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Conducting Early Life-Stage Toxicity Tests with Fishes
This standard is issued under the fixed designation E 1241; 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 epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope Facilities 7.1
. . . . Construction Materials 7.2
1.1 This gu_lde describes procedures for obtalnlng_laboratory Metering System 73
data concerning the adverse effects of a test material added tarest chambers and Incubation Cups 7.4
dilution water—but not to food—on certain species of fresh- i'eanitn% " ;2
X . . cceptability .
water and salt_vvater fishes during 28 to 1_20-day (depending Of),ion water 8
species) continuous exposure, beginning before hatch, andrequirements 8.1
ending after hatch, using the flow-through technique. This iourtce t g-g
. . - . reatmen .
gwde_z will prob_ably be useful for cpnductl_ng early Ilfe-stage_ Characterization 8.4
toxicity tests with some other species of fish, although modi-est material 9
fications might be necessary. General 9.1
1.2 Other modifications of these procedures might be justi- Sroc Seluton 22
e . : p g . J Test Concentration(s) 9.3
fied by special needs or circumstances. Although using appr@est organisms 10
priate procedures is more important than following prescribed ipec'es ig-;
procedures, results of tests conducted using unusual proceduregy., . 10.3
are not likely to be comparable to results of many other tests. Brood Stock 10.4
Comparison of results obtained using modified and unmodifieg,rg‘:;g"feg ig-5
. . . . . u
versions of these procedures might provide useful information g, ;e imental Design 11
concerning new concepts and procedures for conducting earlypissolved Oxygen 1.2
life-stage toxicity tests with fishes. Temperature 13
. . . Beginning the Test 114
1.3 These procedures are applicable to all chemicals, eithersyqning s
individually or in formulations, commercial products, or Feeding 11.6
known mixtures, that can be measured accurately at theDuration of Test 7
. . . . g Biological Data 11.8
necessary concentrations in water. With appropriate modifica- giper Measurements 19
tions these procedures can be used to conduct tests @nalytical Methodology 12
temperature, dissolved oxygen, and pH and on such materiaf§ceptability of Test 13
. . Calculation of Results 14
as agueous effluents_ (see Guide E 1192), leachates, OilSycumentation 15
particulate matter, sediments, and surface waters. Appendixes
1.4 This guide is arranged as follows: Appendix X1 Salmon, Trout, and Char

Appendix X2 Northern pike

Appendix X3 Fathead minnow
Section Appendix X4 White sucker

Appendix X5 Channel catfish

Referenced Documents 2 Appendix X6 Bluegill

Terminology 3 Appendix X7 Gulf toadfish
Summary of Standard 4 Appendix X8 Sheepshead minnow
Significance and Use 5.1 Appendix X9 Silversides

Hazards 6 Appendix X10 Statistical Guidance
Apparatus 7 Appendix X11. Striped Bass

1.5 This standard does not purport to address all of the
_ safety concerns, if any, associated with its use. It is the
* This guide is under the jurisdiction of ASTM Committee E47 on Biological responsibility of the user of this standard to establish appro-

Effects and Environmental Fateand is the direct responsibility of Subcommitteg, i ; ; inal
E47.01 on Aquatic Assessment and Toxicology. Priate safety and health practices and determine the applica

Current edition approved March 10, 1998. Published March 1999. Originallyb”'ty of regulator_y |Im|tat|0n§ prior to use. Specific hazard
published as E 1241 — 88. Last previous edition E 1241 — 92. statements are given in Section 6 and 9.
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2. Referenced Documents in each test chamber are obtained and analyzed to determine
2.1 ASTM Standards: the effect(s) of the test material on the survival and growth of

E 380 Practice for Use of the International System of Unitsthe test organisms.
(SI) (the Modernized Metric Systef) 5. Significance and Use
E 729 Guide for Conducting Acute Toxicity Tests with = 9 i . ) .
Fishes, Macroinvertebrates, and Amphibfans 5.1 Protection of a species requires prevention of unaccept-
E 943 Terminology Relating to Biological Effects and En- able effects on the number, weight, health, and uses of the
vironmental Eaté individuals of that species. An early life-stage toxicity test

E 1023 Guide for Assessing the Hazard of a Material toProvides information about the chronic toxicity of a test

Aquatic Organisms and Their Uses material to a species of fish. The primary adverse effects
E 1192 Guide for Conducting Acute Toxicity Tests on Studied are reduced survival and growth.

Aqueous Effluents with Fishes, Macroinvertebrates, and 5.2 Results of early life-stage toxicity tests are generally

Amphibians useful estimates of the results of comparable life-cycle tests
E 1203 Practice for Using Brine Shrimp Nauplii as Food for With the same specig).” However, resullts of early life-stage
Test Animals in Aquatic Toxicology tests are sometimes under estimative of those obtained with the
same species in the longer life-cycle te@s
3. Terminology 5.3 Results of early life-stage toxicity tests might be used to

3.1 The words “must,” “should,” “may,” “can,” and “might" predict long-term effects likely to occur on fish in field

have very specific meanings in this standard. “Must” is used tc'§ituations as a result of an exposure under comparable condi-

express an absolute requirement, that is, to state that the tég%ns_,belxcept that motile organisms might avoid exposure when
ought to be designed to satisfy the specified condition, unlegOSsIb'e. . . .
5.4 Results of early life-stage toxicity tests might be used to

the purpose of the test requires a different design. “Must” is

only used in connection with factors that directly relate to thetompare the chronic sensitivities of different fish species and

acceptability of the test (see 13.1). “Should” is used to statér;fe cthrofnlc t_OX'C't'es_ of dlfferte?;[ mtaterlals, anﬁ tOfStUdﬁ/ tthf
that the specified condition is recommended and ought to pEECtS ot various environmental factors on results of such tests.

met if possible. Although violation of one “should” is rarely a . 5.5tRetsuIts %f eattlrly I|fﬁ-stage tox_|C|tythteshts m'ght fbe e:n .
serious matter, violation of several will often render the resultgMPortant consideration when assessing the hazards ol materi-

questionable. Terms such as “is desirable,” “is often desirable,als to aquatic organisms (see Guide E 1023) or when deriving

and “might be desirable” are used in connection with lesgvater quality criteria for aquatic organisr(s).

important factors. “May” is used to mean “is (are) allowed to,” 5.6 Results of an early Iife_-stage test might be useful fo_r
scan” is used to mean “is (are) able to,” and “might” is used t’opred|ct|ng the results of chronic tests on the same test material
mean “could possibly.” Thus the claésic distinction betweenWith the same species in another water or with another species

“may” and “can” is preserved, and “might’ is never used as Jn the same or a different water. Most such predictions take into

synonym for either “may” or “can.” account the results of acute toxicity tests, and so the usefulness

3.2 For definitions of other terms used in this standard, refePf the results of an early life-stage test is greatly increased by

to Guide E 729, Terminology E 943, and Guide E 1023. For a eporting also the results of an acute toxicity test (see Guide
explanation of ’units and symbols }efer to Practice E 380 729) cogducted with juveniles of the same species under the
’ " same conditions.

4. Summary of Guide 5.7 Results of early life-stage toxicity tests might be useful

for studying the biological availability of, and structure-
4.1 In each of two or more treatments, embryos and th%ctivity relationships between, test materials.

subsequent larvae of one species of fish are maintained in two 5.8 Results of early life-stage toxicity tests will depend on

or more test chambers ina fI_ow-through system for 28 to 12(Bemperature, composition of the dilution water, condition of the
days, depending upon species. In each of the one or mo

o test organisms, and other factors.
control treatments, the embryos and larvae are maintained in

dilution water to which no test material has been added in ordeg. Hazards
to provide @) a measure of the acceptability of the test by
giving an indication of the quality of the embryos and larvae
and the suitability of the dilution water, food, test conditions
handling procedures, etc, ang) (he basis for interpreting data
obtained from the other treatments. In each of the one or mo
other treatments, the embryos and larvae are maintained
dilution water to which a selected concentration of test materi
has been added. Specified data on the concentration of t
material and the survival and growth of the embryos and larv

6.1 Many materials can affect humans adversely if precau-
tions are inadequate. Therefore, skin contact with all test
"materials and solutions of them should be minimized by such
rmeans as wearing appropriate protective gloves (especially
When washing equipment or putting hands in test solutions),
| boratory coats, aprons, and glasses, and by using dip nets,

orceps, or tubes, to remove organisms from test solutions.
e§}:‘)ecial precautions, such as covering test chambers and
a'ialentilating the area surrounding the chambers, should be taken

2 Annual Book of ASTM Standardégl 14.02. 4 Boldface numbers in parentheses refer to the list of references at the end of this
3 Annual Book of ASTM Standardggl 11.05. guide.
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when conducting tests on volatile materials. Information on 7.2 Construction Materials—-Equipment and facilities that
toxicity to humang4), recommended handling procedu(g} come in contact with stock solutions, test solutions, or any
and chemical and physical properties of the test material shouldater into which test organisms will be placed should not
be studied before a test is begun. contain substances that can be leached or dissolved by aqueous
o . ) ) . solutions in amounts that adversely affect fish. In addition,
Note 1—Warning: Special procedures might be necessary with radio- . d faciliti h K Ut

labeled test material®) and with test materials that are, or are suspectedequ'F_)rm:"nt and facilities that Coma(?t ,St,OC SO Ut!ons or test
of being, carcinogeni€?). solutions should be chosen to minimize sorption of test

6.2 Althoudh di | of K solut lut OImaterials from water.
' though disposal of stock solutions, test solutions, an 7.2.1 Glass, Type 316 Stainless Steel, Nylon, and Fluoro-

test organisms poses no special p_roblems In Most cases, heatl:%bon Plastics—Use whenever possible to minimize dissolu-
and safety precautions and applicable regulations should t{

considered before beginning a test. Removal or degradation E)n, leaching, and sorption, except that stainless steel should

. X . : ot be used for tests on metals in salt water.
test material might be desirable before disposal of stock an - .
test solutions. 7.2.2 Concrete and Rigid PlastiesMay be used for hold-

6.3 Cleaning of equipment with a volatile solvent such aé'ng, acclimation, and culj[ure tanks and in the water-supply
acetone should be performed only in a well-ventilated area i ystem, but these materials should be soaked, preferably in

which no smoking is allowed and no open flame, such as a pil {owing dilution water, for a week or more before US§. Cast
light, is present. iIron pipe should not be used with salt water and probably

should not be used in a freshwater-supply system because
Note 2—Warning: An acidic solution should not be mixed with a colloidal iron will be added to the dilution water and strainers
hypochlorite solution because hazardous fumes might be produced. |l be needed to remove rust particles. A specially designed

6.4 To prepare dilute acid solutions, concentrated aci@ystem is usually necessary to obtain salt water from a natural
should be added to water, not vice versa. Opening a bottle ¢¥ater source (see Guide E 729). Dilution water, stock solu-
concentrated acid and adding concentrated acid to water shoufi@ns. or test solutions should not contact brass, copper, lead,
be performed only in a fume hood. galvanized metal, and natural rubber before or during the test.

6.5 Because dilution water and test solutions are usualljfems made of neoprene rubber or other materials not men-
good conductors of electricity, use of ground fault systems an§oned above should not be used unless it has been shown that
leak detectors should be considered to help avoid electricdheir use will not adversely affect either survival or growth of
shocks. Salt water is such a good conductor that protectiv@mbryos and larvae of the test species.

devices are strongly recommended. 7.3 Metering System:
7.3.1 The metering system should be designed to accom-
7. Apparatus modate the type and concentration(s) of the test material and

7.1 Facilities—Flow-through tanks should be available for the necessary flow rates of the test solutions. The system
culturing brood stock, and for holding and acclimating testShould mix the test material with the dllutloq water immedi-
organisms. The test chambers should be in a constangtely before the _vvater and the test ma.terlal enter the test
temperature area or recirculating water bath. An elevate§hambers and this system should permit the supply of the
headbox might be desirable so dilution water can be gravitySelected concentration(s) of test material in a reproducible
fed into holding, acclimation, and culture tanks, and thef@shion (see 9.3, 11.1.1, and 11.9.3.4). Various metering
metering system (see 7.3). Strainers and air traps should ¥Steéms, using different combinations of syringes, “dipping
included in the water-supply system. Headboxes and holdin%”dsy" siphons, pumps, saturators, solenoids, valve_s, etc., have
acclimation, culture, and dilution-water tanks should bed€en used successfully to control the concentrations of test
equipped for temperature control and aeration (see 8.3). Ajnaterial, and the flow rates of test solutions (see Guide E 729).
used for aeration should be free of fumes, oil, and water; filters 7.3.2 The metering system should be calibrated before the
to remove oil and water are desirable. Filtration of air throughtest by determining the flow rate through each test chamber and
a 0.22 um bacterial filter might be desirable. The facility shouldneasuring either the concentration of test material in each test
be well ventilated and free of fumes. To further reduce thechamber or the volume of solution used in each portion of the
possibility of contamination by test materials and other submetering system. The general operation of the metering system
stances (especially volatile ones) holding, acclimation, anghould be visually checked daily in the morning and afternoon
culture tanks should not be in a room in which toxicity tests ar¢hroughout the test. The metering system should be adjusted
conducted, stock solutions or test solutions are prepared, @luring the test if necessary.
equipment is cleaned. During holding, acclimation, culture, 7.3.3 The flow rate through each test chamber should be at
and testing, organisms should be shielded from disturbancédsast 5 volume additions per 24 h depending on the test species
with curtains or partitions to prevent unnecessary stress. Asee Appendix X1-Appendix X9). It is usually desirable to
timing device should be used to control the photoperiod (seeonstruct the metering system so that it can provide at least 10
Appendix X1-Appendix X9). A 15- to 30-min transition period volume additions per 24 h if desired, in casg the loading is
(8) might be desirable whenever the lights go on to reduce thaigh (see 11.5.4) o] there is rapid loss of test material due
possibility of organisms being stressed by large, suddeto microbial degradation, hydrolysis, oxidation, photolysis,
increases in light intensity. A transition period when the lightsreduction, sorption, or volatilization (see 11.4.2). At any
go off might also be desirable. particular time during the test, the flow rates through any two
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test chambers should not differ by more than 10 %. Flow rates 7.5 Cleaning—The metering system, test chambers, incuba-
through all test chambers may be equally changed simultaion cups, and equipment used to prepare and store dilution
neously during the test as long as the test temperature (s@eter, stock solutions, and test solutions should be cleaned
11.3) and concentrations of test material (see 11.9.3) remaipefore use. New items should be washed with detergent and
acceptable. rinsed with water, a water-miscible organic solvent, water, acid
7.4 Test Chambers and Incubation Cups: (such as 10 % concentrated hydrochloric acid), and washed at

7.4.1 In a toxicity test with aquatic organisms, test chamber%eaSt twice with deionized, distilled, or dilution water. (Some
o ' ts of some organic solvents might leave a film that is

are defined as the smallest physical units between which therd X . . . :
. nsoluble in water.) A dichromate-sulfuric acid cleaning solu-

are no water connections. However, screens, cups, etc., may pe / .
used to create two or more compartments within each chambefo", MY pe u.sed " placel (.)f both the organic solvent and the
Thus. test solution can flow from one compartment to anothea'C|d, but it might attack silicone adhesive. At the end of the
) - P {est, all items that are to be used again should be immediately
within a test chamber but, by definition, cannot flow from oneé

. mpti rin with water lean r r
chamber to another. Because solution can flow from on 2) emptied, () rinsed with water, ¢ cleaned by a procedure

) ropriate for removing the test material (for example, acid to
compartment to another in the same test chamber, thetempe”rép P 9 ( b

t trati f test material. and levels of path move metals and bases; detergent, organic solvent, or acti-
ure, concentration ottest material, and IevVels ol patnogens anfheq carhon to remove organic chemicals), afjdripsed at

extraneous contaminants, are likely to be more similar betweefl 5o yice with deionized, distilled, or dilution water. Acid is
compartments in the same test chamber than between compatken used to remove mineral deposits, and 200 mg of

ments in different test chamber_s in the same treatment. Charﬂ'ypochlorite/L is often used to remove organic matter and for
bers should be covered or in an enclosure to keep OUisinfection. (A solution containing about 200 mg CIDmay
extraneous contamlnants and to reduce (.avaporatl'on. of tegh prepared by adding 6 mL of liquid household chlorine
solution and test mater_lal. Also, chambers filled to within 150y e5¢h to 1 L of water.) However, hypochlorite is quite toxic to
mm of the top sometimes need to be covered to prevenjyost fisheg10) and is difficult to remove from some construc-
organisms from jumping out. All chambers (and compart-tion materials. It is often removed by soaking in a sodium
ments) in a test must be identical. thiosulfate, sodium sulfite, or sodium bisulfite solution, or by
7.4.2 Test chambers may be constructed by welding (but nautoclaving in distilled water for 20 min, or by drying the item
soldering) stainless steel, or gluing double-strength or strongend letting it sit for at least 24 h before use. An item cleaned or
window glass with clear silicone adhesive. Stoppers andlisinfected with hypochlorite should not be used unless it has
silicone adhesive sorb some organochlorine and organophobeen demonstrated at least once that unfed larvae held for at
phorus pesticides, which are then difficult to remove. Thereleast 48 h in static dilution water in which the cleaned item is
fore, as few stoppers and as little adhesive as possible shousaking, do not show more signs of stress, such as discolora-
be in contact with test solution. If extra beads of adhesive aréion, unusual behavior, or death, than do unfed larvae held in
needed for strength, they should be on the outside of chambestatic dilution water containing a similar item that was not
rather than on the inside. treated with hypochlorite. The metering system, test chambers,

7.4.3 Embryos and young fish should be exposed in g|a5§nd incubation cups should be rinsed with dilution water just
incubation cups constructed by gluing) (stainless steel or Pefore use. _ _
nylon screen bottoms to lengths of glass tubing or bottles with /-6 Acceptability— Before an early life-stage test is con-
the bottoms cut off, ort) nylon or stainless steel screen tubesducted in new test facilities, it is desirable to conduct a

(collars) to petri dishes. To ensure that test solution regularlyn@n-toxicant” test, in which all test chambers contain dilution
flows into and out of each cup, eithea) (test solution should water without added test material. Determine before the first
flow directly into the cups, o) the cups should be oscillated €St &) g\llhether fén;)rgo_s aﬂd Iarva]f: V\.'I'.”.eiurv“r']e r‘?nd ﬁrow
in the test solution by means of a rocker arm apparatus drive cc(;apta y (Sﬁe dI'. 8) int g new facilities) whether tbe

by a 1 to 6r/min electric motor, org) the water level in the test ood, water, handling procedures, etc., are accepta.)e, (
chamber should be varied by means of a self-starting siphor){‘.’he'[her there are any Iopatlon effects on ¢|ther survival or
(Clogging of the screens on cups in some treatments might ;(%Nm’tergn?ghdaﬂbgevg:g%g&des of the within-chamber and
greater than in others because of bacterial or algal growt '

caused by differences in the concentration of solvent, intensitg. Dilution Water

of light, etc. If some cups must be changed, all cups in the test g 4 Requirements:

should be changed to minimize differences in growth not g 1 gesides being available in adequate supply, the dilu-

related to the test material.) The metering system, test cham,, water shouldd) be acceptable to the test organisnin e
bers, and incubation cups should be constructed so that tesf niform quality, and ¢ except as per 8.1.4, not unneces-
organisms remain submerged and are not unacceptably stress:'eéil”y affect results of the test.

by crowding or turbulence. 8.1.2 To be acceptable to the test organisms, the dilution
7.4.4 Species-specific information on test chambers andater must allow satisfactory survival and growth of embryos

incubation cups is given in Appendix X1-Appendix X9. Use of and larvae of the test species (see 13.1.8).

excessively large volumes of solution in test chambers will 8.1.3 The quality of the dilution water should be uniform

probably unnecessarily increase the amount of dilution wateduring the test. During a test in fresh water, the range of

and test material used, and the average retention time. hardness should be less than 5 mg/L or 10 % of the average,
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whichever is higher. During a test in salt water, the range of 8.3.2 Filtration through bag, sand, sock, or depth-type

salinity should be less than 2 g/kg or 20 % of the averagecartridge filters may be used to keep the concentration of

whichever is higher. particulate matter acceptably low (see 8.1.3) and as a pretreat-
8.1.4 The dilution water should not unnecessarily affectment before ultraviolet sterilization or filtration through a finer

results of an early life-stage test because of such things dater.

sorption or complexation of test material. Therefore, except as 8.3.3 Dilution water that might be contaminated with fac-

per 8.1.5, concentrations of both total organic carbon (TOC)ltative pathogens may be passed through a properly main-

and particulate matter should be less than 5 mg/L. tained ultraviolet sterilize(18) equipped with an intensity
8.1.5 If it is desired to study the effect of an environmentalmeter and flow controls or passed through a filter with a pore

factor such as TOC, particulate matter, or dissolved oxygen ofize of 0.45 um or less.

the results of an early life-stage test, it will be necessary to use 8.3.4 Salt water from a surface water source should be

a water that is naturally or artificially high in TOC or Passed through a filter effective to 15 pm or less to remove

particulate matter or low in dissolved oxygen. If such a wateParasites and larval stages of predators.

is used, it is important that adequate analyses be performed t08-3.5 When necessary, sea salt may be added to prevent

characterize the water and that a comparable test be availaicessive decreases in salinity, (see 8.1.2), if the salt has been
or conducted in a more usual dilution water to facilitate Shown to cause no adverse effects on either survival or growth

interpretation of the results in the special water. of embryos and larvae of the test species at the concentration

8.2 Source: Usse(i- Characterization:
8.2.1 Although reconstituted water (see Guide E 729) may _* aracterization. .
be used in early life-stage toxicity tests, its use generally is not 8.4.1 The following items should be measured at least twice

practical because of the large volume that is necessary for us%?aCh year and more often if such measurements have not been

8.2.2 If a natural dilution water is used, it should be ge:ldseej.emmnnually for at least two years or if a surface water

obtained from an uncontaminated, uniform quality source. The 8.4.1.1 All Waters: pH, particulate matter, Total Organic

uality of water from a well or spring is usually more uniform g : .
?han t¥1at of water from surface F\)/vat?ar. If surfa)ée water is usegjrbon (TOC), organophosphorus pesticides, organic chlorine

as a source of fresh or salt water, the intake should b or organochlorine pesticides plus Polychlorinated Biphenyls,

z L . . . .~ (PCBSs)), chlorinated phenoxy herbicides, ammonia, cyanide,
positioned to minimize fluctuations in quality and the possi- - : : S .
bility of contamination, and to maximize the concentration Ofsulflde, bromide, fluoride, iodide, nitrate, phosphate, sulfate,

. : — calcium, magnesium, potassium, aluminum, arsenic, beryl-
dissolved oxygen to help ensure low concentrations of sulfld? : . .
and iron ium, boron, cadmium, chromium, cobalt, copper, iron, lead,

. . manganese, mercury, molybdenum, nickel, selenium, silver,
8.2.3 Chlorinated water should not be used as, or in th 9 Y y

preparation of, dilution water because residual chlorine an ngf?cz Fresh Water:hardness, alkalinity, conductivity, so-
chlorine-produced oxidants are quite toxic to many fii€  4ium and chloride. ' ' '
Dechlorinated water should be used only as a last resort 8.4’.1.3 Salt Water:salinity or chlorinity.

because dechlorination is often incomplete. Sodium bisulfite is g 4 1 4 The methods used (see 12.3) should eitiebé

probably better for dechlorinating water than sodium s“”'teaccurate and precise enough to adequately characterize the

and b(.)th are more reliable than carbo_n filters, e_speC|aIIy foEiilution water or ) have detection limits below concentrations
removing chloramine¢ll). Some organic chloramines, how- that have been shown to adversely affect {is8)
ever, react slowly with sodium bisulfitél2). In addition to '

residual chlorine, municipal drinking water often contains9. Test Material
unacceptably high concentrations of copper, lead, zinc, and g 1 General:

fluoride, and quality is often rather variable. Excessive con- g 11 The test material should be reagent-gtautebetter,

centrations of most metals can usually be removed with gpjess a test on a formulation, commercial product, or
chelating resir{13), but use of a different dilution water might tachnical-grade or use-grade material is specifically needed.
be preferable. Before a test is begun, the following should be known about

8.3 Treatment: the test material:

8.3.1 Dilution water should be aerated intensively by such 9.1.1.1 Identities and concentrations of major ingredients
means as air stones, surface aerators, or column aetathrs and major impurities, for example, impurities constituting
15) prior to addition of test material. Adequate aeration will more than about 1 % of the material,
stabilize pH, bring concentrations of dissolved oxygen and 9.1.1.2 Solubility and stability in the dilution water,
other gases into equilibrium with air, and minimize oxygen 9.1.1.3 Acute toxicity to the test species,
demand and concentrations of volatiles. The concentration of 9.1.1.4 Measured or estimated chronic toxicity to the test
dissolved oxygen in dilution water should be between 90 andpecies,

100 % of saturatiorf16) to help ensure that dissolved oxygen
concentrations are acceptable in test chambers. Supersaturativr;— _ _ _ _ o _
by dissolved gases, which might be caused by heating thghe;ﬁce;gggtcgthemmalg, American Chemical S_omety Spemflcgtlons,” American

o . . y, Washington, DC. For suggestions on the testing of reagents not
dilution water, should be avoided to prevent gas-bubble diseasgicq in the American Chemical Society, see “Analar Standards for Laboratory U.K.
(15, 17) Chemicals, BDH Ltd., Poole, Dorset, and the United States Pharmacopeia.”
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9.1.1.5 Precision and bias of the analytical method at thdife-stage test must be conducted to determine whether either

planned concentration(s) of test material, survival and growth of the test organisms is related to the
9.1.1.6 Estimate of toxicity to humans, and concentration of the solvent over the range used in the toxicity
9.1.1.7 Recommended handling procedures (see 6.1).  test, or (b) such an early life-stage test must have been
9.2 Stock Solution: conducted on the solvent using the same dilution water and test

9.2.1 In some cases the test material can be added directly &ecies. If either survival or growth is found to be related to the
the dilution water in the metering system, but usually it isconcentration of solvent, an early life-stage test with that
dissolved in a solvent to form a stock solution that is thengpecies in that water is unacceptable if any treatment contained
added to the dilution water in the metering system. If a stocky ,ncentration of solvent in that range. If neither survival nor
SO'““Q” .|s.used, the concent_ratlon and stab|||ty_ Of. the tes rowth is found to be related to the concentration of solvent, an
material in it should be determined before the beginning of th arly life-stage toxicity test with that same species in that same

test. .If the test mate_rlal IS SUbJe.Ct to photolysis, the Stoc"\/vater may contain solvent concentrations within the tested
solution should be shielded from light.

9.2.2 Except possibly for tests on hydrolyzable, oxidizable "2N9€: but the solvent control must contain the highest concen-

and reducible materials, the preferred solvent is dilution watell,ratlon of solvent present _|n any of th? qther treatments.
although filtration, or sterilization, or both, of the water might ~9-2.4.3 If the test contains both a dilution-water control and
be necessary. If the hardness (or salinity) of the dilution wate@ Solvent control, the survival and growth of the organisms in
will not be affected, deionized or distilled water may be usedthe two controls should be compared (see X10.6). If a
Several techniques have been specifically developed for préiatistically significant difference in either survival or growth is
paring aqueous stock solutions of slightly soluble materialgletected between the two controls, only the solvent control
(20). The minimum necessary amount of a strong acid or bas@ay be used for meeting the requirements of 13.1.8 and as the
may be used in the preparation of an aqueous stock solutiobasis for calculation of results. If no statistically significant
but such acid or base might affect the pH of test solutionglifference is detected, the data from both controls should be
appreciably. Use of a more soluble form of the test materialused for meeting the requirements of 13.1.8 and as the basis for
such as chloride or sulfate salts or organic amines, sodium @alculation of results.

potassium salts of phenols or organic acids, and chloride or g 2 5 |f a solvent other than water is used to prepare a stock
nitrate salts of metals, might affect the pH more than the use afq|ytion, it might be desirable to conduct simultaneous tests on
minimum necessary amounts of strong acids and bases.  {he test material using two chemically unrelated solvents or

9.2.3 If a splvent other_ than dilution water is us_ed_, Stwo different concentrations of the same solvent to obtain
concentration in test solutions should be kept to a minimum

, . ~information concerning possible effects of solvent on the

and should be low enough .that it does not affgct either S.qrv'vat{Sxicity of the test material or sensitivity of the test species.
or growth of the test organisms. Because of its low toxicity to .
aquatic animalé21), low volatility, and high ability to dissolve ~ 9-3 Test Concentration(s):
many organic chemicals, triethylene glycol is often a good 9.3.1 Ifthe testis intended to provide a good estimate of the
organic solvent for preparing stock solutions. Other water-highest concentration of test material that will not unacceptably
miscible organic solvents such as methanol, ethanol, anaffect survival or growth of the early life stages of the test
acetone may also be used, (see Note 3) but they migtspecies (see Section 14), the test concentrations (see 11.1.1.1)
stimulate undesirable growths of microorganisms. If an organishould bracket the best prediction of that concentration. Such a
solvent is used, it should be reagent gfade better and its prediction is usually based on the results of a flow-through
concentration in any test solution should not exceed 0.1 mL/Lacute toxicity test (see Guide E 729) using the same dilution
A surfactant should not be used in the preparation of a stoclater, test material, and species. If an acute-chronic ratio has
solution because it might affect the form and toxicity of the testbeen determined for the test material with a species of
material in the test solutions. (These limitations do not apply tacomparable sensitivity, the result of the acute test can be
any ingredient of a mixture, formulation, or commercial djvided by the acute-chronic ratio. Except for a few materials,
product unless an extra amount of solvent is used in th@cute-chronic ratios with sensitive species are often less than
preparation of the stock solution.) five. Thus, if no other useful information is available, the

Note 3—Warning: Acetone is also quite volatile. highest concentration of test material in an early life-stage test

9.2.4 If a solvent other than water is used) at least one is often selected to be equal to the lowest concentration that

solvent control, using solvent from the same batch used tgaused adverse effects in a comparable.ache test: )
make the stock solution, must be included in the test, &hd ( 9-3-2 In some (usually regulatory) situations, it is only
a dilution-water control should be included in the test. If nonecessary to determine whether one specific concentration of

solvent other than water is used, a dilution-water control musthe test material reduces survival or growth. For example, the
be included in the test. specific concentration might be the concentration occurring in
9.2.4.1 If the concentration of solvent is the same in all tes@ surface water, the concentration resulting from the direct
solutions that contain test material, the solvent control musé@pplication of the material to a body of water, or the solubility
contain the same concentration of solvent. limit of the material in water. When there is only interest in a
9.2.4.2 If the concentration of solvent is not the same in allspecific concentration, it is often only necessary to test that
test solutions that contain test material, eithea) (an early  concentration (see 11.1.1.2).
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10. Test Organisms for certain freshwater brood fish during the holding period

10.1 Species-Whenever possible and appropriate, testsShould be optimum for maintaining adult fish reproductively
should be conducted with species listed in Appendix X1-Nactive.
Appendix X9 mainly because these species have been usedl0-4-3 The brood stock should be cared for prop€B) so

successfully in early life-stage tests. With appropriate modifi/t IS not unnecessarily stressed. To maintain fish in good

cation of these procedures, other species can be used. UseG9dition and avoid unnecessary stress, they should not be
the species listed in the appendices is encouraged to increas@wded and should not be subjected to rapid changes in
comparability of results and availability of much information t8mperature or water quality. Fish should not be subjected to
about a few species rather than a little information about man{/'0€ than a 3°C change in water temperature in any 12-h
species. Use of a specific strain should be specified only whe€riod and preferably not more than 3°C in 72 h. The

it is of special concern. The species used should be determin&g@ncentration of dissolved oxygen should be maintained be-
using an appropriate taxonomic key. tween 60 and 100 % saturatidii6) and continuous gentle

10.2 Age—Except possibly with salmonids (see Appendix aeration is usually desirable. Supersaturation by dissolved

X1) and with Gulf toadfish (see Appendix X7), tests should bed@Ses should be avoided to prevent gas-bubble di¢&ase7)
begun with newly fertilized (uneyed) embryos24 h after ater that might be contaminated with facultative pathogens

fertilization) and must be begun with embryos less than 48 i@y Dbe passed through a properly maintained ultraviolet

after fertilization so that the exposure encompasses the earg}erlllzer (18) equipped with an intensity meter and flow
stages of organogenesis ontrols or passed through a filter with a pore size of 0.22 um

10.3 Source—All organisms in a test must be from the sameor less. The un-ionized ammonia concentration in holding and

; acclimation tanks should be less than 35 pB).
source. Gametes or embryos may be obtained frajrbrood HEIE)
fish cultured in the laboratorybf commercial, state or federal ~ Note 4—The value given is for 15°C at pH = 8.0 to 9.0. Other values
hatcheries; ord) wild populations from relatively unpolluted might be more appropriate depending on the species, temperature, and pH.

areas. Laboratory cultures of species such as fathead andig 4.4 At least once a day, brood fish should be fed a food
sheepshead minljows and Atlantic and tidewater silversidggat will support survival, growth, and reproduction (see
usually can provide at anytime of the year gametes Whosgppendix X1-Appendix X9). Analysis of the food for the test

history, age, and quality are known. Whenever salmon or troufyaterial is desirable if the material might be present in the
are to be used, gametes should be obtained from a hatchery thédyironment.

has been certified disease-free, for example, free of infectious 109.4.5 Tanks should be scraped or brushed as needed.

pancreatic necrosis, furunculosis, kidney disease, enteric reggatween use with different groups of fish, tanks should be
mouth, and whirling disease. Requirements for certificationerilized by autoclaving or by treatment with an iodop{&x)
vary from state to state and from species to species. Gametes f yith 200 mg of hypochlorite/L for 1 h, brushed well once
the other suggested species are usually obtained directly froguring the hour, and then rinsed well. Although iodophors are
wild populations (see Appendix X1-Appendix X9 for specific not very acutely toxic to fish, hypochloride is (see 7.5
methods regarding care of brood fish and obtaining gametes f%ncerning preparation and removal of hypochlorite).
testing). Importing and collecting permits might be required by 109 4.6 Brood fish should be carefully observed daily during
local and state agencies. guarantine, holding, acclimation, and culture for signs of stress,
10.4 Brood Stock: physical damage, mortality, disease, and external parasites.
10.4.1 Brood fish can be obtained from either anothebnormal, dead, and injured individuals should be discarded.
laboratory, a commercial, state, or federal hatchery, or a wildf visual examination of the behavior and external appearance
population in a relatively unpolluted area. When a brood stockndicates that they are not eating or are flashing, flipping,
is brought into the laboratory, it should be placed in a tankswimming erratically, emaciated, gasping at the surface, hy-
along with the water in which it was transported. Then theperventilating, hemorraghing, producing excessive mucus, or
water should be gradually changed to 100 % dilution wateshowing abnormal color, the cause should be determined and
over a period of 2 or more days and the temperature should hsliminated. If they show signs of disease or external parasites,
changed at a rate not to exceed 3°C within 12 h. Alsoappropriate action should be taken.
whenever brood fish are brought into a facility, they should be 10.4.7 Fish may be chemically treated to cure or prevent
quarantined for 14 days or until they appear to be disease-fregome diseases using appropriate treatments (see Guide E 729).
whichever is longer. No dip nets, brushes, other equipmenif they are severely diseased, it is often better to destroy the
organisms, or water should be transferred from a quarantinegntire lot immediately. Fish with other diseases should be
tank to any other tank without being sterilized or autoclaved indiscarded immediately, because systemic bacterial infections
distilled water. usually cannot be treated efficiently, internal parasites cannot
10.4.2 After quarantine, if mature brood fish are not to bebe removed without extensive treatment, and viral diseases
spawned immediately, it might be desirable to hold somecannot be treated. Generally, fish should not be treated during
species in aquaria equipped with temperature and photoperidte first 16 h after arrival at a facility because of possible stress
controls so that they are reproductively inactive. Fish requiringor drug treatment during collection or transportation. However,
substrates for spawning should not have substrates availableamediate treatment is necessary in some situations, such as
Water quality during this period should be equal to that oftreatment of bluegills for columnaris disease during hot
acceptable dilution water (see Section 8). Water temperatuneeather. Gametes should not be obtained from treated fish for
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at least 14 days after treatment, and, organisms except f@ecause test solution can flow from one compartment to
channel catfish embryos, must not be treated during the testanother, but not from one test chamber to another (see 7.4.1),
10.4.8 Maturation—Environmental conditions for brood the test chamber is the experimental unit. As the number of test
fish during this period should be those optimal for thechambers (that is, experimental units) per treatment increases,
production of viable gametes (see Appendix X1-Appendixthe number of degrees of freedom increases, and, therefore, the
X9). Because optimal temperatures and photoperiods for holdwidth of the confidence interval on a point estimate decreases
ing and maturation occasionally differ, changes from oneand the power of a significance test increases. With respect to
condition to another should be made gradually (see 10.4.3).factors that might affect results within test chambers and,
10.5 Handling—Embryos and fish should be handled astherefore, the results of the test, all chambers in the test should
little as possible. When handling is necessary, it should be dorise treated as similarly as possible. For example, the tempera-
gently, carefully, and quickly so that organisms are not unnecture in all test chambers should be as similar as possible unless
essarily stressed. Organisms that are injured or dropped duringe purpose of the test is to study the effect of temperature. Test
handling or that touch dry surfaces should be discardecchambers are usually arranged in one or more rows, preferably
Smooth glass tubes are best for handling embryos, whereas iy one level (tier), but they may be on two levels. Treatments
nets are best for handling fish that weigh over 0.5 g each. Suadiust be randomly assigned to individual test chamber loca-
nets are commercially available, or can be made from smalltions. A randomized block design (with each treatment being
mesh nylon netting, nylon or silk bolting cloth, plankton present in each block, which may be a row or a rectangle) is
netting, or similar knotless material. Nets coated with urethan@referable to a completely randomized design. If chambers are
resin are best for handling catfish. Equipment used to handlgn two levels, a randomized block design must be used.
fish should be sterilized between uses (see 10.4.5). Hands{1 1 3 The minimum desirable number of test chambers,
should be washed before and after handling or feeding fish. compartments, and test organisms per treatment should be

10.6 Brood stock and embryos should be analyzed for thegcyjated from4) the expected variance within test chambers,
test material if it might be present in the environment. ( b) the expected variance between test chambers in a treat-
11. Procedure ment, and €) either the maximum acceptable width of the
confidence interval on a point estimate, or the minimum

Iifference that is desired to be detectable using hypothesis
esting(26). If such calculations are not made at the beginning
the test, for each treatment (test concentration and control)

11.1 Experimental Design:

11.1.1 Decisions concerning such aspects of experiment
design as the dilution factor, number of treatments, an
numbers of test chambers (and compartments) and embry
and larvae per treatment should be based on the purpose of t re mqst be at least two test champers and e'f‘ou.gh gmbryos
test and the type of procedure that is to be used to calcula 9 result in at least 40 embryos remaining after thinning in each

results (see Section 14). One of the following two types ofireatment in which mortality is not attributable to the test
experimental design will probably be appropriate in rnostmatenal. Replicate test chambers (that is, experimental units)
. are necessary in order to allow estimation of experimental error

11.1.1.1 An early life-stage test intended to allow calcula(25)- If each concentration of test material is more than 50 %

tion of an endpoint (see Appendix X10.2) usually consists on the n(_ext higher one and if the result§ are to be analyzed ysing
one or more control treatments and a geometric series of 4£9ression analysis, fewer test organisms per concentration of
least five concentrations of test material. In the dilution-watef€St material, bl_Jt not the control treatmer_1t(s), may be_used.
or solvent control(s), or both, (see 9.2.3), embryos and |arva§ecause. of the |mp0rtanc.e of the controls in the calculation of
are exposed to dilution water to which no test material has beefSults, it might be desirable to use more test chambers,
added. Except for the control(s) and the highest concentratiolfompPartments, and embryos for the control treatment(s) than
each concentration should be at least 50 % of the next highdP" €ach of the other treatments.

one, unless information concerning the concentration-effect 11.2 Dissolved Oxyges The concentration of dissolved
curve indicates that a different dilution factor is more appro-0xygen in each test chamber should be between 60 and 100 %
priate. At a dilution factor of 0.5, five properly chosen Of saturation(17) at all times during the test, and the time-
concentrations are a reasonable compromise between cost afighted average measured concentration in each test chamber

the risk of all concentrations being either too high or too low.at the end of the test must be between 60 and 100 % of
If the estimate of chronic toxicity is particularly nebulous (seesaturation. Because results are based on measured rather than

9.3.1), six or seven concentrations might be desirable. calculated concentrations of test material, some loss of test
11.1.1.2 If it is only necessary to determine whether amaterial by aeration is not necessarily detrimental and test
specific concentration causes adverse effects on survival gelutions may be aerated gently. Turbulence, however, should
growth (see 9.3.2), only that concentration and the control(spe avoided because it might stress test organisms, resuspend
are necessary. Two additional concentrations at about one-hdffical matter, and greatly increase volatilization. Because aera-
and two times the Specific concentration of concern aréion readily occurs at the surface, efficient aeration can be
desirable to increase confidence in the results. achieved with minimum turbulence by using an air lift to
11.1.2 The primary focus of the physical and experimentafransfer solution from the bottom to the surface. Aeration
design of the test and the statistical analysis of the data is thghould be the same in all test chambers, including the con-
experimental unit, which is defined as the smallest physicalrol(s), at any particular time during the test.
entity to which treatments can be independently assi¢pg}l 11.3 Temperature:
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11.3.1 Test temperature depends upon the species used (sa®l control survival, other species, certain seasons, and nec-
Appendix X1-Appendix X9). Other temperatures may be usedssary procedures may provide less than optimum fertilization
to study the effect of temperature on survival and growth ofand survival under control conditions; this can occur even with
embryos and larvae of the test species, or to study the effect state-of-the-art practices.
temperature on the results of an early life-stage test on the test11.5.1.1 Because of the uncertainties of fertilization suc-
material. cess, control survival, and to provide an adequate number of

11.3.2 For each individual test chamber in which temperaerganisms for a statistically valid test, it is often necessary to
ture is measured, the time-weighted average measured temegin a test with numbers of eggs or embryos greater than the
perature at the end of the test should be within 1°C of theaumber of fry needed.
selected test temperature. The difference between the highest11.5.1.2 Where fertilization is the area of uncertainty, a
and lowest time-weighted averages for the individual testarge number of eggs can be started in each test chamber and
chambers must not be greater than 1°C. Each individuahen randomly thinned to a desired number of embryos within
measured temperature must be within 3°C of the mean of theach test chamber at such time as noticeable embryonic
time-weighted averages. Whenever temperature is measur@évelopment, and the handling of the embryos will not damage
concurrently in more than one test chamber, the highest anghem. This procedure is possible with salmonids, northern pike,
lowest temperatures must not differ by more than 2°C. fathead minnow, white sucker, and bluegill.

11.4 Beginning the Test: 11.5.1.3 Thinning of embryos is impractical with channel

11.4.1 After test solutions have been flowing through thecatfish and is unnecessary with gulf toadfish, sheepshead
chambers long enough that the concentration(s) of test materialinnows, and silversides because fertilization success is not an
have probably reached steady state, two sets of water samplasea of uncertainty. Therefore, thinning of these species to
should be taken at least 24 h apart. The analyses should verifiesired numbers should be done with newly hatched fry.
that the concentration(s) of test material have reached steady11.5.1.4 Regardless of when thinning occurs, percent sur-
state before embryos are placed in test chambers. vival from the start of the test to the time of thinning must be

11.4.2 The measured concentration of test material in eachoted. Overall test survival for each test chamber is calculated
treatment should be no more than 30 % higher or lower than itas the product of percent survival to the time of thinning times
nominal concentration. If the difference is more than 30 %, thepercent survival from thinning through the end of the test.
cause should be identified. Measurement of the concentration11.5.2 It is best to determine the maximum number of
of test material in the solution flowing into the test Chamberorganisms that can be in each test cup or test chamber without
will indicate whether the cause is in the metering system or tesfausing a reduction in growth due to crowding (loading) and
chamber. If the concentration in the test chamber is too highreducing to a number lower than the maximum at thinning.
the stock solution might have been prepared incorrectly or thghis maximum number would have to be determined for the
metering system might not have been calibrated correctly. I§pecies, temperature, flow rate, chamber or cup size, food,
the concentration is too low, additional possible causes arfeeding regime, etc. used in the test.
microbial degradation, hydrolysis, oxidation, photolysis, re- 1153 |n some apparatus designs (for example, incubation
duction, sorption, volatilization, and a faster flow rate iscyps) several groups of embryos or larvae are held separately
probably desirable (see 7.3.3). Measurement of degradatiqiithin a test chamber. Because these groups are not considered

and reaction products is also desirable (see 11.9.3.2). a5 separate treatment replicates, it is permissible to transfer
11.4.3 The test begins when embryos (or gametes) are firgrganisms among such groups within a test chamber in order to
placed in test solution. achieve the desired number of organisms in each test chamber

11.4.4 A representative sample of embryos must be eithesind have reasonably even distribution of organisms among
(a) impartially distributed among the cups by adding to eachgroups. It is never permissible to transfer organisms from one
cup no more than 20 % of the number of embryos to be placetkst chamber to another because this would violate the statis-
in each cup and repeating the process until each cup contaitisal assumption of independence of test chambers, a necessary
the desired number of embryos, db) (assigned either by assumption of both regression analysis and hypothesis testing.
random assignment of one embryo to each cup, random 11.5.4 The number of embryos or fry left in each test
assignment of a second embryo to each cup etc., or by totghamber after thinning should not be so high that the larvae
randomization. It might be convenient to assign embryos tqyill be crowded in the test chamber at the end of the test if they
cups in dilution water and then randomly assign the cups to thg|| survive and grow acceptably. Thus the number should be

test chambers. determined based on the expected size of the larvae at the end
11.4.5 The embryonic stage at the beginning of the exposuref the test, the volume of solution in the test chamber, and the

should be determined as precisely as posqibie. flow rate of test solution through the test chamber. Generally,
11.5 Thinning: at the end of the test, the loading (grams of organisms; wet

11.5.1 Successful fertilization and survival through hatchingveight; blotted dry) in each test chamber should not exceed 0.5
and larval development can vary widely among species an@/L of solution passing through the chamber in 24 h and should
among various batches of eggs and sperm. Although it igot exceed 5 g/L of solution in the chamber at any time.
desirable to have test organisms in which fertilization and 11.6 Feeding—Recommended food, ration, and method and
control survival are 100 %, such success is rarely achievablérequency of feeding larvae are contained in Appendix X1-
Although some species usually provide very good fertilizationAppendix X9. Larvae of most test species grow acceptably on
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good quality live brine shrimp nauplii (see Practice E 1203). 11.8.7 All organisms used in a test should be destroyed at
The food used should be analyzed for the test material if ithe end of the test.
might be present in the environment. 11.9 Other Measurements:

11.7 Duration of Test- The test begins when embryos (or  11.9.1 Water Quality— If a freshwater dilution water is
gametes) are first placed in test solution (Day 0) and continuegsed, its hardness, alkalinity, conductivity, and pH should be
for the minimum duration specified in the pertinent appendixmeasured at the beginning and end of the test and at least
The test should be extended, however, if previously unaffectegieekly in the control treatment(s). If a saltwater dilution water
fish are adversely affected near the intended end of the testis used, its salinity (or chlorinity) should be measured at least

11.8 Biological Data: daily, and pH should be measured at the beginning and end of

11.8.1 Unfertilized eggs and dead embryos are often disthe test and at least weekly in the control treatment(s).
cerned from living embryos by a change in coloration orAlkalinity (in fresh water only) and pH should also be
opacity. In embryos of some species, heartbeat and movememeasured in the highest test concentration at least once to
can be seen through the chorion. For non-salmonid specieggtermine whether these are affected by the test material. The
death of embryos should be recorded daily and dead embryagissolved oxygen concentration must be measured in at least
removed when discovered to prevent the spread of fungaine test chamber in each treatment containing live test organ-
infection. For salmonid species, dead embryos in the pre-eyedms @) at the beginning and end of the test and at least weekly
stage should be removed at intervals dependent upon thiuring the test,lf) whenever there is an interruption of the flow
species (Appendix X1), age of the embryo, extent of embry®f test solution, andd) whenever the behavior of the test
mortality, and severity of any resultant fungal infection. organisms indicates that the dissolved oxygen concentration
Extreme care should be used when removing dead salmonidight be too low. If a measured dissolved oxygen concentra-
embryos because healthy embryos are very sensitive to distufen is less than 60 % of saturation, corrective action should be
bance and might be damaged. taken and measurements must be performed at least daily until

11.8.2 When hatching commences, the number of embryo@0 % is reached. Weekly determinations of un-ionized ammo-
hatched and the number of physically abnormal fish (omia, particulate matter, TOC (or chemical oxygen demand
embryos) in each incubation cup should be recorded daily. ACOD) in fresh water) and total dissolved gas are desirable.
written or photographic record of all deformed larvae should be 11.9.2 Temperature- Throughout the test in at least one test
kept throughout the entire post-hatch exposure. chamber, either temperature must be measured or monitored at

11.8.3 Fish should be observed daily; dead young fisheast hourly or the maximum and minimum temperatures must
should be counted, recorded, and removed when observed. The measured daily. In addition, near the beginning, middle, and
criteria for death of young fish are usually immobility (espe-€end of the test, temperature must be measured as concurrently
cially absence of respiratory movement in older individuals)as possible in all test chambers.
and lack of reaction to gentle prodding. 11.9.3 Test Material:

11.8.4 At the end of the test, all surviving fish must be 11.9.3.1 The concentration of test material in each treatment
weighed as specified (see pertinent Appendix). Individuaimust be measured frequently enough during the test to estab-
weight of each fish is preferred, but if fish are especially smalllish its average and variability. If the test material is an
they may be weighed in groups. Dry weights (dried at 60°C forundefined mixture, such as a leachate or complex effluent,
24 to 48 h or to constant weight) are preferable to wet weightslirect measurement is probably not possible or practical.
(blotted dry) especially if the fish are edematous. MeasureConcentrations of such test materials will probably have to be
ments of individual lengths (to the nearest 0.5 mm) is optionalmonitored by such indirect means as turbidity or by measure-
Either standard, fork or total length may be measured. Howment of one or more components.
ever, if caudal fin rot or fin erosion occurs, standard lengths 11.9.3.2 The concentration of test material must be mea-
should be measured. It might be desirable to determine the sizgired at least weekly in each treatment, including the con-
of fish that die during the test. trol(s), in which live test organisms are present. If a malfunc-

11.8.5 Fish should be carefully observed regularly duringion that could alter the concentration of the test material
the test for abnormal development and abberant behavior, sudtcurs in the metering system, water samples must be taken
as inability to maintain position in the water column, uncoor-immediately from affected test chambers and analyzed as soon
dinated swimming, and cessation of feeding. Although develas possible. If the test organisms are probably being exposed to
opmental and behavioral effects are often difficult to quantifysubstantial concentrations of one or more impurities, degrada-
and might not provide suitable endpoints, they might be usefution, or reaction products (see 11.4.2), measurement of the
for interpreting effects on survival and growth and for decidingimpurities and product is desirable.
whether the test should be extended beyond the minimum 11.9.3.3 If the test material is uniformly dispersed through-
duration (see 11.7). out the test chamber, water samples should be taken by

11.8.6 Morphological examination of fish alive at the end ofpipetting or siphoning through glass or fluorocarbon plastic
the test in each treatment, before they are dried, might baibing from a point midway between the top, bottom, and sides
desirable(28). Biological and histological examination and of the test chamber and should not include any surface scum or
measurement of test material in exposed fish will probably nomaterial stirred up from the bottom or sides. If test material
be possible unless additional embryos and larvae are exposetght be lost due to sorption onto the walls of the sample
specifically for such purposes. container, the container and siphon or pipette should be rinsed

10
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with test solution before collecting the sample. Water samplethat if, for example, temperature was measured numerous

should be collected directly into appropriate-sized containerimes, a deviation of more than 3°C (see 13.1.12) in any one

from which the test material can be extracted or analyzeaneasurement might be inconsequential. However, if tempera-

directly. If the test material is not uniformly dispersed in theture was measured only a minimal number of times, one

test chamber, it may be desirable to collect and analyzeéeviation of more than 3°C might indicate that more deviations

additional water samples from selected areas of the chamber(spuld have been found if temperature had been measured more

to further characterize the exposure. Analysis of additionabften.

samples after filtration or centrifugation to determine the 13.1.1 All chambers (and compartments) were not identical.

percentage of test material that is not dissolved or is associated13.1.2 Treatments were not randomly assigned to test cham-

with particulate matter is desirable, especially if the concenber locations.

tration of particulate matter present in the test solution is 13.1.3 A required dilution-water control or solvent control

greater than 5 mg/L. was not included in the test or, if the concentration of solvent
11.9.3.4 In each treatment, the measured concentration @fas not the same in all treatments, the concentration of solvent

test material must not be less than 50 % of the time-weighteth the range used affected survival or growth of the test

average measured concentration for more than 10 % of therganisms (see 9.2.4.2, 10.4, and 10.6).

duration of the test. In addition, the measured concentration 13.1.4 The test was started using organisms older than

must not be greater than 30 % higher than the averagspecified in the appendix for the test species.

concentration for more than 5 % of the duration of the test. The 13.1.5 The test organisms were not impartially or randomly

variability of both the sampling and analytical proceduresassigned to test chambers or compartments.

should be determined before the beginning of the test to 13.1.6 The test was terminated before the duration specified

determine how many samples should be taken and analysésthe appropriate appendix for the test species.

performed at each sampling point to ensure that these require-13.1.7 Data on survival and growth were not obtained as

ments are not violated just because of sampling or analyticapecified in 11.8.1, 11.8.2, and 11.8.4.

variability. 13.1.8 The control organisms did not survive or grow as

) specified in the appendix for the test species.

12. Analytical Methodology 13.1.9 Temperature, dissolved oxygen, and concentration of
12.1 The methods used to analyze water samples for tegést material were not measured as specified in 11.9.

material might determine the usefulness of the test results 13.1.10 The time-weighted average-measured dissolved-

because all results are based on measured concentrations. le&ygen concentration at the end of the test for any test chamber

example, if the analytical method measures any impurities owas not between 60 and 100 % of saturation.

reaction or degradation products along with the parent test 13.1.11 The difference between the time-weighted average

material, results can be calculated only for the whole group ofeasured temperatures for any two test chambers was more

materials, and not for the parent material by itself, unless it ishan 1°C.

demonstrated that such impurities and products are not present.13.1.12 Any individual measured temperature in any test
12.2 If samples of dilution water, stock solutions, or testchamber was more than 3°C different from the mean of the

solutions cannot be analyzed immediately, they should b&me-weighted average measured temperatures for the indi-

handled and stored appropriat€®9) to minimize loss of test  vidual test chambers.

material by such things as microbial degradation, hydrolysis, 13.1.13 At any one time, the difference between the mea-

oxidation, photolysis, reduction, sorption, and volatilization. sured temperatures in any two test chambers was more than
12.3 Chemical and physical data should be obtained using°C.

appropriate ASTM standards whenever possible. For those 13.1.14 The measured concentration of test material in any

measurements for which ASTM standards do not exist or areeatment was less than 50 % of the time-weighted average

not sensitive enough, methods should be obtained from otheneasured concentration for more than 10 % of the duration of

reliable source¢30). The concentration of un-ionized ammo- the test.

nia may be calculated from the pH, temperature, and concen- 13.1.15 The measured concentration of test material in any

tration of total ammonig31). treatment was more than 30 % higher than the time-weighted
12.4 Methods used to analyze food (see 10.4.4 and 11.6) @verage concentration for more than 5 % of the duration of the

fish (see 10.6 and 11.8.6) should be obtained from appropriatest.

sourcey32). 13.2 An assessment should be made of the significance of
12.5 The precision and bias of each analytical method usethe concentration of test material in fish and in the water in the

should be determined in an appropriate matrix, for example, iwontrol treatment(s), in the food, and in the brood stock.

water samples from culture tanks or control test chambers, in )

food, and in test organisms. When appropriate, reagent blanks4: Calculation of Results

recoveries, and standards should be included whenever14.1 The primary data to be analyzed from an early life-

samples are analyzed. stage test are those oa) (survival in each treatment (may be
. analyzed as embryo survival, fry survival, and overall sur-
13. Acceptability of Test vival), (b) weight of the survivors in each treatment, anptte

13.1 An early life-stage test should usually be consideredoncentration of test material in the test solutions in each
unacceptable if one or more of the following occurred, exceptreatment.

11
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14.2 The variety of procedures that can be used to calculatolution in the chambers, number of organisms and test
results of early life-stage tests can be divided into twochambers (and compartments) per treatment, procedure used
categories: those that test hypotheses, and those that provifte thinning, loading and lighting, a description of the metering
point estimates. No procedure should be used without carefdystem, and the flow rate as volume additions per 24 h.
consideration of & the advantages and disadvantages of 15.1.6 Source and composition of food, concentrations of
various alternative procedures arj éppropriate preliminary test material and other contaminants, feeding methods, fre-
tests, such as those for outliers and for heterogeneity. Thguency, and ration.
calculation procedure(s) and interpretation of results should be 15.1.7 Range and time-weighted average measured concen-
appropriate to the experimental design (see 11.1). The majaration of dissolved oxygen (as % of saturation) for each
alternative procedures and points to be considered whefieatment and a description of any aeration performed on test
selecting and using procedures for calculating results of earlgolutions before or during the test.

life-stage tests are discussed in Appendix X10. 15.1.8 Range and time-weighted average measured test
: temperature and the methods of measuring or monitoring or
15. Documentation both

~15.1 The record of the results of an acceptable early 151.9 Schedule for obtaining samples of test solutions and

life-stage test should include the following information either methods used to obtain, prepare, and store them.

directly or by reference to available documents: ~15.1.10 Methods used for, and results (with standard devia-
15.1.1 Name of test and investigator(s), name and locatiofjons or confidence limits) of, chemical analyses of water

of laboratory, and dates of initiation and termination of test. quality and concentration of test material, impurities, and

~15.1.2 Source of test material, its lot number, compositionegaction and degradation products, including validation studies

(identities and concentrations of major ingredients and majog,q reagent blanks.

impurities), known chemical and physical properties, and the 15 1 11 A table of data on survival and growth of the test

identity and concentration(s) of any solvent used. organisms in each test chamber (and compartment) in each

_ 15.1.3 Source of the dilution water, its chemical characteryqatment, including the control(s), in sufficient detail to allow
istics, a description of any pretreatment, and results of a”}ﬁdependent statistical analyses.

demonstration of the ability of a species to survive, grow and
reproduce in the water.

15.1.4 Source, history and age of test organisms, scientifi
name (and strain for salmonids when appropriate), name of
person who identified the organisms and the taxonomic key
used, history, and age; if a brood stock was used, observe
diseases, disease treatments, holding, acclimation, and cult
procedures (if appropriate), number of males and females or
number of nests and substrates used if natural spawning wil
used. If hormonal injections were used, report the number ofesults.
males and females used as well as type of hormone and
frequency and timing of injections. 16. Keywords

15.1.5 Description of the experimental design and test 16.1 aquatic; chronic toxicity; culture techniques; early
chambers (and compartments), the depth and volume dife-history; Morone saxatilis striped bass

15.1.12 Methods used for, and results of, statistical analyses
of data.

€15.1.13 Summary of general observations on other effects.
15.1.14 Results of all associated acute toxicity tests.
15.1.15 Anything unusual about the test, any deviation from
ese procedures, and any other relevant information.

15.2 Published reports should include enough information
clearly identify the procedures used and the quality of the

APPENDIXES
(Nonmandatory Information)

X1. SALMON, TROUT, AND CHAR

X1.1 Obtaining Embryos-Embryos of salmon@ncorhyn-  gametes, and embryos obtained from outside facilities. This
chussp.), trout Galmosp.) and char Salvelinussp.) can be information should include the strain or geographic race of the
obtained in several ways:d) collecting ripe wild fish at the brood stock, number of males and females used, age, and their
time of spawning and taking the amount of eggs and semefecent temperature, feeding and disease history.

required; b) procuring gametes or embryos from brood stock  x3 1.1 Removal of eggs usually is preceded by killing
resident at or returning to public or private hatcheries;®r (' saimon or by anesthetizing trout or char in about 100 mg
providing fish with the proper conditions for spawning in the MS-222/L (36). Stripping of eggs from live fish should be
laboratory. The latter procedure has been used successfully fgpnducted by experienced personnel. Eggs are forced from the
brook trout( 33, 34) but gametes and embryos of other speciesyent by manual or air pressure techniques. The air pressure
are usually obtained from hatcheries. The investigator shoultechnique, although requiring two persons, is the preferred
obtain and report all pertinent data regarding brood stockmethod because the possibility of damaging eggs and the
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anesthetized brood fish is reduced. One person holds thaf air. Unfertilized eggs may be chilled on ice. Using a 0.75 %
female fish diagonally, with the vent pointed down, over a(water/volume) saline solution when mixing the eggs and
round-bottom receiving vessel and the other inserts an 18 to 28emen may facilitate fertilization and reduce egg rupturing
gauge needle into the body cavity posterior to the pectoral fing35).

and along the median ventral line. The body of the fish should X1.1.7 Itis preferable to begin tests with embryos within 96
be gently dried with a towel prior to inserting the needle toh of fertilization. Tests may be begun with older embryos if the
prevent any water from dripping into the receiving vessel.embryos are in the test chambers for at least seven days before
Avoid inserting the needle so deeply that internal organs arbatching. Because few data are available comparing results of
damaged (usually1.3 cm is satisfactory); inserting the needle tests begun with newly fertilized embryos and eyed embryos,
at an angle of about 30° to the ventral surface of the fish anavhenever an early life-stage test is begun with newly fertilized
in an anterior direction will greatly reduce the chance ofembryos, it might be desirable to begin a simultaneous com-
damaging the internal organs. The needle is connected to arable test with eyed embryos.

regulated air supply at 13.8 to 20.7 MPa (2 to 3 psi), and the air
pressure forces all loose eggs out the vent into the receivin
vessel. The fish holder can gently shake the brood fish t
facilitate the expulsion of ripe eggs.

X1.1.2 Ripe female salmon are usually killed with a blow to

X1.2 Early Life-Stage Toxicity Testincubation cups
hould be of sufficient size that embryos are not stacked upon
each other. This allows easy removal of dead embryos with
minimal chance of disturbing remaining embryos. Cups can
. ' -~ hold one to three embryos per émlepending on embryo size.
the _head an_d bled by slashing the cauqlal ped.“”‘?'? or SIIttIngixty embryos per treatment are recommended at the beginning
the isthmus just anterior to the pectoral fins. An incision is therbf the test. Embryos should be incubated at 10°C (except lake
made along the median ventral line from the vent to near th‘frout at 7°C) under dim incandescent lightingZ0 fc) or total
) []j]arkness(335), although eggs and embryos may be inspected
mucus and bIOOdj Only Iopse €99s which fall frgely from the aily with a flashlight or brighter incandescent or fluorescent
incision are taken; eggs still adhering to the ovaries should n ource. Embryos must not be subjected to prolonged exposure

be taken(35). to direct sunlight, fluorescent lighting, or high intensity incan-
X1.1.3 Eggs from at least three females should be comgescent lighting.

pletely mixed and then fertilized with sperm from at least three . . . .
males. The embryos (fertilized eggs) from all brood fish should X1.2.1 The time required for hatching depends on species,

; . ! size, and water temperature. At 10°C, hatching occurs by
be completely mixed to ensure randomness prior to allocatin 99 )
embryos to test chambers. Brood fish should not be fed 48 bout 52 days for coh(87), 56 days for chinook3s), 41 days

. . . or brown trout(35), 44 days for brook trouf39), and 31 days
Sggtrrc:%t?sl?irr:gl ?r%%? to allow them to evacuate their IOWerfor rainbow trout(35). Lake trout hatch in about 72 days at 7°C

. 5).

X1.1.4 Maje salmon, trout, and char can be anest_hesme X1.2.2 Jarring, moving, or otherwise shocking embryos
with a solution of about 100 mg MS-222/L to facilitate ghq,1q pe avoided during incubation, especially during the
handling. Semen is collected by applying slight but firm gonqitive pre-eyed stage. The sensitive period for handling

pressure to the sides of a ripe male while aiming the vent at g, saimon and steelhead trout embryos occurs from about 7
be_aker.or directly onto the eggs. The male shoqld be gentl)ﬁays to the eyed stage at 16 days after fertilizat{6).
dried with a towel to help prevent water from dripping onto the gyacific data for other species are not available and it is

eggs or into the semen collecting beaker. Semen can also R ngly recommended that salmonid embryos not be disturbed

collected with a "dual-tube suction apparat(88). Semen can g ring the pre-eyed stage except for the very gentle removal of
be held on ice if collected prior to egg taking. Eggs and semef} ¢artije eggs and dead embryos.

should not be exposed to water before fertilization. Tests with v 5 3 |nfertile eggs, dead embryos, and dead alevins

coho salmon and steelhead trout indicate that fertility exceedihomd be recorded and carefully removed with a pipette whose
90 % when at least 0.25 mL of semen is used per 50 mL 0f,re glightly exceeds the egg diameter. Stage of development

eggs. Eggs and semen should be gently and thoroughly mixeg ahsence of development can be determined after clearing the
to ensure maximum fertilization. Enough water to cover the, gs in an appropriate clearing agent such as Stockard's

eggs may be added after mixing eggs and semen. Eggs, semefly;tion (an 85:6:5:4 mixture of water, glycerin, formalin, and
and water should sit for two to five minutes after mixing and g acia| acetic acid). Periodically, unfertilized eggs and extra
then the semen, broken eggs, and any blood clots should K& ntro] embryos can be cleared for comparison of develop-

rinsed from the eggs. ment. If more than about a third of the embryos in the control
X1.1.5 Embryos may be shipped, but they can be killed bytreatment die within the first 48 h of the test, it will usually be
rough handling. Eggs should be water hardened for one h prigfost-effective to restart the test because the chances for a
to shipping and kept at cool temperatures, generally less thagyccessful test are small. In addition, if concentration-related
10°C(35). Severe jolts should be avoided and the eggs shouldifects occur in the first 48 h, it will probably be cost-effective
not be packed too deeply. If the shipping period exceeds a fewy restart the test because all of the concentrations will
h, it is advisable to pack the eggs with ice (made fromprobably cause adverse effects during the test.
unchlorinated water). X1.2.4 In actual practice=80 % survival of control em-
X1.1.6 Unfertilized eggs and semen can be transported for bryos from fertilization to hatching is frequently achieved
period of 24 h after stripping if they are kept in plastic bags freewhen gametes are obtained by experienced personnel, embryos
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are maintained under controlled conditions, and tests are d) mean control fish weight can be estimated by: 1)
initiated within a few h after the fish are stripped. However, aperiodic destructive sampling of several control fish; 2) peri-
number of factors such as age and condition of brood stoclqdic nondestructive sampling of five to ten control fish; or 3)
methods used, time elapsed in transporting gametes prior &stimation of control fish weight based on historic growth rate,
fertilization, and handling and transport of embryos can causéod conversion efficiency, and water temperature data.
considerably lower survival of embryos, particularly during the 2) An alternative to weighing or growth rate estimation is to
pre-eyed stage. Therefore, when the eyed stage is first discerfeed a constant amount of food per fish throughout the required
ible, all dead embryos should be counted and discarded. At thi30 days of feeding; this is acceptable only if the initial ration
time, surviving embryos should be randomly thinned to theis sufficiently high (>8 %). In effect, the initial feeding level of
desired number per treatment (see 11.5). 8 % gradually decreases to about 2 % by 30 days, as the fish
X1.2.5 Alevins should be counted and released to the largaetouble in weight approximately every 2 weeks. If this proce-
exposure chamber at swim-up. Post swim-up alevins should bdure is used, feed >8 % of the mean weight of the water-
fed ad libitum at least four times daily (two times daily over hardened embryos at the start of the test. This weight approxi-
weekends is acceptable) with live brine shrimp nauplii or amates the weight of the swim-up stage alevin (minus yolk).
starter-grade commercial salmon or trout food or both. Gener- X1.2.6 Salmonids do not normally feed prior to swim-up
ally, moist diets are more palatable than dry diets at this stagand a delay in swim-up may be a result of the experimental
of development. If desired, food size or quantity or both mayvariable. When the first group of fish (usually controls) attains
be increased during the test on the basis of average fish sizewim-up and feeding begins, food should be offered daily to
Excessive quantities of uneaten food and feces should not Hish in all treatments to determine their readiness to feed. The
allowed to accumulate and should be carefully siphoned fronfish should not be fed during the 24 h preceding termination of
the test aquaria at least twice a week. Although many procehe test.
dures have been used for feeding fish in toxicity tests in which X1.2.7 Mortalities and abnormalities should be recorded
growth is measured, the following are recommended for earlyluring the hatching period. The monitoring of mortalities may

life-stage tests with salmonids: be coordinated with the feeding schedule after hatching is
1) feed at a relatively high rate, such as >4 % food (drycomplete and the experimental fish reach swim-up. The test
weight)/fish (wet weight)/day: should last at least 30 days post swim-up. At termination,

a) base the ration for each test chamber on the product ofeight of all survivors should be determined (weight to the
the mean weight of control fish and the number of fish in thenearest 0.01 g); measurement of standard length (to the nearest
test chamber; this provides a constant ration per individual fist0.5 mm) may be desirable. If edema is a possible toxicant

b) if appropriate for the diet, it is convenient to weigh out effect, both wet and dry weights (dried at 60°C for 24 h) should
a week’s ration for each chamber and simply estimate dailype determined.

feeding allotments. X1.2.8 An early life-stage test with a salmon, trout, or char
c¢) adjust ration quantity at least weekly for fish numbersis unacceptable if survival of the controls is less than 70 %
and at least semi-monthly for fish weight. from thinning of the embryos (see 11.5) to test termination.

X2. NORTHERN PIKE

X2.1 Obtaining Embryos-Gametes of northern piksox  fish’s side, placed in a double layer of clean cheesecloth, and
lucius) must be obtained from wild adults collected in the field squeezed to extrude milt. Care should be taken to avoid
at their spawning time. Several states, such as Minnesotgpntaminating the sperm with urine, which severely reduces
conduct collection programs soon after “ice-out” in the springviability. Sperm collected in this manner can be stored under
and might help in obtaining embryos for experimental pur-refrigeration for up to five days. This and a non-destructive
poses. Adults should be held in suitably large tanks that argperm collection procedure are described by Sorenson et al.
covered to minimize disturbance and to prevent fish from41).
jumping out. Adults are generally quiescent unless disturbed. y5 1 3 Eggs from at least three females should be combined

X2.1.1 Egg viability is increased by acclimating adults to and dry-fertilized by gentle but thorough mixing with milt from
12°C for at least 24 h before they are stripped. This temperaat least three males for three minutes. Then about 170 mL of
ture is near the optimum for normal hat@0). Females should water should be added and stirred for three more minutes.
be checked for ripeness daily by exerting pressure on their
abdomen in an anterior to posterior direction with fish held X2.2 Early Life-Stage Toxicity TestEarly life-stage tests
vertically. Injection of hormones usually is not necessary.  with northern pike should begin three to four min after

X2.1.2 Sperm collection is somewhat difficult in the case offertilization and must begin within 48 h after fertilization. After
escocidae and is best accomplished by sacrificing the fish. Aistribution of embryos to the incubation cups, they should
few drops of milt should be obtained by stroking the belly of remain motionless for four h. A rocker arm apparatus driven by
prospective males. After microscopic confirmation of sperma slow speed motor assemk§2) should be used to slowly
viability (motility), the chosen fish are then heavily anesthe-oscillate the incubation cups. However, mortality will occur if
tized or killed, the testes removed through a long incision in theembryos are jostled or rolled. The test begins when the
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embryos are distributed to the incubation cups and is termi- X2.2.3 Dead fish should be removed and recorded when
nated 32 days later. During the test, the temperature should lmserved. Hatched fish should be counted at least during the
held at 15+ 1°C and 16 h photoperiod. transfer from the incubation cups to the test chambers and on

days 18, 25, and 32, after the beginning of the test. Fish that are

i Xf.Z.ltThi'ter?t sr:]oullotlj Ee staréed vlvnft\habouét‘i[o ethmbrdyos.p risibly (without the use of a dissecting scope or magnifying
reatment, which should be randomly thinned 1o the desire iewer) lethargic and grossly abnormal in either swimming

number per treatment at 48 h, after removal of dead an - .
' ehavior or physical appearance should also be counted.
fungused embryos (see 11.5). If more than about a third of the Py PP

48 h of the test because they are dead or heavily fungused, |
will usually be cost-effective to restart the test because thga”y in order to maintain an excess of live food in growth

chances for a successful test are small. In addition, ithambers. This is especially important toward the end of the

concentration-related effects on embryos occur in the first 48 gt period because northern pike become increasingly canni-
it will probably be cost-effective to restart the test because alhy)istic if live brine shrimp nauplii are not available.

of the concentrations are likely to cause adverse effects during x> 5 5 Fish should not be fed for the last 24 h prior to

the test. termination on day 32. At termination, the weight of each
X2.2.2 Hatching will occur in about 6 days at 15°C. Larvaesurviving fish should be determined. If the fish exposed to test
should be retained in the incubation cups until day ten and thematerial appear to be edematous compared to control fish, both
counted and transferred to growth chambers. Live larvae thairy weight (dried at 60°C for 24 h) and wet weight of all live
are visibly (without the use of a dissecting scope or magnifyindish should be determined.
viewer) lethargic or grossly abnormal in either swimming X2.2.6 An early life-stage test with northern pike is unac-
behavior or physical appearance may be counted, but must nogptable if &) the average survival of the controls from 48 h to
be discarded. The day hatching begins and ends in each c@2 days is less than 70 %; ob)(survival in any control
should be recorded. chamber from 48 h to 32 days is less than 60 %.

X3. FATHEAD MINNOW

X3.1 Obtaining Embryos-Embryos of the fathead min- then be combined. It is preferable to test single embryos with
now (Pimephales promelaghay be obtained from a brood no fungus or partial shells attached, although embryos with
stock maintained in a pond when the water temperature ipartial shells and clumps of two or three embryos (with or
above 22°C, but culture in the laboratory is usually preferablavithout separation) have been used successfully.
because embryos can be available throughout the year and are
less likely to be diseased. If brood stock are obtained as X3.2 Early Life-Stage Toxicity TestEarly life-stage tests
embryos, they can develop into sexually mature fish in 3 to Gvith fathead minnows should be conducted at 25°C with a 16-h
months when maintained at 25°C, dissolved oxygen concerphotoperiod and last at least 28 days duration beyond the mean
trations of between 75 and 100 % saturation, flow rate of 2 tqlay to hatch of the controls. Several test chambers have been
10 water volume additions per 24 h, and a 16-h photoperiodused routinely, including:a) Twenty fish have been tested in a
Live brine shrimp Artemiasp) nauplli=24-h old are accept- chamber that is 160 by 440 by 180 mm deep with a 160 by 180
able food for 2 to 30-day old fathead minnows; fish over 20mm 40-mesh stainless steel screen 60 mm from one end, with
days old may be fed frozen adult brine shrimp. Mature fatheaé water depth of 128 mm and with a flow rate of 190
minnows can be sexed by the method of Flickin¢s). mL/minute. (b) Fifteen fish have been tested in a chamber that

X3.1.1 Fathead minnows readily deposit embryos on thés 65 by 180 by 90 mm deep with a 65 by 90 mm 40-mesh
underside of half-round ceramic substrates with an insidétainless steel screen 25 mm from one end, with a water depth
diameter of 75 mm and a length of 75 nf#). Such substrates 0of 45 mm and with a flow rate of 12 mL/minute. Water level is
can be placed on the bottom of a pond. In the laboratorygontrolled by a standpipe in the smaller screened compartment
embryos can be obtained by placing three mature males arwiith test solution entering at the other end of the chamber. A
five mature females in a 300 by 600 by 300 mm-deep glassylindrical screen over the drain can be used instead of a
chamber containing 150 mm of water and 4 to 8 substratescreened compartment to prevent loss of fry. Incubation cups
Alternatively, the chamber can be divided into quadrants withcan be made from glass cylinders about 45 mm inside diameter
stainless steel screen and one male, one female, and one or tad about 70 mm high, by gluing 40-mesh nylon or stainless
substrates placed in each quadrant. steel screen to the bottom with silicone adhesive. The cups

X3.1.2 Embryos should be rolled off the substrate with ashould be suspended in the test chambers so as to ensure that
gentle circular motion of an index fingdl5) and visually the organisms are always submerged and that test solution
examined using a dissecting scope or magnifying viewer. Ifegularly flows into and out of the cup without agitating the
more than 50 % of the eggs on a substrate are not fertile or aganisms too vigorously. Self-starting siphons and a rocker
heavily fungused, all embryos on that substrate probablyrm apparatus driven by a 2-r/min motor and having a
should be discarded. Embryos from remaining substrates carertical-travel distance of 25 to 40 mm, have been used
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successfully to create flow into and out of incubation cups. Theelated effects occur in the first 48 h, it is likely that all
bottoms of the cups might need to be cleaned periodically t@oncentrations will cause effects, and it might be cost-effective
allow flow of test solution. to restart the test.

X3.2.1 The test should begin with at least 60 embryos per X3.2.4 In each treatment, when hatching is about 90 %
treatment. The embryos should be between 2 and 24-h old arf®mplete or 48 h after first hatch in that treatment and at a
must be less than 48-h old. With the incubation cups standinglinimum on days 11, 18, 25, and 32, the live young fish should
in dilution water within 3°C of the test temperature, the Pe counted. The live fish that, to an unaided eye, are lethargic
embryos should be randomly assigned to the incubation cup8! grossly abnormal in swimming behavior or physical appear-

The cups should then be randomly placed in the test chamber@Nce may be counted, but must not be discarded. All live fish
All floating embryos should be gently squirted with water soshould be released into the test chambers. Unhatched embryos

that they sink. should be left in the cups and released into the test chamber

X3.2.2 Ontestdays 1 and 2, the embryos should be countedthen they hatch. The range of time-to-hatch (to the nearest
examined by placing the cups under a dissecting scope élay) in each cup should be recorded.
magnifying viewer, and dead or heavily fungused embryos X3.2.5 In each treatment on days 2 to 5 after first hatch and
counted and discarded. The remaining embryos must not @ least 5 days a week thereafter, each test chamber containing
removed from the test solution. If the cups are not designed tbve fish should be fed live newly-hatched brine shrimp (<24-h
hold the solution, a small container must be placed under theld) at least eitherd) 2 times a day at lea$ h apart or () 3
cup prior to removal from the test chamber for examinationtimes a day abdu4 h apart. They must be fed at least once a
Embryos remaining after day 2 should be randomly thinned télay on all other days.
the desired number (see 11.5). The cup should be returned toX3.2.6 The fish should not be fed for the last 24 h prior to
the test chamber and subsequent handling of the cup should kymination on day 32. At termination, the weight of each
minimized and done as gently as possible. Dead embryos magrviving fish should be determined. If the fish exposed to test
be removed daily from the cup, but live embryos, even ifmaterial appear to be edematous compared to control fish, both
fungused, must not be removed. dry (24 h at 60°C) weight and wet weight of all live fish should
X3.2.3 If more than about a third of the embryos in thebe determined.
control treatment are discarded within the first 48 h, it will X3.2.7 An early life-stage test with the fathead minnow is
usually be cost-effective to restart the test because the chancesacceptable if the average survival in any control chamber
for a successful test are small. In addition, if concentrationfrom 48 hours to 32 days is less than 70 %.

X4. WHITE SUCKER

X4.1 Obtaining Embryos-Little information is available have been used routinely, including) Twenty fish have been
on the environmental conditions necessary to promote gonadgdsted in a chamber which is 160 by 440 by 180-mm deep with
development of the white suckéCatostomus commersoni)  a 160 by 180-mm 40-mesh stainless steel screen 60 mm from
the laboratory. Therefore, brood fish must be obtained in thene end, with a water depth of 128 mm and with a flow rate of
spring just prior to natural spawning. The exact time of190 mL/minute. Ip) Fifteen fish have been tested in a chamber
spawning will differ regionally; dates should be obtained fromwhich is 65 by 180 by 90-mm deep with a 65 by 90-mm
local fisheries experts. The fish should be netted or trapped &O-mesh stainless steel screen 25 mm from one end, with a
they move up tributary streams to spawn from March to Junewater depth of 45 mm and with a flow rate of 12 mL/minute.
Two- to three-pound adults should be selected and placed Water level is controlled by a standpipe in the smaller screened
large flow-through holding tanks, which are shaded to mini-compartment with test solution entering at the other end of the
mize disturbance and covered with screen to prevent the fisthamber. A cylindrical screen over the drain can be used
from jumping out. Water is maintained at the optimum hatch-instead of a screened compartment to prevent loss of fry.
ing temperature of 15°Q46) and a 16-h photoperiod is Incubation cups can be made from glass cylinders about 45 mm
desirable. inside diameter and about 70 mm high by gluing a 40-mesh

The males can be separated from the females by observing¥lon or stainless steel screen to the bottom with clear silicone
series of tubercles on the first anal fin ray. The fish are checkeddnesive. The cups should be suspended in the test chambers so
routinely for ripeness by applying pressure (anterior to poste@S to ensure that the organisms are always submerged and that
fior) to the abdomen and watching for the presence of gametelgSt solution regularly flows into and out of the cup without
When the fish become ripe, eggs from at least three females af@itating the organisms too vigorously. Self-starting siphons
combined and fertilized with milt from at least three males@nd a rocker arm apparatus driven by a 2-r/min motor and
according to the dry technique described by Hokanson et al!aving a vertical-travel distance of 25 to 40 mm have been
(40). The embryos are then placed in flowing water at 15°C. used successfully to create flow into and out of incubation

cups. The bottoms of the cups might need to be cleaned

X4.2 Early Life-Stage Toxicity TestEarly life-stage tox-  Periodically to allow flow of test solution.
icity tests with white suckers should be conducted at 15°C with X4.2.1 Early life-stage tests with white suckers should
a 16-h photoperiod and last 32 days. Several test chambebggin with embryos that have water hardened for at [&dsat
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15°C and must be begun within 48 h after fertilization. The X4.2.4 Hatching occurs in about 7 days at 15°C. Live young
embryos should be gently separated from each other, gentfish should be counted in each treatment when hatching is
mixed with those of other spawnings, and randomly distributechbout 90 % complete or 48 h after first hatch in that treatment.
to the incubation cups. The cups are then randomly placed ihereafter, at a minimum fish should be counted on days 11,
the exposure chambers so there are about 60 embryos pe8, 25, and 32. The live fish that, to the unaided eye, are
treatment. All floating embryos should be gently squirted withlethargic or grossly abnormal in either swimming behavior or
water so that they sink. physical appearance should be counted, but must not be
X4.2.2 Ontestdays 1 and 2, the embryos should be countediscarded. All live fish must be released into the test chambers.
examined by placing the cups under a dissecting scope @nhatched embryos should be left in the cups and released into
magnifying viewer, and dead or heavily fungused embryoshe test chamber when they hatch. The days on which the first
counted and discarded. The remaining embryos must not bghd last embryos hatch in each cup should be recorded.

removeq from the test solution for examination; if the CUPS ar€ 1 each treatment on days 7 and 8 after first hatch and at least
not d?s'gned to hold a small volume of test solution, a smal days a week thereafter, each chamber containing live fish
container must be placed under the cup prior to the remov hould be fed live newly hatched brine shrimp24-h old) at

from the test chamber for examination. Embryos remaining on, _ either ) 2 times a day at lea$ h apart or ) 3 times a

day 2 should be randomly thinned to the desired number (se
11.5). The cup should be returned to the test chamber anc?lygzlbeormdgcsapart. They should be fed at least once a day on

subsequent handling of the cup should be minimized and donée

as gently as possible. Dead embryos may be removed daily X4.2.5 The fish should not be fed for the last 24 h prior to

from the cup, but live embryos, even if fungused, must not pd€rmination on day. 32. At termingtion, the weight of each fis.h
removed. should be determined. If the fish exposed to test material
X4.2.3 If more than about a third of the embryos in the @PPear to be edematous compared to control fish, both dry (24
control treatment are discarded within the first 48 h, it will N at 60°C) weight and wet weight of all live fish should be
usually be cost-effective to restart the test because the chancdgtermined.
for a successful test are small. In addition, if concentration- X4.2.6 An early life-stage test with white sucker is unac-
related effects occur in the first 48 h, it is likely that all ceptable if the average survival of the controls from 48 h to 32
concentrations will cause effects and it might be cost-effectivalays is less than 80 % and if survival in any control chamber
to restart the test. is less than 70 %.

X5. CHANNEL CATFISH

X5.1 Obtaining Embryos-Embryos of channel catfish  X5.1.1 When individual females are judged to be ready to
(Ictalurus punctatuskan be obtained from commercial, fed- spawn (that is, distinguished by flaccid abdomen and blood-
eral, or state fish hatcheries. If embryos less than 24-h old amgorged urogenital papilla), they should be individually paired
needed, it might be necessary to obtain them from laboratorwith males of approximately equal size. Each pair of fish
cultures. Channel catfish can be induced to spawn naturally ishould be closely observed each day for aggressive behavior as
the laboratory by controlling day length and temperai4®  the female will often be killed if the pairing is not successful.
or they may be stimulated to spawn by injection of humanThe tank should be checked for spawn each day, disturbing the
chorionic gonadotropin (300 1U/454 g bodyweigli®)8). To  fish as little as possible. One channel catfish spawn will contain
achieve natural spawning adult (2- to 3-year old) channeb000 to 20 000 eggs.
catfish should be obtained or reared to maturity in the labora- X5.1.2 If gonadal maturation must be induced by hormonal
tory. They should be maintained at 26°C and 15 to 16-h daynjection, females can be injected once every 3 or 4 days with
length. As they approach sexual maturity, males should b800 IU human chorionic gonadotropin per 454 g of body
separated from females to avoid aggressive behavior. When tlveeight (48). The last few layers of eggs will be of poor quality
males become aggressive, it is necessary to separate them frammany cases, but no problems should be encountered with the
each other. At this time, each male to be used for spawningest of the spawn. Attempts to induce fish that have failed to
should be provided a suitable spawning substrate, such asspawn naturally will usually be unsuccessful.

19-L stainless steel milk can. It may also be necessary to divide X5.1.3 Separating the embryos from the substrate and from
females into groups of 2 to 3 individuals of approximately each other should be done with extreme care. The embryo mass
equal size if aggressive behavior occurs. Mature male channeln be freed from the inner surface of the can with a
catfish can be distinguished from females by the somewhdievelled-edged dry wall joint knife. Because channel catfish
broader and flatter conformation of their head. Confirmation oembryos are in an adhesive gelatinous matrix, the mass should
the sex of channel catfish should be obtained by gentléirst be split into four to eight clumps of embryos for
insertion of a blunt probe into the urogenital papilla. With thedistribution in the incubation cups. Each hatching cup should
female, the probe should encounter no resistance, whereasréceive embryos from each clump, in order to avoid the
will be directed anteriorly in the male. possibility of an incubation cup receiving embryos from only
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one location in the egg mass. Attempts to separate individuat 25°C), the air flow must be decreased to a gentle stream so
embryos will result in many damaged embryos. Instead, thas not to damage newly hatched larvae. Upon completion of
embryos should be pulled apart into groups of four to terhatching, the successfully hatched larvae should be counted,
embryos. randomly thinned (see 11.5) to the desired number, and
transferred to the test chambers. Newly hatched larvae can be
é;arefully handled and transferred with a 6-mm inside diameter
lass tube with a soft suction bulb and should be fed newly
atched brine shrimp naupli=24-h old) at least 3 times per
day beginning immediately after hatch. This ensures that food
will be available as soon as the fry begin feeding. Starting at
wim-up, fry should be fed a commercial catfish food at least
times per day ad libitum in addition to the brine shrimp.

X5.2 Early Life-Stage Toxicity TestEarly life-stage tox-
icity tests with channel catfish should be conducted at 25°
with a 16-h photoperiod and 32-days duration. Twenty larva
have been successfully tested in a chamber which is 160 m
wide by 270 mm long with a water depth of 200 mm, and
receiving approximately 100 mL/minute of test solution.

X5.2.1 The test is begun by placing 20 embryos in each o
2 incubation cups per test chamber. Tests should be begun .
within 24 h after fertilization of the eggs and must be begun X5.2.2 Dead _f'Sh should be removed and recorded yvhen
within 48 h after fertilization. The cups should be aerated at £PServed. The fish should not be fed for the last 24 h prior to
rate sufficient to provide adequate water exchange and tgermination on day 32. Individual fish should be weighed apd
vigorously roll the embryo masses and keep them suspended fR¢asured to the nearest 0.5 mm (fork length). If the fish
the water column. Because the embryos of channel catfish afP0osed to the test material appear edematous compared to the
held together by an adhesive gelatinous matrix, no attemgiontrol fish, both dry (dried at 60°C for 24 h) weight and wet
should be made to remove dead embryos. If fungus appears Weight of all surviving fish should be determined.
any treatment, all embryos should be treated with malachite X5.2.3 An early life-stage test with channel catfish is
green at a concentration of 60 mg/L for 3 min once each daynsuccessful if the average survival of the controls from the
until embryos are eyed. As soon as hatching begins (6 to 7 dayreginning to the end of the test is less than 65 %.

X6. BLUEGILL

X6.1 Obtaining Embryos-Techniques for consistent, suc- (3) Females are kept isolated from males and given a 16-h
cessful spawning of the bluegilLepomis macrochirush the  photoperiod at a temperature of 26 to 28°C. The production of
laboratory are not presently available. Therefore, both naturaipe eggs might require up to three months.
and artificial methods for obtaining eggs are described. (4) Females are injected intraperitoneally with two mg carp

X6.1.1 Using the natural method, bluegills approachingpitUitary every other day, and egg development is checked

completion of their second year, or older, should be provideéja”y' ,

with concrete substrates such as those described by geapn ~ (3) When a sufficient number of females has developed
When possible, use brood stock for which historical recordspremature €ggs, 2.0 to 30 such fem"?"e.s are selected and injected
relating age and sexual maturity are available. No more tha tramuscularlylvx(/jlthtl mﬁ _carpt_pltu_lt?ry elver)(/j four hou(rjs].c
three substrates and male fish should be placed in water a ft gs are sampled at €ach injection Interval and examined for
so deep and in a water volume of 500 L. Even if the depth iSlze, appearance, adhesiveness, and fertilization-ability until

. several females have ripe eggs simultaneously.
reater, several square feet of bottom space should be rovid&d . .
g d P P 6) Females which produced eggs with greater than 50 %

around each substrate. It might also be necessary to scre n(.. i ' "9 .
males visually from one another if interaction between the ertilization at the previous sampling interval are stripped and

becomes too vigorous. The number of fish per tank should bed9s fertilized with milt from four or more m.ales.
no more than a 2:3 ratio of males to females. Because the () Fémales and then males are stripped into a shallow tray

embryos are difficult to see, substrates should be examined Pan (large enough to accommodate eggs in a single layer)

carefully during the morning and evening hours by gentlycontaining an in. pr less of water.

rubbing a finger over the surface of the substrate. X§.1.2.1_ Bluegill e_mbryos.can be removed from substrates
X6.1.2 The artificial method developed by Banner and Vanby d|slng|ng them with a paint brug2) or by sucking them
Arman (50) has the advantage of being able to provide eggénto a tipless pipe(48, 49)

from several females simultaneously. The procedure consists of y . ,, Early Life-Stage Toxicity TestThe early life-stage

seven S_teps' ) _ toxicity test with bluegills should be conducted at 28L°C

(1) Fish are collected in the field and returned to theyth 4 16-h photoperiod and its duration should be 32 days. At
laboratory, acclimated to captivity, and sexed as well ashe peginning of the test, the embryos should be between 2 and
possible on the basis of morphology, coloration, and behavioga-h old and must be less than 48-h old. With the incubation
(51). cups standing in dilution water within 3°C of the test tempera-

(2) Males are kept at 16-h photoperiod at 26°C, with as manyure, the embryos must be randomly assigned to the incubation
as 20 fish per 2.9 kL aquarium. Ripening requires up to twacups. The cups should then be randomly placed in the test
months for fish collected outside the spawning season. chambers so that there are about 60 embryos per treatment.
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Both oscillating and stationary incubation cups have been useslay be counted, but must not be discarded. All live fish must
successfully. be released into the test chambers. Unhatched embryos should
X6.2.1 On test days one and two, the embryos should bEe leftin the cups and released into the test chamber when they
counted, examined by placing the cups under a dissecting@ich. The range of time-to-hatch (to the nearest day) in each
scope or magnifying viewer, and dead or heavily fungusedUP should be recorded.
embryos should be counted and discarded. The remaining X6.2.3 In each treatment, each test chamber containing
embryos must not be removed from the test solution. If thesWim-up fish should be supplied live newly hatchee2d-h
cups are not designed to hold some solution, a small contain@®d) brine shrimp 3 times a day attouh apart. Food should be
must be placed under the cup prior to removal from the tes@vailable to the larvae continuously. After larvae have grown
chamber for examination. After 48 hours, embryos remainingioticeably, brine shrimp older than 24-h old may be used. The
on day 2 should be randomly thinned to the desired number pé@mount of food provided to each chamber may be proportional
treatment (see 11.5). The cups should be returned to the telétthe number and size of fish in the chamber, but each chamber
chambers and subsequent handling of the cup should pBUst be treated in a comparable manner.
minimized and done as gently as possible. Dead embryos X6.2.4 The fish should not be fed for the last 24 h prior to
should be removed daily from the cup, but live embryos, everiermination on day 32. At termination, each live fish should be
if fungused, must not be removed. weighed. If the fish exposed to test material appear to be
X6.2.2 Live young fish should be counted in each treatmenedematous compared to control fish, both dry (24 h at 60°C)
when hatching is about 90 % complete or 48 h after first hatchveight and wet weight of all live fish should be determined.
in that treatment (approximately 30 h at 28°C). Thereafter, at a X6.2.5 An early life-stage test with the bluegill is unaccept-
minimum, fish should be counted on days 11, 18, 25, and 32ble if the average survival of the controls from 48 h to 32 days
The live fish that, to the unaided eye, are lethargic or grosslys less than 75 % and if survival in any control chamber is less
abnormal in either swimming behavior or physical appearancéhan 65 %.

X7. GULF TOADFISH

X7.1 Obtaining Embryos-Gulf toadfish (Opsanus beta) temperature. Debris and dead embryos must be removed daily
embryos can be collected from estuaries and coastal watets prevent fouling of the cup and spread of fungus from dead
from Cape Sable, FL to Yucatan. This species spawns in 20 t@ developing embryos. After all embryos hatch, fry may be
30°C water from April to August in cavities in shells, and on randomly thinned to the desired number (see 11.5) and either
rocks or man-made objects. Drain tiles placed as toadfisfetained in the incubation cup or released into the test chamber.
habitats prior to the spawning season provide a spawning si%e hatched yolk-sac fry require no feeding during the
and place _of attachme_nt. Male toadfish guard the nest which Greater-than 1-week period before yolk utilization is complete
removed intact by divers and returned to the laboratonyng the attachment disk is shed. The duration of embryonic

submerged in Watef obtained at the. collection site. Th“;‘development and yolk-sac larval stage, and the number of disks
embryos are gently dislodged and examined for development%hed each day in each replicate should be recorded.
stage. The test should begin within 24 h of collection and mus X7.2.2 Live young fish should be counted in each test

begin within 48 h of collection. More than one nest may be B
needed to obtain sufficient numbers of embryos of a similachamber when hatching is about 90 % complete or 48 h after
stage of development to begin the test. first hatch in that treatment. Thereafter, at a minimum fish

_ N should be counted on days 14, 21, 28, 35, and 42.
X7.2 Early Life-Stage Toxicity TestTests have been  x7 53 juvenile toadfish should be fed live brine shrimp

completed in which embryos are placed in test solutions Withi”nauplii (=24-h old) twice daily to excess after the yolk seems

incubation cups constructed by attaching a 9-cm high collar 0{0 be absorbed and the attachment disk is dropped. Care should
2000-pum nylon screen to the inside walls of a 9-cm I.D. glas

oo . . : be taken not to overfeed (as evidenced by a large number of
petri dish l_)ot_tom with clear silicone adhesis) E)gchgnge nauplii from the previous feeding remaining) to prevent a
of water within the cup should be ensured by furnishing eacr(lj in dissolved d wat litv. The fish should
test chamber with a self-starting siphon that removes greaterecrease N dissolved oxygen and water qualily. 1he Tish Shou
than 50 % of the volume of the test solution from the chambef'®t P€ féd during the 24 h preceding termination of the test.
each h. Test conditions used successfully include 12-h photo- X7-2.4 The test is terminated at the end of the 42nd day of
period, 25 and 30°C, and a salinity of 20 g/kg. Tests carfxposure. Individual fish should be weighed; it might also be
probably be completed by placing embryos in incubation cupslesirable to measure the standard length of each fish to the

on a rocker arm apparatus similar to that in Appendix X3. nearest 0.5 mm.

X7.2.1 At least 60 embryos, no more than 15 per cup, X7.2.5 An early life-stage test with the gulf toadfish is
should be used in each treatment at the beginning of the tedtpacceptable if the average hatch of the control embryos from
their stage of development must be determined. Time to hatctine beginning to the end of the test is less than 75 % and overall
will vary with developmental stage at test initiation and testsurvival at the end of the test is less than 70 %.
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X8. SHEEPSHEAD MINNOW

X8.1 Obtaining Embryos-The sheepshead minnd@yp-  water in the incubation cups. The self-starting siphons should
rinodon variegatusan be cultured to maturity in the labora- remove greater than 50 % of the volume of the test solution
tory or obtained from Gulf and Atlantic coast estuaries duringfrom the cups each hour.

most months of the year. Feral brood stock are preferred to X8.2.1 Embryos to be used in the test should be selected

minimize inpre_eding. Fish can be reared_to _maturity in the'\Nith the aid of a dissecting microscope and at least 60 embryos
laboratory within 3 to 5 months after hatching if they are heldShouIOI be used in each treatment; the embryos should be less

in flowing seawater at 25 to 30°C and at a salinity of 10 to 3%than 24-h old and must be less than 48-h old, and their stage of

g/kg, W.ith a photoperiod of 12 to 1‘.1 h.Ata s_,ta}ndard Iength Ofdevelopment should be microscopically determined. No more
approximately 27 mm, males begin to exhibit sexual dimor

! S N . ‘than 20 randomly assigned embryos should be added to each
phism and initiate territorial behavior. cup. Embryos should hatch in 4 days at 30°C, and in 7 days at
X8.1.1 Gametes can be obtained by hormonal injection op5°C. After all fish hatch, they may be randomly thinned to the
by natural spawning. If hormonal injections are used, eacljesired number (see 11.5) and either retained in the incubation

female should be injected interpertioneally with 50 1U of cup or released into the test chamber.
human chorionic gonadotropin (HCG) on 2 consecutive days. xg 2.2 Live young fish should be counted in each treatment
Two days following the second injection, eggs are strippedyhen hatching is about 90 % complete or 48 h after first hatch

from females and mixed with sperm derived from excisedip that treatment. Thereafter, at a minimum, fish should be
macerated testes. Usually, at least ten females and five malggynted on days 11, 18, 25, and 28.

should be used to ensure that there are a sufficient number of
genetically variable embryos. The early life-stage test can bBr
started as soon as fertilization is microscopically verified (1 to,
2 h). Embryos should not be agitated excessively.

X8.1.2 If embryos are obtained from natural spawning in
the laboratory, a 200 by 350 by 220 mm-deep Spawnin%issolved oxygen and water quality.
chamber is recommendeg84). To obtain sufficient embryos . .
for an early life-stage test, four or more spawning chambers are X8.2.4 The test is terminated at the end of the 28th day of

recommended, each containing five or more females and thr Zposure. F|sh.s.hould'not be feq for the Igst .24 h before
males. ermination. Individual fish are weighed and it might also be

desirable to measure the standard lengths of fish (to the nearest

X8.2 Early Life-Stage Toxicity TestEmbryos are placed 0.5 mm). If the fish exposed to test material appear to be
in test solutions within incubation cups constructed by attachedematous compared to control fish, both dry (24 h at 60°C)
ing a 90-mm high collar of 450-pum nylon screen to the insideweight and wet weight of all live fish should be determined.
walls of a 90-mm I.D. glass petri dish bottom with clear X8.2.5 An early life-stage test with the sheepshead minnow
silicone adhesivg55). Alternatively, incubation cups can be is unacceptable if less than 75 % of the control embryos hatch,
installed on a rocker arm apparatus similar to those describdédss than 80 % of the hatched control fish survive to the end of
in Appendix X3. If a rocker arm apparatus is not used, eaclthe test, and overall control survival from the beginning to the
chamber must have a self-starting siphon to ensure exchange@fid of the test is less than 65 %.

X8.2.3 Hatched sheepshead minnows should be fed live
ine shrimp nauplii £24-h old) to excess, beginning at

atching and at least daily thereafter. Care should be taken not
to overfeed (as evidenced by a large number of nauplii
remaining from the previous feeding) to prevent a decrease in

X9. SILVERSIDES

X9.1 Obtaining Embryos-Sexually mature Atlantic silver- X9.1.2 For either species, females that do not readily release
sides (Menidia menidia)are generally available in Atlantic ripe eggs when gently squeezed should not be used. Eggs may
estuaries from March through August, depending upon thé&e stripped from fish either at the collection site or at the
latitude. Recent evidence indicates that this estuarine fish islaboratory. If the time required to transport the fish to the
cyclic spawne(56). The optimal time for collecting ripe fish is |laboratory is greater than one h, or if severe environmental
just prior to high tides occurring between 8:00 a.m. and noongonditions are likely during transport, field-stripping is recom-
when pre-spawning schools move into the upper intertidainended. Eggs are stripped into a glass culture dish containing
Zone. salt water or onto a nylon screen (450 to 1000 pm-mesh), then

X9.1.1 The tidewater silversid@enidia peninsulaejs an  placed in a vessel containing salt water from the collection site.
estuarine species typically found at salinities of about 20 g/kgMilt from several males can then be stripped into the culture
It ranges from Daytona Beach, FL, to Horn Island, MS, anddish or vessel and mixed. Upon contact with salt water,
from Galveston Bay, TX, to Tamiahua, Mexi¢67). Sexually — adhesive threads on mature eggs uncoil, making enumeration
mature fish can be collected near shore in shallow waterand separation difficult. If the culture dish is used, one end of
during the late spring and summer months. a nylon string can be dipped into the dish and gently rolled so
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the threads can adhere. If the nylon screen is used, embryos csinould be gently teased apart and threads cut prior to randomly
be separated and counted directly. Embryos on nylon strings @lacing them in incubation cups that are constructed by gluing
screens may be shipped by placing them in insulated glass 100-mm high, 363-um nylon mesh tube inside a 90-mm I.D.
bottles filled with salt water at the approximate temperatureglass petri dish bottom. At least 60 embryos should be used in
and salinity of fertilization. Fish from which gametes were each treatment. Hatching usually occurs within eight days after
obtained should be preserved for taxonomic confirmation ofertilization. After hatching is completed, fry may be randomly
the species used. thinned to the desired number (see 11.5). Live young fish

X9.1.3 Adult Atlantic and tidewater silversides can be should be counted in each treatment when hatching is about
spawned in the laboratory on a year-round basis. Procedur& % complete or 48 h after first hatch in that treatment.
described by Middaugh and Taki¢a8) and by Middaugh and Thereafter, at a minimum, fish should be counted on days 11,
Hemmer(59) provide for maintenance of a brood stock of 30 18, 25, and 28.

to 50 fish at a sex ratio of 1:1 in a 1.3-m diameter circular x9.2.1 Silverside larvae are injured easily, and are particu-
hOldlng tank WhICh is part of a reCirCUIating saltwater System.|ar|y susceptib]e to impingement on the mesh tube of incuba-
The photoperiod should be 13 h at 300 to 1700 Ix, and watefion cups. Therefore, water flow into and out of the cups should
temperature should be maintained at 22 to 25°C. The fisRe at a slow rate and larvae should never be netted. Successful
should be fe 8 g of aflake food of equivalent nutritional tests have been conducted by using a metering system that
value each morning and afternoon, and 1 L of concentratedelivered 1 L to each test chamber every 15 min through
brine shrimp nauplii (hatch obtained from approximately 15gpjitter boxes. Two 2-mm inside diameter capillary tubes which
mL of cysts after 48 h of incubation at 25°C) in mid-afternoon. grained the water from the splitter boxes delivered 500 mL of
Excess food should be siphoned from the holding tanks at leaghjt water to each test chamber. Water depth in each chamber
weekly. Filter medium (activated charcoal) located in a reser(| p. = 210 by 220 mm) was varied between 45 and 65 mm in
voir tray should be changed immediately after siphoning theypproximately a 1-min period by the action of a 4-mm I.D.
holding tank. o . o self-starting siphon. Prior to removing cups containing larvae
X9.1.4 Decreases in circulation current velocity in thefrom the chambers, the water level in the chamber should be
holding tanks (8 decreasing to 0 cm/s) should be providegowered slowly with a siphon to the top of the petri dish. Cups
twice daily by turning off the saltwater circulation pump from should not be removed from the chamber for five days
midnight to 1:00 a.m. and noon to 1:00 p.m. Atlantic silver- fo|lowing initial hatching.
sides will spawn in response to decreased current velocities xg9 2 2 Silverside larvae should be fed the rotiBranchio-
during daytime (noon to 1:00 p.m.) and tidewater silversides ithys plicatilis (62) for the first week post-hatch and live brine
response to decreased current velocities during darkness (miglhrimp nauplii £24-h old) during the remainder of the test
night to 1:00 a.m.). A spawning substrate of spun polyestegxcept for a 2-day feeding transition period when both rotifers
aquarium-filter fiber (approximately 100 by 100 by 200 mm)and brine shrimp should be provided. Feeding (three times per
should be suspended just below the surface of the water and gy for the first seven days after hatching, two times per day
contact with the side of the holding tank. Spawning fish will thereafter) should begin on the day of hatch. Successful tests
deposit eggs on this substrate. Each morning or afternoon, egggve been conducted by using approximately 30 000 rotifers
may be teased from the substrate and utilized in toxicity testyer cup per feeding and approximately 12 000 brine shrimp
Typical egg production ranges from 300 to 1200 per SpPawnnauplii per cup per feeding.
Fish usually will spawn 3 or 4 days or nights each week. X9.2.3 The test should be terminated at the end of the 28th
X9.1.5 It is essential that light-tight curtains surround theqay of exposure. Fish should not be fed for the last 24 h prior
holding tanks. These curtains should remain closed excegb termination. Individual fish should be weighed and it might
during periodic feedings, tank cleaning, and during removahe desirable to measure standard lengths of fish (to the nearest
and replacement of spawning substrates. 0.5 mm). If the fish exposed to the test material appear to be

X9.2 Early Life-Stage Toxicity TestThe 28-day test edematous compared to the control fish, both dry (24 h at

should begin within 36 h after fertilization and must be begunggt;)mivr\:gght and wet weight of all live fish should be
no later than 48 h after fertilization. Test conditions used X9.2 4 A'n early life-stage test with the Atlantic or tidewater
successfully include 12-h photoperiod, 252°C, and salinity . y 9

S silverside is unacceptable if average control embryo survival is
between 15 and 27 g/k0, 61) After fertiization, embryos less than 80 %, average control survival from the beginning to

the end of the test is less than 60 %, and average wet weight for
& Tetramin, available from Tetra Werke, Dr., D 452, Melle, West Germany, has_controIM. penlnsulags less than 12 mg/fish or fdd. menidia
been found suitable for this purpose. is less than 15 mg/fish.
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X10. STATISTICAL GUIDANCE

X10.1 Introduction—The goals of statistical analysis are to cedures. An endpoint defined in terms of a specified amount of
summarize, display, quantify, and provide objective yardstickeffect is calculated using regression analysis, concentration-
for assessing the structure, relations, and anomalies in dateffect curve analysis, and other point estimation procedures.
The data display and statistical techniques most commonliRegardless of the procedure used, sufficient data should be
used to achieve these goals a@®:greliminary and diagnostic presented in reports to permit calculation of endpoints other
graphical displays,h) pairwise comparison techniques such asthan those chosen by the authors and to allow other uses, such
t-tests and 2 by 2 contingency table tests), &nalysis of as modelling.
variance (ANOVA) and corresponding contingency table tests, o )

(d) multiple comparison techniques for simultaneous pairwise X10.3 Preliminary Data Analysis:

comparison of other treatment groups with control grougs, (  X10.3.1 Graphical Displays—These should be performed
concentration-effect curve analyses, affidnfultiple regres- every time data for any biological attribute are analyzed using
sion. If used correctly, each of these techniques can provideither regression analysis or hypothesis tes{#). Prelimi-
useful information about the results of an acceptable earlyary scatterplots are desirable because they might provide
life-stage toxicity test. insights into the structure of the data and reveal the presence of

X10.1.1 The three kinds of data that can be obtained fronynanticipated relations or anomalies. Every time a regression-
toxicity tests are dichotomous or categorical (for examplelyYP® model is fitted to data, a graph of predicted and observed
mortality), count or enumeration (for example, number ofvalues should be examined to assess the goodness of fit of the

young), and continuous (for example, weight). StatisticaiModel; a graph of the residuals from the fit should be examined

methods for analyzing dichotomous and other categorical daf? @55€ss departures from the model. Histograms are useful for
are directly analogous to those for analyzing count andgXa@mining the distribution of the data before hypothe3|s
continuous data. However, for technical reasons and becaut@sting. The advent of modern computers and statistical com-
they arose from different application areas, different terminoloPuting packages,(64), has made preparation of graphs both
gies and computing tools were developed for analyzing th&2Sy and inexpensive. Feder and Colligs) illustrate the use

three kinds of data. The corresponding procedures are consi@f Various types of preliminary and diagnostic graphical
ered together herein. displays in analysis of data from chronic toxicity tests.

X10.3.2 Outlier Detection ProceduresData that do not
X10.2 Endpoint—The endpoint of early life-stage toxicity 2PP€ar to be in conformance with the.substantial majority are
tests generally has been defined in terms of whether differenc&dten referred to as “outliers,” and might be due to random
from control organisms are statistically significant at the 5 gpvariation or to clerical or exper|mer_1tal errors. Statistical qutl!er
level. One of the main conceptual problems with such etection procedqres are screening procedure§ that indicate
definition of the endpoint is that the notions of biological Whether a datum is extreme enough to be considered not due
importance and statistical significance are logically distinct/USt 0 random variation. Barnett and Lew5) describe many

Effects of considerable biological importance might not bePutiier detection procedures, and Feder and Col8s)

statistically significant if sample sizes are small or if effects ard!lUstrate the use of several outlier detection procedures with
extremely variable or both. Conversely, biologically trivial aquatic toxicological data. If outliers can be shown to be due to
effects might be highly statistically significant if sample sizesclerical or experimental error, they should be either corrected

are large or effects are very reproducible. An endpoint basefl’ deleted from the data prior to analys_is. If outliers are not
solely on statistical significance might depend as much or morknOWn to be erroneous values, the question of how to deal with

on sample sizes as on the magnitudes of the effects. them is a matter of judgment. Data analyses should usually be
. ] . performed with and without questionable values in order to
X10.2.1 An alternative is to define the endpoint in terms 0fggess their importance, because one or a few extreme outliers
a specified absolute or relative amount of difference in &4 sometimes greatly affect the outcome of an analysis.
biological attribute from the control treatment(s). A regression- y10 3 3 Data Transformations-Many standard statistical
type model would be fitted to the data and the concentration,cedures such as regression analysis and ANOVA are based
associated with a specified amount of difference from they, the assumption that experimental variability is homoge-
control treatment(s) would be estimated using the model. Fofeqys across treatments. This assumption typically does not
example, the concentration resulting in a specified percerfoy for certain kinds of data. If data displays or tests of
decrease in survival or weight might be estimated along Witheterogeneity demonstrate that variability is not homogeneous

confidence limits on the estimated concentration. The result f.rqss treatments, variance stabilizing transformations of the
an early life-stage test would then be reported as a point

estimate, preferably with confidence limits, of the concentra-
tion expected to cause an amount of effect that had been 7 statistical computer packages such as Minitab, 3081 Enterprise Drive, State
preselected as being biologically unacceptable. College, PA, Statistical Analysis System, (SAS), SAS Institute, Box 8000, Cary, NC,
; : i Biomedical Department Package, (BMDP), Statistical Software, Inc., 1440
X'].O..Z.Z In. g.e.neral’ .an endpomt defined ”.1 terms Qf aéepulveda Blvd., Suite 316, Los Angeles, CA, and Statistical Package for the Social
sta'glstlcally S|g_n|flcant difference is calculated USII’_lg ana_|y5|5 0 ciences, (SPSS), Suite 3000, 44 N Michigan Ave., Chicago, IL, have been found
variance, contingency tables, or other hypothesis testing prauitable for this purpose.
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data might be necessary. The arc sine, square root, arfdr the control(s). In Fisher's Protected Test, that should be
logarithmic transformations are often used on dichotomousysed only if the ANOVA F-test is significant(70), each
count, and continuous data, respectiv@y). The question of concentration of the test material is compared to the control(s)
whether to transform raw data should be decided on asing thet-test. If the investigator desires to set an experiment-
case-by-case basis after studying data displays, tests of hetergise «, rather than a comparison-wisg Dunnett's procedure
geneity, and similar data from previous tests. In reality,(70, 71) can be used without the ANOVA-test. Williams’
ANOVA and regression are not very sensitive to departureprocedure(70, 72) also tests the control(s) versus each con-
from normality and small deviations from this assumption arecentration, but makes the additional assumption that the true
not prohibitive. mean follows a monotonic relation with increasing concentra-
tion. The latter procedure is more powerful if the assumption is
X10.4 Comparison of Solvent Control and Dilution-Water correct. Alternatively, Tukey'$73) No Statistical Significance
Control—If both solvent and dilution-water controls are in- of Trend (NOSTASOT) test can be used with the same
cluded in the test, they should be compared usirtgest for  assumptions as Williams’ procedure. Shirlg4) has devel-
count and continuous data and Fisher's Exact Test®2by 2 oped a nonparametric equivalent for Williams’ test and Will-
contingency table test for categorical d4€8). Adjustments  jams (75) has modified and corrected Shirley’s procedure to
for chamber-to-chamber heterogeneity might be necessary. Thecrease its power to detect the alternative hypothesis. Care
use of a large alpha level (for example, 0.25) will make it moremust be taken when using any of these procedures that an
difficult to accept the null hypothesis when it should not beappropriate estimate of variability is used, incorporating any
accepted. The test statistic, its significance level, the minimurghamber-to-chamber variation that is present. Presentation of
detectable difference, and the power of the test should bgesults of each comparison should include the test statistic, its
reported. corresponding significance level, the minimum detectable dif-

) ) ) ference, and the power of the test.
X10.5 Analysis of Variance and Contingency Table

Analyses—ANOVA tests are often appropriate for untrans- X10.7 Regression Analysis and Concentration-Effect Curve
formed continuous data and for transformed count and catEstimation—An alternative to tests for statistically significant
egorical data. Contingency table tests are usually appropria@fferences is to fit concentration-effect models or multiple
for untransformed categorical data. If evidence of chamber-toregression models to the data and estimate the concentration
chamber heterogeneity is found, standard contingency tablé@at corresponds to a specified amount of difference from the
analyses might be inappropriate for categorical data. In thigontrol treatment(sf76). Concentration-effect curve models,
case it might be appropriate to apply an arc-sine variancéuch as probit and logit, are commonly used to describe trends
stabilizing transformation to the proportion dead within eachin dichotomous data on survival. Linear and quadratic-
experimental unit and perform an ANOVA on the transformedpolynomial regression models are commonly used to describe
proportions. Feder and Collir{65)illustrate transformation of trends in quantitative data on growth and reproduction. Toxic-
data before use of a contingency table test. ity tests should be designed to avoid the need for extrapolation,

X10.5.1 Both contingency table tests and ANOWAtests  Which can introduce biases into estimates.
are overall tests that do not assume any particular form for the X10.7.1 Point estimates, such as the EC10, EC25 and EC50,
relation between effects and concentrations. They are thus nate examples of endpoints derived by using regression. When-
designed to be particularly sensitive to the one-sided, monceVer a point estimate is calculated, its 95 % confidence interval
tone trends characteristically observed in toxicity tests. Speshould also be calculated. Finngy7) discusses the probit
cialized tests have been designed to be more sensitive t9odel in considerable detail, and Draper and Sr(if8) and
relations of this type. Some such tests are the one-sidebleter, Wasserman, and Kutn€r9) discuss most practical
measure of association test, the Cochran-Armitage test fa@spects of multiple regression analysis. Feder and Cdlib)
categorical data, and tests based on linear or polynomidliscuss use of these techniques in aquatic toxicology.
regression models for continuous d#69). X10.7.2 When a regression model or concentration-effect

X10.5.2 ANOVA tests are based on normal distributioncurve model is fitted, data for each experimental unit are
theory and assumes) that the data within treatments are a plotted against concentration. If necessary, transformation of
random sample from an approximately normal distribution andhe effect data or concentration data or both should be
( b) that the error variance is constant between treatments. Agerformed to stabilize the variability across treatments and to
a part of the ANOVA, residuals should be plotted againstoroduce a smooth trend. For example, if effects or concentra-
concentration to determine whether there are any obvioutions differ by one or more orders of magnitude, a logarithmic
violations of the assumptions of normality and homoscedastictransformation of either concentration, or effect, or both might
ity that is, constant error variance. When results of an ANOVAbe appropriate. On the basis of preliminary graphs, a regression
are reported, the ANOVA model and table, tRestatistic and ~model should be postulated and fitted to the data using a linear
its significance level, the minimum detectable difference, an®r nonlinear regression fitting technique. Residuals from the
the power of the test should be presented. model should be calculated and plotted against appropriate

variables. Any systematic structure in the residuals indicates

X10.6 Multiple Comparison ProceduresThe usual ap- lack of fit of the model and the model should be modified and
proach to analyzing data from early life-stage tests is tdhe procedure repeated. This cycling should continue until
compare data for each concentration of the test material to dathere is no further structure in the residuals to be explained.
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Presentation of results of regression or concentration-effect
curve analysis should include the intercept or other point
estimate, the slope, and their 95 % confidence limits.

X11. STRIPED BASS

X11.1 Preliminary Note—Striped basgMorone saxatilis) X11.2.3 Wet-fertilization should begin by stripping eggs
embryos and larvae are difficult to work with and typically from one or two ripe females into a clean plastic dish pan. 1 to
require learned expertise. Handling and testing technique3 L of water should be added and mixed well for 30 s. Milt
described in this guide might not be readily adaptable to alfrom two or three males should then be added and mixed by
laboratories. Further, an inherent variability is probably assohand for 3 min.

ciated with the quality of the gametes which will limit the  X11.2.4 Following fertilization, embryos can be put into
success of a specific test (see test acceptability benchmarks | plexiglass McDonald jars, at a density not to exceed
X11.4). The allowable survival in controls is due to inherent100 000 per ja(81). (McDonald jars might not work well with
biological factors and may limit the applicability of the test; highly buoyant eggs such as those from fish collected in
methods to improve survival should be considered. Chesapeake Bay. For highly buoyant eggs, circular tanks with
a center drain pipe equipped with a large funnel covered with
X11.2 Obtaining Embryos-Embryos of striped bass can 500-um mesh polypropylene or nylon net can be used.) A
be obtained from commercial, federal, and state fish hatcheriegentinuous flow of oxygenated water sufficient to keep em-
Adult striped bass for spawning can be collected with nets opryos suspended at 181°C should be introduced to the
electrofishing gear from estuaries, rivers, and lakes from MarcRottom of the jar. Dead embryos will usually overflow out of
through June. There is a maximum 1-h window betweenhe jar or can be carefully siphoned off. Embryos should be
complete ovulation and overripeness when the eggs must kgecked for normal development 24 h after fertilization. Egg
fertilized for maximum succeg80, 81) Several references are patches with less than 50 % fertilization should not be used for
available on the culture of striped b&&9, 81, 82, 83, 84, 85)  testing. Embryos remaining alive and developing normally
Female broodfish can be injected with human chorionic gonaggo) after 24 to 26 h may be used for testing, either as embryos
dotropin (HCG) shortly after capture to discourage reabsorpor as yolk-sac larvae (prolarvae). Hatching occurs from 40 to
tion of eggs and to encourage ovulati@0). Dosages of 125 48 h after incubation at a temperature of 17 to 19°C. The larvae
to 150 International Units (1.U.) of HCG per pound of fish are il swim over the lip of the jar into rearing chambe(82).
usually divided among two or more injections and given alongrhose not able to swim over the lip should be considered weak
both sides of the spine between the lateral line and dorsal figng not used for testing. Initial larval density in the chambers
(81, 82) Captured fish should be transported in a tank largenhould not exceed 2000 per L. Water flow through the
enough to allow complete freedom of movement. To reducerforated bottom of the rearing chamber should be sufficient
stress and incidence of infections, fish should be transported igp keep the larvae suspended and water quality ¢8ads?2)
2 to 5 glkg salinity (from NaCl, sea water, or sea saltS)the |arvae can be kept in the chambers until initiation of

containing an antibiotic approved by the U.S. Food and Drugyicity tests and density should not exceed 100 per L when
Administration. Chlorine-free ice should be added if necessary;yae are 13 days posthatch.

during transport so that water temperature does not exceed

slokgc however, salinity should be not allowed to drop below 2provided that they are packaged in insulated containers with
’ oxygen and transport does not exceed 24 h. Larvae have been
X11.2.1 Handling of fish in the hatchery should be kept to ashipped successfully at less than 1 day or greater than 5 days
minimum. Females should be checked for ripeness by taking posthatch when transport does not exceed 12 h.
sample of eggs and checking for development at 20 to 28 h
(perhaps sooner) after hormone injecti(81). This can be  X11.3 Early Life-Stage Toxicity TestTests are begun with
done by inserting a 3-mm OD (2-mm ID) glass catheterembryos 12 to 24 h prehatch (see X11.3.1) or with prolarvae up
through the urogenital openir(§0). The time of ovulation can  to 9 days posthatch (see X11.3.2). Tests which begin exposure
be estimated after microscopic examinat{8t, 82) Ovulation  with prolarvae are not entire early life-stage tests as defined in
is complete when eggs flow freely and separately under slighthis guide (see 10.2). Tests which begin exposure with prolar-
manual palpitation to the abdominal region. vae should be called larval tests as opposed to early life-stage
X11.2.2 The viability (motility) of the sperm should be tests. Regardless, a description of when exposure began and
confirmed by microscopic examination prior to spawning.ended should be clearly indicated in the test documentation.
Fresh sperm should be placed on a glass slide and covered witlne test is terminated at day 45. Successful tests have been
a coverslip. A drop of water should be added to one side of theonducted at 16 to 19°C with a 16-h photoperiod and low light
cover only so that it infiltrates the sperm by capillary action.intensity. Dilution waters with a hardness and alkalinity of
Good sperm motility is defined by active swimming away fromapproximately 120 to 140 mg/L CaC{are recommende@1,
the intruding water for a minimum of 30 s. 86) though other water qualities may be ug&d). Salinity of

X11.2.5 Embryos may be shipped at 26 h after fertilization
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2 to 10 g/kg has been shown to increase survi8dl| 86, 87) 11to  Brine shrimp nauplii at a minimum density of 10/mL in compart-
and this can be achieved with the addition of sea water or sea 15  mentand 1 mg of commercial small mesh food (for example,
salts Biotrainer #1°) per fish.

' 16 to Brine shrimp nauplii at a minimum density of 10/mL in compart-

X11.3.1 Embryos—Embryos are exposed beginning 12 to 20 ment and 2 mg of commercial small mesh food (for example,

. . Biotrainer #1 and Biodiet #28) per fish.
24 h before hatChlng' At least 200 embryos should be used in 21to Brine shrimp nauplii at a minimum density of 5/mL and 4 mg of

each treatment. Embryos are best transferred to incubation 25  commercial small mesh food (for example, Biodiet #2 and Salmon

cups using small plastic spoons. Several flow-through incuba- Starter®) per fish.
. . 26 to Commercial small mesh food (for example, Salmon Starter) at 6 to
tion cup designs have been used successfi@f; 88) The 45 9% of expected body weight per fish.

embryos must be periodically suspended by gentle water
currents during incubation for a complete hatch. Most embryos
hatch within 48 h after incubation at 18°C. The embryo tesLl_
should probably be reinitiated if control survival is less than
70 %, 48 h after initiation of the test. Information on the

Food density must be maintained to discourage cannibalism.
he compartments and aquaria should be cleaned daily by
brushing and siphoning to prevent the buildup of nitrogenous
wastes from the high feeding density. The diet may be

remainder of the test is covered in X11.3.2. ) - 4 ! o
%11.3.2 Prolarvae—Prolarvae are best transferred from supplemented with additional brine shrimp nauplii if larvae are
- having difficulty in switching over to dry, commercial food.

hold_mg_tz_anks to test compartments with a sma_ll cup, MovING & 'y 11 3 2.3 Fish should not be fed for the last 24 h prior to
few individuals at a time. Density of prolarvae in the compart- S S . X
; termination on day 45. At termination, determine weight of
ments should not exceed 25 pe(&6) and should be thinned - . ) ;
?ach surviving fish. If the fish exposed to the test material

to 60 prolarvae per treatment at 9 days posthatch. A comparalopear to be edematous compared to control fish, both dry

ment (2 per treatment) can be a 3.8-L round glass jar 200 Mt 1 qried at 60°C for 24-h) and wet weight of all fish
deep containing 2.5 L of test solution with a center standpipe : , : .
; . %would be determined. Swim bladder inflation may affect the
covered with 500-um mesh polypropylene screen and Ioalntesurvival and growth of larvae and should be repof&®). One
black(86). Polycarbonate compartments (4 per treatment) with 9 P ’

nylon screen covered window@8) and 1.9 L glass jars with a method of determining swim bladder inflation is anesthesia

3.8-cm dlametgr screen-covered hple drilled in the side t(t)he bottom and waves of muscle contractions sweep from head
allow the retention of 1 L of test solutidi87) have also proven to tail (90, 91, 92) Another method of determination is

satisfactory. The larvae are susceptible to impingement of . . o7
; microscopic examination.
screens used for water discharge. The compartments are

suspended inside glass gquaria. The larvae can be releasedi1q 4 Test Acceptability-Striped bass embryos and larvae
from'the compartments into aquaria at 22 days posthatchye giffcult to work with. Further, an inherent variability is
density of larvae in t.he aquaria should not exceed 4 p&6). _ probably associated with the quality of the gametes which will
' X11.3.2.1 Dead fish should be recorded and removed dailyint the success of a specific test. An early life-stage test with
Live fish should be counted weekly using multiple counts fromgyineq hass is unacceptable itt)(the average overall survival
at least two people. Fish that are visibly (without the use of gyt ~ontrols from embryos to 48 h posthatch is less than 70 %
dissecting_scqpe or magnjfying vie\(ver) Iethargic and grosslyyith a minimum in any control chamber of 60 %2)(the
abnormal in either swimming behavior or physical appearancgyerage overall survival of controls from 48 h (prolarval stage)
should also be counted. . _ . to 9 days posthatch is less than 60 % with a minimum in any
X11.3.2.2 Larvae should be fed a minimum of 3 times daily.conro| chamber of 50 %, an@) the average overall survival
The following feeding regime is based on the number of daysy controls from 9 days to 45 days posthatch (metamorphosis
posthatch(82) and test termination) is less than 80 % with a minimum in any
control chamber of 70 %.

with MS-222; fish without swim bladders lie on their sides on

1to5 No feeding required. Some researchers recommend introducing
brine shrimp nauplii at 2 days posthatch for imprinting of larvae on
prey. _

6 to 10  Brine shrimp nauplii (see Practice E 1203) at a minimum density of & Bjoproducts Incorporated, P.O. Box 429, Warrenton, OR 97146.
10/mL in compartments.  Nelson-Murray Elevators, 118 W. 4800 South, Murray, UT 84107.
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