Precise, objective, operational definitions of behav-
ioral endpoints measured during toxicity tests are required.

6.1.12 Generally, excessive mortality among controls (see
Guides E729 and E1241), high variability in the behavioral
response of controls, disease, or variation in water quality or
experimental parameters beyond acceptable limits, and incon-
sistent visualization of the organism are the basis for rejecting
a behavioral test. The criteria for such limits will vary
depending on the substance, species, and response being tested,
as well as the objectives of the study. Guide E1604 should be
consulted regarding the acceptability of behavioral test results.

7. Safety Precautions

7.1 Many substances may pose health risks to humans if
adequate precautions are not taken. Information on toxicity to
humans, recommended handling procedures, and the chemical
and physical properties of the test material should be studied
and all personnel informed before an exposure is initiated.
(Warning—Special procedures might be necessary with radio-
labeled test materials and with test materials that are, or are
suspected of being, carcinogenic.)

7.2 Many materials can affect humans adversely if precau-
tions are inadequate. Contact with test material, sediments, and
water should be minimized. Where appropriate, protective
gloves, laboratory coats, aprons, protective clothing, and safety
glasses should be worn, and dip nets, sieves, or tubes should be
used to remove test organisms. When handling potentially
hazardous materials, proper handling procedures may include
the following: (/) manipulating test materials under a venti-

lated hood or in an enclosed glovebD,chmmtﬁd
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ventilating the exposure chambers, and (3) using respirators,
aprons, safety glasses, and gloves.

8. Responses Measured

8.1 Qualitative changes in behavior can be assessed during
the course of toxicant exposure by observing changes in
responses such as feeding inhibition, lethargic or frenzied
activity, abnormal swimming movements or postures, lack of
response or hyperreactivity to external stimuli, abnormal
coloration, heightened or inhibited aggression, or aberrant
respiratory patterns and coughs (5).

8.2 Locomotion—Locomotory responses are essential to
survival in most organisms and are often very sensitive to
hazardous substances (10). Disruption of locomotory behavior
can impair the ability of fish to perform essential life functions
that might rely on agile, efficient, and vigorous swimming.
Variables of locomotory behavior commonly measured during
standard toxicity tests include the frequency and duration of
activity, form and posture of locomotion, and larval develop-
ment of locomotion. In addition, movements of the organism
unrelated to locomotion, including postures and grooming
movements, as well as tremors and spasms, may be observed
during toxicity tests.

8.3 Feeding—Feeding is essential to survival, growth, and
reproduction. Feeding inhibitions induced by hazardous sub-
stances can result in starvation, impaired growth, decreased
fitness, and reproductive failure. Feeding behavior includes
variables such as orientation to the food material; movement
toward, striking, or sucking movements used to capture the
material; oral contact with, and acceptance of, the material as
indicated by consumption or rejection (spitting) of the material,
as well as latency of response to prey or food material; and the
maximum distance from which the organism responds to prey,
prey selectivity, feeding efficiency, and prey-handling time,
strike, and capture frequencies (12).

8.4 Social—Aggression and social attraction (shoaling) are
observed commonly in captive fishes.

8.4.1 Aggressive responses play an important role in the
dispersion of individuals and distribution of habitat resources.
Aggressive responses of an individual result in the displace-
ment of a conspecific. Variables involved in aggressive re-
sponses include changes in posture, coloration, or body move-
ments and movements toward, or contact between,
conspecifics, which results in the displacement of one
individual, but most commonly measure the frequency and
magnitude of aggressive interactions. Bodily contacts include
bites as well as nudging or pushing of one individual against
another. Displacement can include rapid retreat from an area,
change in position within the water column, or reduced
individual distance, that is, the characteristic three-dimensional
volume of space surrounding an individual (13).

8.4.1.1 Stress arising from aggressive interactions may po-
tentiate the toxicity of a chemical substance during toxicity
tests.

8.4.2 Shoaling (schooling) plays an important role in the
formation of aggregations to minimize predation and to facili-
tate feeding or reproduction (14). Shoaling responses are
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measured as nearest neighbor distances, or volume of space
occupied by the aggregation. Other variables measured during
laboratory toxicity tests include the rapidity and density of
aggregation in response to an external stimulus (for example,
tap on aquaria wall) and the duration of aggregation following
the stimulus (15).

9. Test Organisms

9.1 The species and life stages selected for study will
depend on the focus of the study and may include standard
bioassay organisms when the relative toxicity of a compound is
to be determined.

9.1.1 The species and life stage selected for study should be
appropriate for the experimental setting, tolerant of handling
and confinement within a reasonable acclimation time, and
willing to accept food in the setting in which the behavioral
responses will be observed. The species used should be
selected based on (/) availability, (2) sensitivity to a test
material(s), (3) ecological relevance to the habitat under study
(for example, saltwater or freshwater), and (4) tolerance to
ecological conditions such as temperature, grain size, and ease
of handling in the laboratory. The species of test organism used
should be determined using an appropriate taxonomic key.

9.1.2 Test organisms should not be diseased or injured and
should be obtained from relatively uncontaminated field sites
or contaminant-free cultures. The organisms should be accli-
mated to the water quality and testing conditions following the
procedures outlined in Guide E729.

9.1.3 The relative health and quality of the test organisms
can be verified through an assessment of their behavioral
repertoire and bioassays in response to reference toxicants.

9.1.4 All organisms should be as uniform as possible in age
and size class.

9.1.5 All organisms in a test should be from the same
source. Organisms may be obtained from (/) laboratory cul-
tures; (2) commercial, state, or federal institutions; or (3)
natural populations from clean areas. Laboratory cultures of
test species can provide organisms whose history, age, and
quality are known. Local and state agencies may require
collecting permits.

9.1.6 To maintain organisms in good condition and prevent
unnecessary stress, they should not be crowded or be subjected
to rapid changes in temperature or water quality characteristics.

9.1.7 In the event that the fish have been disturbed, there
should be a reasonable period of time after the disturbance has
occurred before the behavioral observations are made. A
resumption of ongoing activity, unrestricted movement within
the chamber, resumption of feeding, decrease in schooling,
recovery of coloration, or posture or return to the behavioral
condition that existed before the disturbance can be used to
judge recovery from the disturbance.

10. Facility

10.1 Facilities—The test facility can be one used for con-
ducting standard toxicity tests. Descriptions of such facilities
appear in ASTM documents, including the following: Guides
E729, E1023, E1192, E1241, E1383, and E1604. These pro-
vide guidance on construction materials, water and air delivery

systems, test chambers and cleaning, albwnts
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