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1.6 The values stated in SI units are to be regarded as the 
standard. 

1.7 This standand does not purport to address all of the 
safery concerns, if any, associated with its use. It is the 
responsibiliry of the user of this standard to establish appm- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. Specilic precau- 
tionary statements are given in Section 7. 

2. Referenced Documents 
2.1 ASTM Standards: 
E 380 Practice for Use of the International System of Units 

(SI) (The Modernized Metric System)' 
E 729 Guide for Conducting Acute Toxicity Tests with 

Fishes, Macroinvertebrates, and Amphibians3 
E 943 Terminology Relating to Biological Effects and En- 

vironmental Fate3 
E 1023 Guide for Assessing the Hazard of a Material to 

Aquatic Organisms and Their Uses3 

3. Terminology 
3.1 Dejnitions: 
3.1.1 The words "must,"" should," "may,"" can," and 

"might" have very specific meanings in this guide. "Must" is 
used to express the strongest possible recommendation,, just 
short of an absolute requirement, that is, to state that this test 
ought to be designed to satisfy the specific condition, unless the 
purpose of the test requires a different design. "Must" is used 
only. in connection with factors that relate directly to the 
acceptability of the test (see Section 13). "Should" is used to 
state that the specific condition is recommended and ought to 
be met, if possible. Although violation of one" should" is rarely 
a serious matter, violation of several will often render the 
results questionable. T e W  such as "is desirable,"" is often 
desirable," and" might be desirable'' are used in connection 
with less important factors. "May" is used to mean "is (are) 
allowed to,"" can" is used to mean" is (are) able to," and 
"might" is used to mean "could possibly." Thus the classic 
distinction between "may" and" can" is preserved, and "might" 
is never used as a synonym for either "may" or "can." 

3.1.2 For definitions of other terms used in this guide, refer 
to Guide E 729, Terminology E 943, and Guide E 1023. For an 
explanation of units and symbols, refer to Practice E 380. 

4. Summary of Guide 
4.1 The toxicity of a substance in marine or estuarine waters 

can be determined through a 96-h acute or chronic toxicity test 
(See 11.1.2) in 100-mm diameter glass petri dishes for Nean-
thet arenaceodentata and Capitella capitata. Stender dishes 
are recommended for acute, chronic, and life-cycle tests with 
the smaller species Ophryotmcha diadema and Dinophilus 
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5.4 The results of acute, chronic, and life-cycle toxicity 
can be used to ,predict effects likely to occur on m 
organisms under field conditions. 
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might be used to compare the sensi 
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6.1 Facilities-Aquaria (4 to 57 L) or gallon jars c m e g  

k. - other clean (uncontaminated), natural, or reconstituted sea 
should be used for culturing these four species of 

or holding them after field collection and prior to 
with aeration have been used success- 

and holding polychaetes. The holding tanks 
forculturing or holding polychaetes should 

space separated from that in which 
!it ...rnxicity tests are to be conducted. The sea water should he 
$, analyzdperiodically to ensure a constant salinity. The holding 
8..,,,aquaria, water supply, or room in which they are kept should be 
i .equipped with temperature control. Aeration can be provided to 

that dissolved oxygenis greater than 60 % saturation 
ik.:s&,des of polychaetes do not require a definite light regime. 

andthat water circulation is adequate in the aquaria. These 

e' 
i. :-~6.2 Construction Materials-Equipment andfacilities that 

iiintact.stock solutions, test solutions, or any water into which 
,&st :organisms will be placed should not contain substances 

$::thst*.,... .. . can. be leached or dissolved by .aqueous solutions in 
'7.;..mounts that affect the test organisms adversely. In addition, 
f&ipment and facilities that contact stock or test solutions 
k.':iihould be chosen to minimize the sorption of test mateiials 
&fgnwater. Glass, Q p e  316 stainless steel, nylon, high-density 
3:. polyethylene, polycarbonate, and fluorocarbon plastics should pi9.,,,.fil;Fused whenever pogsible to minimize dissolutions, leaching, 
~~$:sorption,exceptthat stainless steel should.not be used in 
$?j.k$stonmetals in salt water. Concrete and rigidplastics gaybe  
i:';usedfbr., holding tanks andin the water-supply system, but they is:+. 
$,,Y ;.rshould be soaked, preferably in Bowing d~lution water, for one 

week or more before use (3). Cast iron pipe should not be used 
[;.$&.ialt. watir and probably should not be used in a fresh 
5,:Wakr-supply filter system because colloidal ironwill be added 
$:::lothe dilution water and strainers willbe necessary to remove 
i,;?+t,particles. A specially designed system is usually necessary 
2:; !$:obtain salt water fiom a natural water source (4). Brass, 
pi cb~per,:lead, ga lvmed  metal, .and natural ~ b b e r  should not 
$:.'cantsct the' dilution water, stock solutions, or test solutions $-be a 

~I-:,, .: f're or during the test. Items made of neoprene ~ b b e r  or 
rrO~er,materialsnot mentioned previously should not be used ,. 

unless:it has been shown that their use will not affect either the 
growth, or reproduction of polychaetes adversely. 

. . Chambers-In a toxicity test with marine organ- 
R:;"'mS., lest chambers are defined as the smallest physical units 
d?tween which there are no water connections. Glass petri 
f.~!Bishes'mkasuring 100 -in diameter and 20 mm in height are 
Elhemost satisfactory chambers for use in acute and chronic 
i.i-'Odcit~.<, ,. tests with Neanrhes arenaceodenrata and Capitella *, 

5:.. ,?'pitafa. Only one Neanthes arenaceodenrata should be placed 

single chamber. For reproductive tests, glass chambers mea- 
suring 3.79 Land containing 2.5 L of test solution should be 
used with N. arenaceodenrara and C. capitafa. Aeration must 
beprovided. Chambers the same size as that used in the acute 
and chronic tests with 0.diadema and D. gyrociliatus can be 
used for the reproductive tests. The chambers should be 
covered to keep out extraneous contaminants and to reduce the 
evaporation of test solution and test material. All chambers in 
a test must be identical. 

6.4 Cleaning-Test chambers and other glassware, and 
equipment used to store and prepare the test sea water, stock 
solutions, and test sediments, should be cleaned before use. 
New items should be cleanedbefore each use by washing with 
laboratory detergent and rinsing with water, a weak-miscible 
organic solvent, and acid (10 % nitric or hydrochloric acid), 
and they should be rinsed twice with distilled, deionized, or 
dilution water. Metals, sulfides, and carbonate deposits are 
removed by the acid rinse, and organics are removed by 'the 
organic solvent rinse. A dichromate-sulfuric acid cleaning 
solution may be used in place of both the organic solvent and 
acid rinses, but it might attack silicone adhesives. At the end of 
eachtest, a l l  items that are to beused again should immediately 
be (I) emptied; (2) rinsed with water; (3) cleaned by a 
procedure appropriate for removing the test material (for 
example, acid to remove metals and solvents to remove 
organics); and (4) rinsed at least twice with deionized, distilled, 
or dilution water. Acid is often used to remove mineral 
deposits. The test chambers 'should be' rinsed with dilution 
water just before use. Glassware used only for live animals, not 
exposed to toxicants, should be cleaned using only distilled or 
clean dilution water, since'the use of detergents is sometimes 
detrimental to live organisms; 

6.5 Acceprabiliry-The acceptability of new holding. or 
testing facilities should be demonstrated by conducting a 
"non-toxicant" test in which all test chambers contain dilution 
water. Survival of the test species will demonstrate whether the 
facilities, watet, control, and handling techniques are adequate 
to result in acceptable (90%) survival of control animals in the 
absence of toxicants. 

7. Safety Precautions 
7.1 Many materials can afEect humans adversely if precau-

tions are inadequate. Therefore, skin contact with all test 
materials and their solutions should be mimmized by such 
means as wearing appropriate protective gloves (especially 
when washing equipment or putting hands into test solutions), 
laboratory coats, aprons, and glasses. Special precautions, such 
as covering the test chambers and ventilating the area sur- 
rounding the chambers, should be taken when conducting tests 
on volatile materials. Information on toxicity to humans (S), 
recommended handliug procedures (6), and the chemical and 
physical properties of test material should be studied before a 

.$:..! a single chamber since this species can be cannibalistic. test is begun. Special precautions might be necessary with 
5 dishes measuring 40 mm in diameter and provided 
Ir:'.'~ a ground glass cover are the most satisfactory chambers for acute 
. .d. , chronic, and lie-cycle tests with Ophryotrocha ''-:ladema and Dinophilus gyrociliatus. Capitella capirara, 
.'...,. .gh'YOtrocha diadema, and Dinophilus gyrociliatus are not 
.?-cannibalistic, and 5 to 10 specimens may be placed within a 
.C. .~, 

radiolabeled test materials (7) and with test materials that are, 
or are suspected of being, carcinogenic. 

7.2 The use of ground fault systems and leak detectors is 
recommended strongly to help prevent electrical shocks be- 
cause salt water is a good conductor of elecmcity. 

7.3 Although the disposal of stock soluuons, test solut~ons, 



and test organisms poses no special problems in most cases, 
health and safety precautions and applicable regulations should 
be considered before beginning a test. The removal or degra- 
dation of test material might be desirable before the disposal of 
stock and test solutions. 

7.3 Cleaning of equipment with a volatile solvent such as 
acetone should be performed only in a well-ventilated area in 
which no smoldng is allowed and no open flame, such as a pilot 
light, is present. 

7.5 An acidic solution should not be mixed with a hypochlo- 
rite solution because hazardous fumes might be produced. 

7.6 To prepare dilute acid solutions, concentrated acid 
should be added to water, not vice versa. Opening a bottle of 
concenmted acid and adding concentrated acid to water should 
be performed only in a fume hood.' 

8. Dilution Water 
8.1 Requirements-The dilution water, if needed, should ( I )  

be available in adequate supply, (2) be acceptable to the test 
organisms, (3)be uniform in quality, and (4)not aflect the test 
results unnecessarily. 

8.1.1 The minimum requirement for acceptable water for 
use in acute toxicity testsis that healthy test organisms survive 
in it for the dimtion of holding and testing without showing 
signs of stress such as unusual behavior, changes in appear- 
ance, or death. The water in 'which the test organisms are held 
prior to the test should be uniform. The range of temperature 
and salinity encountered during the holding period must not 
affect the sunival of the test organisms adversely. A better 

. 	criterion for an acceptable dilution.water is that the test species 
will survive, grow, and reproduce satisfactorily in it. 

8.1.1.1 Salf Water-Water in which polychaetes will sur- 
vive, grow, and reproduce satisfactorily in a lifecycle test is 
probably an acceptable dilution water for these tests. 

8.1.2 The quality of the dilution water should be uniform so 
that the test organisms are cultured or acclimated, and the test 
should be conducted in water of the same quality. In salt water, 
the range of salinity should be less than 2 g/kg or 20 % of the 
average salinity, whichever is higher. 

8.1.3 The dilution water should not aflect the results of an 
acute test unnecessarily because of such things as sorption or 
complexation of the test material. Therefore, except as in 
accordance with 8.1.4, the concentration of both total organic 
carbon (TOC) and particulate matter should be below 5 mg/L. 

8.1.4 If it is desired to study the effect of an environmental 
factor such asTOC, particulate matter, or dissolved oxygen on 
the,results of an acute test, it will be necessary to use water that 
is naturally or artificially high in TOC or particulate matter or 
low in dissolved oxygen. If such water is used, it is impomnt 
that adequate analyses be performed to characterize the water 
and that a comparable test be conducted in a more usual 
dilution water in order to facilitate the interpretation of results 
in the special water. 

8.2 Source: 
8.2.1 Reconstituted Water-Some reconstituted salt waters 

prepared from either reagent-grade chemicals or sea salts have 
been shown' to be acceptable for life-cycle toxicity tests with 
polychaetes (8). It might be desirable to condition (age) 
reconstituted sale water bv aerating it for two or more days. 

Other sahities may be used for studying the effects of 
quality on the results of toxicity tests. 

should be measured at least twice per year and 
signi6cant changes might be expected. If the water i 

reconstituted water for one 01 more weeks. 
8.2.2 Natural Dilution Water: 

quality of water from a well or spring is usually m 
than that of surface water. If surface water is used. 

low concentrations of sulfide ind iron. 

may be adjusted by the addition of appropriate rea 
chemicals, sea salt, acid, base, distilled or deionized 

concentration used. 



...8.2.3 Chlorinated water must never be used for dilution 
:water in toxicity tests because residual chlorine and chlorine- 

;p,educed oxidants are highly toxic to many aquatic animals 
199).Dechlorinated water should be used only. as a last resm 

&chlorination is often incomplete. Sodium bisulfite is 
'$&ably better for dechlorinating water than sodium sulfite, 
:,,a both are more reliable than carbon filters, especially for 
moving chloramines (10). Some organic chloramines,.how- 

react slowly with sodium bisulfite (U).In addition to 

toxaphene: and the term "chlorinated phenoxy herbicides" 
refers to the free acids, salts, and esters of 2.4-D, dicamba, 
silvex, and 2.4.5-T. The term "organic chlorine" refers to 
chlorine that would be detected if, when samples areprepared 
for gas chromatographic analysis for polychlorinated biphenyls 
(PCBs) and the organochlorine pesticides listed above, : a  
chlorine detector is used instead of an electron capture detector 
to measure compounds that elute fromjust beforelindane to 
just after mirex on the gas chromatograph being used. Organic 
chlorine does not .refer only to chlorine associated with 

i''e*a.1:
 &ual chlorine, municipal drinking wate~ o h n  contains . 
iiunacceptably high concenhations of metals, and its'quality is 
k:highly. variable. Excessive. concentrations of. most metals can 
i':~suallyberemovedwith chelating resin (12); but the.use of a ,.. 
Therent dilution water might ,be preferable. If dechlorinated 
!i&ter.is used as dilution water or in its preparation, during the 
ti',.., -,mt<it.must be shown that either (1) a polychaete.species will k . ~ ,-,, .
+;mve, grow, and reproduce acceptably in it or'(2) fresh 
!&&plesiof dilution water supplied at least three .times each 
kG&kion nonconsecutive days do not cause either of the 
@ .s$i&wing: (I) the test species of polychaete to show more signs 

ntration of chlorine-produced oxidants to 

'should be well ,aerated by using air 
or column aerators before the addition 

aeration willbring the concentration 
ther gases into equilibrium with air, 
& ~ dconcentrations of volatiles, and 
ation of dissolved oxygen in '  the 

be between 90.and 100 % (13)to help 
oxygen concentrations in the test cham- 

.surface water source should be 
ctive to 15 p n o r  less to remove 

be added to prevent 
1) if the salt has been 

organochlorine pesticides and PCBs; it also refers to all 
chlorine that elutes within the specified period. 

8.4.3 The methods used should either (1) be accurate and 
precise enough to characterize the dilutionwater adequately or 
(2) have detection limits below concentrations-that have been 
shownto affect estuarine. and saltwater polychaetes adversely 
(14). . . 

. . 

9. Test Material 
9.1 Generul-The. test material should be reagent-grade5 or 

better unless a test of 'formulation, commercial. product, or 
techuical-grade or use-grade material is specifically needed.. 
The following should be known about the test material before 
a test is begun: 

9.1.1 Identities and concentrations of major ingredients and 
major impurities, for example, impurities constituting more 
than approximately 1% of the material. 

9.1.2 Solubility andstability in dilutioli water. 
9.1.3 Precision and bias' of the analytical method i t t h e  

planned test concentration(s) of thematerial. 
9.1.4 Estimate of toxicity to humans. 

, . 9.1.5 Recommended handling procedures (see section 7.11). 
9.1.6 Estimate of acute toxicity to test species. 
9.2 Stock Solution: 
9.2.1 In some cases, the test solutioncan be added directly 

to the dilution water, but usually it is dissolved in a solvent to 
form a stock solution that is then added to the dilution water. If 
a stock solution is used, the concentration and stability of the 
test material in it and the dilution water should be determined 
before beginning the test,. If the test material is subject to 
photolysis, the stock solution should be shielded from light. 

9.2.2 Except possibly for tests on hydrolyzable, oxidizable, 
'and reduciblematerials, the preferred solvent is dilution water, 
although filtration or sterilization, or both, might be necessary. 
Deionized or distilled water may beused if the salinity of the 
dilution water will not be affected. Several techniques have 
been developed specifically for preparing aqueous stock solu- 
tions of slightly soluble materials (15). The minimum neces- 
sary amount of strong acid or base may be used in the 
preparation of an aqueous stock so'lution, but such acid or base 
might affect the pH of test solutions appreciably. The use of a 
more soluble form of the test material, such as chloride or 

"eogenr Cltcmicoir. American Chcmicol Soeier),Speeificnriom. Amuiean 
Chemical Society. Washington, DC: For suggestionson the tcsting of reagents not 
listed by lhe American Chemical Society, set Anolar Standards for Lobomlory 
Chemicolr, BDH Lul.. Pwic, Dorser U.K.and the United Stares Pha-opeia 
and N~ItianolFormuloq~,U S Pharmaceutical Canvention,loc. (USPC).RockiUe. 
MD. 



sulfate salt of organic mines, sodium or potassium salts of 
phenols and organic acids, and chloride or nitrate salts of 
metals, might affect the pH more than the use of the minimum 
necessary amounts of strong acids and bases. 

9.2.3 If a solvent other than dilution water is used, its 
concentration in the test solutions should be kept to a minimum 
and should be low enough that it does not affect the survival of 
the polychaetes. Triethylene glycol is often a good organic 
solvent for preparing stock solutions because of its low toxicity 
to aquatic animals (lfi),low volatility, and strong ability to 
dissolve many organic chemicals. Other water-miscible or- 
ganic solvents such as methanol, ethanol, and acetone may also 
be used, but they might stimulate undesirable growths of 
microorganisms, and acetone is also quite volatile. If an 
organic solvent is used, it should be reagent-grade5 or better, 
and its concentration in any test solution should not exceed 0.5 
mLL. A surfactant should not be used in the preparation of a 
stock solution because it might affect the form and toxicity of 
the test material in the test solutions. (These limitations do not 
apply to any ingredient of a mixture, formulation, or commer- 
cial product unless an extra amount of solvent is used in 
preparation of the stock solution.) 

9.2.4 If no solvent other than water is used, ( I ) a dilution 
water control must be included in the test and (2) the 
percentage of organisms in the control that show signs of 
disease or stress such as discoloration, unusual behavior, or 
death, must be 10 % or lower. 

9.2.5 If a solvent other than water is used and the concen- 
tration of solvent is the same in all test solutions that contain 
test material, (I)at least one solvent control, containing the 
same concentration of solvent and using solvent from the same 
batch used to make the stock solution, must be included in the 
test, and (2) a dilution water control must be included in the 
test. The percentage of organisms that show signs of disease or 
stress, such as discoloration, unusual behavior, or death, must 
be 10 % or lower in the solvent control and should be 10 % or 
lower in the dilution water control, ifone is includedin the test. 

9.2.6 If a solvent other than water is used and the concen- 
tration of solvent is not the same in all test solutions that 
contain test material, both a solvent control, conmning the 
highest concentration of solvent present in any other treatment 
and using solvent from the same batch used to make the stock 
solution, and a dilution water control must be included in the 
test. The percentage of organisms that show signs of disease or 
stress, such as discoloration, unusual behavior, or death, must 
be 10 % or lower in the solvent control and in the dilution 
water control. 

9.2.7 If a solvent other than water is used to prepare a stock 
solution, it might be desirable to conduct simultaneous tests on 
the test matenal using two chemically unrelated solvent.; or 
two different concentrations of the same solvent to o b m  
information concerning the possible effects of solvent on the 
test results. 

9.3 Test Conceniration(s): 
9.3.1 If the test is intended to allow the calculation of an 

LC50, the test concentrations (see section 11.1.1.1) should 
bracket the predicted LC50. The prediction might be based on 
the results of a test on the same or a sinular test material with 

the same or 'a similar species. 
available, it is usually desirable 
in which groups of five or more 
to 96 h to a control and three to five concentrations of the 
matenatthat d i e r  by a factor 
between the range-finding test and the actual test, the 
useful the range-iinding test will be. 

9.3.1.1 If.the test is 

significant suppression in the numb 
compared to the control, the results 

concentration at w 
reproduction is generally be 
than the. 96 h LC50 for polychaetes (1). 

9.3.1.2 If necessary, concentrations above solub 
be used because organisms in the real world are 
exposed th concentrations above so 
bility in dilution water is often no 

a greater percentage of test organisms than will the conc 
tion that is the solubility limit; such information is ce 
worth knowing. 

9.3.2 In some (usually regulatory) si 
to determine only (1)whether a specific conc 
material is acutely toxic to the .test species or 
LC50 is above or below a specific concentrati 
the specific concentration might be the wn 
in the surface water, the concentration 
application of the material-to a body of xater, or the 
limit of the material inwater. When there is interest o 
specific concentration, it is often neces 
concentration (see 11.1.5). and it is not necessary to 
determine the LC50. 

lo. Test Organism 
10.1 Species-Test species are usually selected 

of geographical distribution, availability, ease of 
the laboratory, and past successful use. The appe 
guide provide information for the collection, iden 
culture of four species of polychaetes used in toxicity tes 
Nemthes arenaceodeniaia, Capifella capiiata, Ophryo 
diadem, and Dinophilus gymciliatus. Use of thesesp 
encouraged in order to increase the comparability of 

10.2 Age--The age of the test species suitable for 
. ,of toxicitv test is indicated in Table 2. 

10.3 Source-It is generally more convenient to; 
specimens from a supplier rather than to use field-cd 

TABLE 2 Age of Test able tor Each w e :  

capsu e. 



specimens. Cultures of all four species are maintained by the 
Department of Biology, California State University, Long 
Beach, Long Beach, California. Cultures of Neanthes arena- 
ceodentata is also maintained by the Environmental Division, 
U.S. Army Corps of Engineers, Vicksburg, Mississippi. Cul- 

I 
nues of Dinophilus gyrociliatus are also maintained by the 
U.S. Geological Survey, Texas. If field-couected specunens are 
to be used in testing, it is desirable to establish fresh cultures of 

diaderna, or Dinophilus gy-
cycle precludes a 14-day 

,,laboratory acclimation period. It is possible to hold Neanthes 
fqr 14 days before testing 
od, water, temperature, and 

cessfully through many generations in the labora- 
procedures for collecting, identifying, and cultur- 
cies are given in Appendix XI-Appendix X4. 

co~tamina$s should be compared to that of 
d freshly from the field to ensure that apparent 
es do not affect their sensitivity to toxicants. 

t is not necessary to feed these species of 
an acute (96 h) toxicity test. It is necessary 
ies during chronic and life-cycle' tests. 
be provided as thefood source for main- 

gand culturing these species,.as specifiedin the appen- 
ring chronic or life-cycle tests,Neanthes 
d be fed fish food flakes6 on an every- 

(dryweight) per animal. 

s of this .suspen$on is added to each 
mocha diadem and Dinophilus 

50 pL of a 0.5 % spinach food 

chaetes are obtained from a sup- 
d fully, to the test temperature 
their use in a toxicity test. On 

are being cultured by the 
the acclimation period is not 

conducted under the same 

used in a test must be in 
qualified polychaete taxono- 
that the animals in the test 

Uation are all of the same species. 
ontainers should be checked 
st. Individuals that appear 

9 t h ~Or dead should be discarded. If more than 5 % of the 
during the 48 h preceding 
discarded and not used in 

R8hfoadflakessuch as TcVsMdn, available fmm many pctfoad distribulors. 
.: btm.foundsuitable for this purpose. 

the test. It is necessary to examine Capitella capitata, Ophry- 
otrocha diadem,  and Dinophilus gyrociliants under a dissect- 
ing microscope to determine the health of these species. 

10.6.2 Analysis of the test, species Neanthes arenaceoden- 
tata and Capitella ca$ifata for the test material, if it might. be 
present in the environment, and other chemicals t o  which 
exposure might,have ocnured is desirable. It will not be 
possible to-analyze either Ophryotrocha d iadem or Dinophi-
lus gyrociliaw for chemicals because of their small size. 
Polychaetes may be used without chemical analysis if the 
specimens are obtained from an area that is monitored for 
chemical contamination and known to be free of toxicants and 
they are held in clean, uncontaminated water and facilities.. It is 
not necessaryto perform a chemical analysis if the specimens 
are obtained from laboratory cultures that are cultured in clean, 
uncontaminated water and facilities. Polychaetes from con- 
taminated areas shouldnot be used in toxicity tests unless the 
experimental design specifically requires the use of that popu- 
lation. 

10.6.3 ~ h e ' s u k i v a i  of polychaetes in control sea water 
during the test is anindication of the health of the population 
and other factors. The test must be considered invalid if a mean 
mortality above 10 % occurs in the conkols in acute tests,or 
more than 20 % occurs &I the controlsof chronic or life cycle 
tests. A life-cycle test must be considered invalid if the animals 

. .
fail to reproduce in the control. 

10.6.4 Reference toxic&, migbt be 'useful for monitoring 
the quality and sensitivity of the test organisms. 

10.6.4.1 Areference toxicant can be useful for assessing the 
sensitivity of 'differentpopulations or species of polychaetes, or 
seasonal variation in the sensitivity of field-collected popula- 
tions. Such assessment is usually conducted 3imultaneously 
with the toxicity test. Many chemicals have been used or 
evaluated for use as reference toxicants (17). None has been 
proven to be a reliable indicator of the overall quality of any 
species or test results: A reference toxicant is likeIy to be more 
useful when used in conjunction with tests on materials that 
have the same mode of action as the reference toxicant. 
However, frequent changing among reference toxicants can 
reduce the value of reference toxicant data if there is not an 
adequate history of use with each procedure, species, and 
laboratory. 

11. Procedure 
11.1 Experimental Dmign-Decisions concerning aspects 

of experimental design, such as the dilution factor, number of 
treatments, and numbers of specimens and replicates, should be 
based on the pupose of the test and the type of procedure that 
is being used to calculate the results (see Section 14). One of 
the following three types of experimental design will probably 
be appropriate in most cases. 

11.1.1 Acute Test-An acute test is generally conducted for 
a 96 h period and is intended to measure the toxicity, as 
determined by survival or death, of a test material. 

11.1.2 Chmnic Test-A chronic test is conducted for a 
period of time greater than 96 h. Survival and death is used as 
the measure of toxicity. However, because of the short life 
cycle of Dinophilus gyrociliarus, the acute and chronic tests are 
the same. The cbronic test with Ophryotrocha diadem canmn 



for 10 days, for 14 to 21 days with Capitella capitata, and for 
up to 28 days w~th Neanthes arenaceodentata. 

11.1.3 Life-Cycle Test-A We-cycle test begins with juve- 
nile polychaetes and extends until they lay eggs. These four 
specles lay their eggs in either the parent's mucoid tube or in 
a capsule, and all are fertilized at the time of laying (sea 
Appendixes). The number of embryos laid per female is used 
as the measure of toxicity of the test material. The life-cycle 
test requires three months for Neanthes arenaceodentata, five 
weeks for Capitella capirata, four weeks for Ophryo~cha 
diaderna, and ten days for Dimphilus gymciliam. Each of 
these tests can be extended to determine the viability of the 
embryos. 

11.1.4 Acute and chronic tests intended to allow the calcu- 
lation of an LC50 and We-cycle test$ intended to measure the 
effect on reproduction usually consist of one or more control 
treatments and a geometric series of at least five concentratious 
of test material. In the dilution water or solvent control(s), or 
both (see 9.2.3-9.2.5), polychaetes are not exposed to test 
material. Except for the control(s) and the highest concentra- 
tion, each concentration should be at least 60 % of the next 
higher one, unless information concerning the concentration- 
effect curve indicates that a different dilution factor is more 
appropriate. At a dilution factor of 0.6, five properly chosen 
concentrations will often provide s ~ c i e n t  data for several 
durations (see section 11.10.3) and are a reasonable compm- 
mise between cost and the risk of all concentrations being 
either too high or too low. 

11.1.5 Although most toxicity tests use five test concentra- 
tions plus contml(s), in some instances it might be necessary to 
determine only whether a specific concentration affects sur- 
vival. If this is the case, only that concentration and the 
control(s) are necessary. R o  additional concentrations at 
approximately one-half and two times the specific concentra- 
tion of concern are desirable in order to increase confidence in 
the results. 

11.1.6 The primary focus of the physical and experimental 
design of the test and the statistical analysis of the data is the 
experimental unit, which is defined as the smallest physical 
entity to which treatments can be assigned independently (18). 
In general, as the number of test chambers (that is, experimen- 
tal units) per treatment increases, the number of degrees of 
freedom per treatment increases, and, therefore, the width of 
the confidence interval on a point estimate decreases, and the 
power of a hypothesis test incteases. With respect to factors 
that might affect the results within test chambers and, therefore, 
the results of the test, all chambers in the test should be treated 
as similarly as possible. For example, the temperature in all test 
chambers should be as similar as possible unless the purpose of 
the test is to study the effect of temperature. The test chambers 
are usually arranged in one or more rows. Treatments must be 
assigned randomly to individual test chamber locations and 
may be reassigned randomly during the test. A randomized 
block design (with each treatment being present in each block, 
which may be in a row or a rectangle) is preferable t6 a 
completely randomized design. 

11.1.7 The effect of the test material on survival and 
reproduction cannot be determined accurately if any factor that 
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affects one or more of them is too dissimilar between exp 

determined until gametes begin to fom, it may be imp0 
to &tennine whether any sexual difference exists inthe 
of a particular toxicant. This is true for Neanthesarenaceo 
tam. The sexes of Capitella capitata can be distin 

emerge from the egg capsule (see Appendix X3 

X4). 


organisms per treatment should be calculated 

expected variance within test chambers, '(2) 


test concentration is more than 60 %,of the next higher 
fewer organisms per concentration of test 
conaol treatment(s), may be used. If such 
made, at least 10 organisms should be exposed to 
treatment. Organisms in a treatment should be divided be 
two or more test chambers in order to p 
experimental e m  (19). If the control 

conml treatment(s) than for each.0 

11.2 Test Condition Specifications: 
11.2.1 Dissolved Oxygen-The concentration of dissolv 

oxygen in each test chamber must be from 60 to 100%' 
saturation (13) during the entire t 

necessary only to aerate Neanthes arenaceodentata and 
tella capitata during the life- 
should be the same in all test chambers, including the c 
trol(s), throughout the test. If aeration is used, it might 

determine aeration affects the test results. 

1°C of the selected 

the highest and low 


more than one test chamber, the highest and lowest tempe 
twes must not differ by more than 2°C. 



5 to 30 gkg. If a test salinity other than the 

e iaboratory should be main- 

number of one organism 
t of a second organism 

amber from each test concentration plus control(s)) to be 
sed together in order to avoid possible selective bias 

.5 Acute Tests-Glass petri dishes, 100 mm in diameter 
mm deep, should be the containers used for acute tests 

Neanthes arenaceodentata and Capitella capitata. 
der dishes or smaller sized petri dishes are recommended 

for tests involving ~ ~ h ~ o r r o ~ h a  diadem and Dinophilus 

animals during chronic tests, as specified in 11.5. 
Tests-A 3.78 L jar should be used for 

with N. arenaceodentata and Capi- 
in Appendix X1 and Appendix X2. 

for the life-cycle tests with 
gyrociliatus, as out-
AU species'must be 

be fed during a chronic or life-cycle test, as specified in 
11.4.1-11.4.4,as well in Appendix X1-Appendix X4. 

11.4.1 Neanthes arenaceodentata should be fed every other 
day at therate of 8 mg fish.food flakes6 per worm for both the 
chronic and life-cycle tests. It is important to observe each 
chamber prior to feeding in order to make certain that there is 
no accumulatiou of uneaten food. Worms are frequently unable 
to feed in the high concentrations of a toxicant, andxneaten 
food can reduce water quality in the chamber. 

11.4.2 Capirella capitata should be fed fish food flakes6 at 
the rate of 0.1 mg per worm at the beginning of the test and 
every 7 days for the duration of the experiment. It is important 
to observe each chamber prior to feeding in order to make 
certain that there is no accumulation of uneaten food, which 
can reduce the water quality. 

11.4.3 Ophryotrocha diadema is fed fish food flakes6 at the 
beginning of the test and at 14 days at the rate of 2 or 3 drops 
from a Pasteur pipette of a mixture of 0.1 g of fish food flakes6 
in 50 mL of sea water. If the iest is extendedbeyond 28 days, 
the worms should be'fed at 28 days at the same rate: ' 

11.4.4 Dimphilus gymciliatus is fed 0.5 mL of a 0.5 % 
solution of either fish food flakes6 or spinach, only at the 
beginning of the test. 

115 Duration of ~est-The test period is 96 h for the acute 
test. for a l l  species. The test duration is 7 to 10 days for a 
life-cycle test with Dinophilus gyrociliatus. The test period is 
14 days for a chronic test and 10 to.35 days for the life-cyclk 
test with Capitella capitata and Ophryotrocha diadem..The 
test period is 20 days for a chronic test and 2 to 3 mouths for 
the life-cycle test for Neanthes arenaceodentata. 

11.6 Biological Data: ,,.,; 

11.6.1 The criteria for death of polychaetes are opaque 
white coloration, immobility (especially the absence of move- 
ment of parapodia), and lack of reaction to gentle prodding. 
Dead polychaetes must be counted, recorded, and removed 
daily. Live animals must be counted at.the beginning of the 
experiment and daily to account for cannibalism or death 
resulting from impingementon the sides of test compartments. 
Missing or impinged animals should be recorded as such. 

11.6.2 Live test organisms should not be stressed in an 
attempt to determine whether they are dead,. immobized, or 
otherwise affected. The prodding of organisms and movement 
of test chambers during testing should be done very gently. 

11.6.3 The number of dead organisms in each test chamber 
should be counted every 24 h after the be,*ng of the test. 
Counts should be performed more often if the shape of the 
toxicity carve is to be defined. A suggested schedule is to count 
the number of dead and affected organisms in each chamber at 
3, 6, 12, and 24 h after the be-.inning of the test and twice per 
day thereafter until the end of the test. 

11.6.4 Dead organisms should be removed at least once 
every 24 h if it can be done without stressing live organisms. 

11.6.5 All polychaetes used in a test should be destroyed at 
the end of the test. 

11.7 Other Measurements: 
11.7.1 Warer Qunliry-When dilution water is used, its 

hardness, alkalinity, conductivity, and pH should be measured, 



and the measurement of calcium, magnesium, sodium, potas- 
sium, chloride, and sulfate is desirable. If a saltwater dilution 
water is used, its salinity and pH should be measured. 
Measurements of ammonia, particulate matter, total dissolved 
gas, and TOC are desirable. The dissolved oxygen concentra- 
tion must be measured in at least one chamber in each 
treatment at the beginning and end in the control and the high, 
medium, and low test concentrations as long as live organisms 
are present. The dissolved oxygen must be measured at least 
every 48 h during the life-cycle tests mth Neanthes arenaceo- 
dentata and CapiteNa capitata. The pH should be measured in 
at least one test chamber in each treatment at the beginning and 
end of the test in the control and in the hgh, medium, and low 
concentrations of the test material. 

11.7.2 Temperature: 
11.7.2.1 Throughout acclimation, temperature should be 

measured at least hourly, or the maximum and minimum 
temperatures should be measured daily. 

11.7.2.2 In all tests, either ( I )  in at least one test chamber 
the temperature must be measured or monitored at least hourly, 
or the maximum and minimum temperatures must be measured 
daily; or (2) if the test chambers are in a water bath or a 
constant-temperature mom or incubator, the temperature of the 
water or air must be measured at least hourly, or the maximum 
and minimum temperature must be measured at least daily. In 
addition, temperature must be measured concurrently near both 
the beginning and end of the test in all test chambers or in 
various parts of the water bath, room, or incubator. 

11.7.3 Test Material: 
11.7.3.1 If the test material is dispersed uniformly through- 

out the test chamber, water samples should be taken by 
pipetting through a glass tube from a point midway between 
the top, bottom, and side of the test chamber and should not 
include any surface material. If test material might be lost due 
to sorption onto the walls of the sample container, the container 
and the siphon or pipette should be rinsed in the test solution 
before collecting the sample. Water samples should be col- 
lected directly into containers of appropriate size, from which 
the test material can be extracted or analyzed directly. If the 
test material is not dispersed uniformly in the test chamber, the 
whole volume of the solution in the test chamber should be (1) 
used as a sample or (2) treated appropriately (for example, by 
adding acid, base, or surfactant and mixing thoroughly) to 
distribute the test material uniformly before a sample is taken. 

11.7.3.2 If some of the test material is not dissolved, 
measurement of the concentration of dissolved test material in 
the treatment might be desirable. 

11.7.3.3 If possible, the concentration of test material 
should be measured in at least the control and high, medium, 
and low concentrations of test material at the beginning of the 
test (see 14.1). The measurement of degradation products 
might be desirable. 

12. Analytical Methodology 
12.1 If samples of the dilution water stock solution or test 

solutions cannot be analyzed immediately, they should be 
handled and stored appropriately (19) to minimize the loss of 
test material by microbial degradation, hydrolysis, oxidation, 
photolysis, reduction, sorption and volatilization. 
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12.2 Chemical and physical data should 
appropriate ASTM standatds whenever possible. For 
measurements for which ASTM standards do not exist 
not sufficiently sensitive, methods should be obtained 
other reliable sources (20). The concentration of nonio 
ammonia may be calculated from pH, temperature, and 
centration of total ammonia (21). 

sources (22). 
12.4 The analyticsl method used to me 

tion of toxicant in test chambers must be validated be 

toxicant is desirable. The "dissolved" fraction is usu 
defined and determined as that which passes through a 0.45- 
membrane filter. 

13. Acceptability of Test 
13.1 The acute, chronic,'or life-cycle tests s 


considered unacceptable if one or more 

occurred, except, for exaniple, that if temp 


However, if temperature was measured only 
of times, one deviationof more than 3°C might indicate 
more deviations would have been found 
measured more often. 

13.1.1 All test chambers and compamnents were no 
tical. 

13.1.2 Treatments were not assigned randomly to indivi 
test chamber locations. 

13;13 A required dilution water or solvent control 

included in the test. 


13.1.4 All animals in the test population were not from 
same location or culture. 

13.1.5 Individual test organisms were not assigned 
tially or randomly to test chambers or compartments. ' :" 

13.1.6 More than 10 % of the organisms in any req 
control treatment died during the acute test or more than 
died dming the chronic or life cycle test. 

13.1:7 Dissolved oxygen and temperature were not 
surd  as s~ecified in 11.11. 

13.1.8 Any measured dissolved oxygen conc 

not between 60and 100 % of saturation in a test. 


13.1.9 The ditFerence between the time-weighted 

measured temperatures for any two test chambers was 

than 1°C. 


13.1.10 Any individual measured temperme 

chamber was more than 3°C different from the 

time-weighted average measured temperatures 

vidual test chambers. 


13.1.11 The difference between the measured tempera 



in any two test chambers was more than 2°C at any one time. 
13.1.12 The salinity deviated beyond the optimum salinity 

of 30 to 35 g/kg for Neanthes arenaceodentata, Capitella 
capitafa, and Ophryotrocha d iadem and 25 to 35 g/kg for 
~inophilus gyrociliarus at any one time. 

13.1.13 Cultured and newly caught worms differed substan- 
,.tidy in response (see 10.3.1): 	 . . , . . , 

.,.13.2 The calculations of anLC50 should usually be consid- 
eredunacceptable ifeither or both of the.following occurred: 

13.2.1 No treatment other than a control treatment killed or .. 


Btfected less than 37 % of the polychaetes exposed to it 

13.2.2 No treatment W e d  or affected more than 63 %of the 

polychaetes exposed to it. 

4.1 Acute and Chronic Tesfs: 
4.111 The LC50 arid its 95 % confidence limits shouldbe 

toxicity tests produce quanta] 
or dead. A variety of 
LC50 and its 95 % 

antal data that is binomially 

nt dead is between zero and 100, but the most widely 

er of test chambers per 

0 should lie. If desired, 
d to obtain an approxi- 

.1 The primary datato be analyzed from a life-cycle test 
polychaetes are those.on (I)the survival of the parent 

-&'eneration, (2) the number of eggs or embryosproduced by 
each female, (3) the survival of the embryos, and (4) the 
Concentration of test material in the test solution in each 
keatment. No special treatment is required for males and 

females. 
-14.2.2 The number of alive and dead specimens of the 

Parent generation in each chamber can be used to calculate the 
LCSO:as indicated in 14.1.2. 
':::.14~2.3 The number of individuals of Ophryotrochndiadem 

:Or. .Dinophilus gyrociliarus in each compartment of each 
reatment a,counted and compared to the contgl using the 
'40nP~ametricMann-Whimey Test (23).Both Neanthes arena- 
Feodenrata and Capitella capitata lay their eggs, which are 
YnCubated by a parent, in a tube (Appendix X1 and Appendix 

The number of eggs laid within each tube can be counted 
"rider a dissecting microscope. The number of eggs laid per 

. Within a test concentration is compared to the control 
""g the uon-baramehic Mann-Whitney Test (23). Data from 

the life-cycle tests are used to determine that concentration at 
which there is a suppression of reproduction. 

14.3 The precision of the toxicity testis dependent on the 
number of replicates, number ofindividuals, and variability of 
the effect among replicates. Toxicity tests with polychaetes 
usually usefive test concentrations plus control(s), with two or 
three replicates of 20 polychaetes per replicate. Increasing the 
number of replicates per testconcentration might impmve the 
precision of the toxicity test. For example, four replicates of 10 
polychaetes each rather than two replicates of 20 polychaetes 
each might increase the precision of'the .test. 

14.4 An LC near an extreme of toxicity, such as an LC5 or 
LC95, should not be calculated unless at least one concentra- 
tion of test material killed or affected a percentage of test 
organisms, other,than 0 or 100 %, near the percentage for 
which the LC is to be calculated. Other ways of providing 
information concerning the extremes of toxicity are (1) to 
report the highest concentration of test material that actually 
killed or affected no greater a percentage of the test organisms 
than did thecontrol treatment(s) or (2) to report the lowest 
concentration of testmaterial that actually killed or affected all 
test organisms exposed to it. ,These alternatives are usually 
more reliable than reportinga calculated result such.as an LC5 
or LC95 unless several percent killed or affected were obtained 
close to 5 or 95 %. 

14.5 It might be desirable to perform a hypothesis test to 
determine which of the tested concentrations of test material 
killed ,or affected a statistically significant number of the 
expos'd organisms. If a hypothesis'test is to be performed, the 
data should first be examined using appropriate outlier detec- 
tion procedures and heterogeneity tests. A pairwise comparison 
technique, contingency table test, analysis of variance, or 
multiple comparison procedure appropriate to the experimental 
design should then be used. The presentation of results of each 
hypothesis test should include ihe test statistic and its corre- 
sponding significance level, minimuin detectable difference, 
and power of the test. ' '' , 

. . .  
15. Report . . . . . . . , . . . 

15.1 Include the following~infonnatiou, either directly or by 
reference to other available documents, in the record of results 
of awacceptable acute toxicity test: . .  , 

-15.1.1 Name of test and investigator(s), name and location 
of laboratory, and dates of initiation and terminatiou.of the test. 

'15.1.2 Source of test material,its lot number (if applicable), 
composition (identities and concentrationsof major ingredients 
and .impurities, if known), known. chemical and physical 
properties, and the identity and concentration(s) of any solvent 
used. 

15.1.3 Source of the dilution water, its chemical character- 
istics and a description of any pretreatment, and results of any 
demonstration of the acceptability of the watet to an aquatic 
species. 

15.1.4 Source of brood stock, place and date of collection (if 
from a wild population) of .the .test organisms, scientific name, 
name of person who identified the organisms and the taxo- 
nomic key used, observed diseases or unusual appearance, 
treatments,holding and acclimation procedures, and age of the 
polychaetes atthe beginning of the test. 



15.1.5 Description of the experimental design, test cham- 
bers and covers, depth and volume of 
chambers, temperature, saliniiy, lighting, m 
the test, and number of polychaetes and cham 
treatment. 
15.1.6 Average and range of the measured co 

dissolved oxygen (as percent of sahlration) for each 
and a description of any aeration performed on test solutions 
before or d u h g  the test. 

15.1.7 Averages and ranges of the acclimation a d  test 
temperatures and method(s) of measuring or monitoring, or 
both. 

15.1.8 'Schedule for obtaining samples-of test solutions and 
methods used to obtain, prepare; and store the samples. 

15.1.9 Methods used for and results (with standard &via- 
tions or confidence limits) of chemical analysis of the water 
quality and concentration(s) of test material, impurities, and 
reaction with degradation products, including validation stud- 
ies on other effects. 

15.1.10 Definition of the effect(s) used for calculating 
EC50s and asummary of general observations on other effects. 

15.1.11 Table of data on the number of test organisms 
exposed and killed at .various times throughout the test in.each 

test chamber in each, treatment, including the control(s), 

measured 

ingredient. 
'15.1.13 Anything unusual concerning the test, any devi 

identify the procedures used and quality of 

16. Keywords 

chronic toxicity tests; Dinophilus gyrociliatux 
ranments; experimental design; exposure tests; 

APPENDIXES 


o~onmandatory Information) 

XI. NEANTagS ARENACEODENTATA-LIFE-CYCLE CULTURETECHNIQUES 

X1.1 Introduction-Neanthes arenaceodenrata is widely 
distributed throughout the world; it has been collected in New 
England, Florida, California, Baja Califomi&'Hawaii, Central 
Pacific, and Europe, pn&ly from estuarine intertidal sand or 
muddy sand beaches (1). Population densities as high as 
1000/m2 have been observed. The polychaete lives in the 
sediment, where it constructs non-permanent mucoid tubes that 
consist of sediment, food, and fecal material. Specimens will 
measure up to 10 cm in length and are tan t o  yellow in color. 
Sincemanymembers of the family Nereidae. are similar insize, 
color, and appearance, N. arenaceodentara can be distin- 
guished from the other species by the possession of a continu- 
ous ring of paragnaths aroundAreas V-VIII of the everred 
proboscis and by a hooked tip present on the blade of the 
neuropodial heterogomph seta (Fig. X1.l and Pig. X1.2). It is 
necessary to kiU theanimalin order to see these distinguishing 
characters. A laboratory population of tbis species has been 
maintained by the depamnent o f  Biolog~, W o m i a  State 
University, Long Beach, Long Beach, California, since 1964. 
Cultures of this species are also maintained by the Environ- 
mental Division, U.S. Army Corps of Engin 
Mississippi, and by the Marine Laboratory, U.S. 
tal Protection Agency, Narragansett, Rhode Island. It may be 
more convenient to obtain laboratory-reared specimens from 
one of these laboratories rather than to obtain th 
collections. A difference in the chromosome numbers has been 

mll-rfprl 

FIG. XI.? , v e s n ~  

from CalIfomia and collected 
field in Co~lnecticut and Hawaii. l-hus far, the Conne 
Hawaii populatiom have not been used as a test org 
toxicological 

foods. Pesch and Schauer (25) made a. comparis 



'/

FIG. X1.2 Naanthes arenecaodentata, Neuropodlal Heterogomph 

Faloigerous Seta WW a Hook at the np 

once a week. The food must be soaked in 
eding. The amount of food provided will 

size of the worms, and whether the 
much or too little food should be 
ng. Overfeeding usually leads to the 
on the bottom of the aquarium. The 
should be checked periodically and 
ace that lost by evaporation. Nearly 

should be changed once per 

m the bottom and place them 
1 cm of sea water. The 

tube masses, and they can 

FIG. X1.3 Neanthes arenaceodentata of the Same Sax in Fighting 
Positlon 

X1.3.2.1 The mature ova of N. arenaceodentata measure 
0.5 to 0.6 mm in diameter. The eggs are probably released 
through breaks in the body wall between successive parapodia. 
After laying her eggs, the female dies within two to three days 
or can be eaten by the male. Fertilization has never been 
observed, but it is probably external. The fertilized eggs are 
clumped in the central part of the tube around the mid-body 
region of the male. 

X1.3.3 Emb~yo  and Lawal  Stages-The early stages of 
development through the 18 to 21 segmented stage proceeds 
within the tube of the male. The male circulates water through 
the tube with his body undulations. N.aremceodentata, with 
its lecithotrophic egg, lacks a free-swimming trochophore 
larval stage characteristic of most polychaetes. The larvae do 
not feed but rather use the yolk as a source of energy. The 
larval body shape is distorted as a result of the yolk reserves 
(Fig. X1.4 and Fig. X1.5). When the yolk supply is depleted at 
approximately the 18 to 21 segmented stage, the young wonn 
leaves the tube and commences feeding (Fig. X1.6). The early 
development within the male's tube generally takes three 
weeks under laboratory conditions (26). As soon as the young 
are observed leaving the tube, the juvenile worms should be 
placed in an aquarium and handled as indicated in X1.3.2. The 
male needs to be fed while the latvae develop since he may eat 
the larvae otherwise. 

FIG. X1.4 Naanthes arenaceodmtata,Three Segmented Larva 
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FIG. X1.5 Neanthas arenaceodentata, 12 Segmented Stage 

, 

FIG. X1.6 ~eanfhes~reneeeodenfa~,Juvenile, Wlth 21 Segments 

and Has Just Left the Parent's Tube and Commenced Feedlng 


X2. WITELLA CAPITATA-LIFE-CYCLE c U L m  TECHNIQUES 

X2.1 Introduction-Capitella capitata is a cosmopolitan 
species that is generally found in estuarine waters. It has been 
described as a non-competitive or opporttmjstic species be- 
cause it flourishes in the absence' of other polychaete species. 
Capitella is found in large numbers in the benthos in the 
vicinity of domestic sewageoutfalls. This occunence suggests 
that it is generally a pollution-tolerant species (27). However, 
tolerance of conditions around sewage outfalls does not nec- 
essarily indicate tolerance of all chemical pollutants. Speci- 
mens generally measure less than 2 cm in length, although 
larger individuals' occur, especially in the vicinity of domestic 
sewage outfalls. Healthy specimens are bright red in color, and 

unhealthy or old specimens are darkred to brown 
Grassle and Grassle (28) have described sibling sp 
Capifella that are distinguished by the moxpholog 
anterior and posterior ends, arrangement of teeth on th 
hooks, weight of the specimens, method. of repro 
diameter of the eggs, number of eggs laid, and length o 
life. Using their sibling species classification, Type 2.h 
the sibling species used in environmental studies (29)' 
type whose culture techniques are described herein. Cul 
Capitella capitata have been maintained since 1968 
Depargent of Biology, California State UniversitYi 
Beach, Long Beach, California. 



8; 

s 
X2.2 Feeding Requiremenis-Both n a d  and commercial 

! foods have.been used to feed Capitella, but fish food flakes6 is 
erhaps the most convenient. Stock colonies of adults can be i	 P , ./ 	 r n s m ~ e din 3.78-L aquaria (1-gal jars). Approximately 0.1 g 

of finely ground fish food, flakes6 should be added to each 
'L aquarium each week; however, the powdered food must be 
; &ed with seawater prior to feedimg. 

I: 	 ,-X2.3 Culture Techniques for Capitella capitata--Stock 
: 	 of Capitella can be maintained at room temperature in 
,578-Laquaria provided with 2.5 L of filtered seawater and an 

, 	.. 
.; &stone connected to an air supply. It is not necessary to 
' povide'a substrate; the food provides sufficient substrate for 
- this species. It is not necessary to change the water; however, 
: the entire colony is usually divided and placed in two or more 
I 	aquaria every 3 to 4 weeks.Placing the colony in clean aquaria 

must be done to prevent deterioration of the colony within the -

aquarium after 6-to 8 weeks. New colonies can b;established 
'-from trochophore larvae, as desnibed below, but this is ~. 

..;,generally not necessary. Various stages in the life cycle ine 
I.' , present within an aquarium. 
~ ' ~ . : ~ . 3 . 1  is one of the few Reproductive Stage-Capitella . : .  . 
,-.species of polychaetes that exhibit sexual dimorphism. Spe- 
:..cialized genital hooks appear on the mid-dorsal region of 
$setigerous segments 8 and 9 in males (fig. X2.1); females lack . ~ 

;iilhese specialized setae (Fig. X2.2). Males may be sexed easily 
..$b$observhg the anterior region under a dissecting microscope 
'.tauZ'.checking for the presence or absence of these genital %?. 
~..h~oks..:Developing.,. . .-. ova appear as white masses along the 
'$i%enipm,.,. from segment 10 to 12 to the posterior end; this is the . <$ .  

:~:..-~,mpsiconvenientway to sex females. Copulation occurs, but it 
,,$sprely observed. Sperm are transferred to the female, with ~ , .  

i ; m h t i o n  occurring either internally or externally at the timep$bf: 
. .regg:discharge. The eggs are laid within the tube of the 
$$+de (Fig. X2.3). The tube is a loosely constructed structure 
:3Wisting of mucus, food, and fecal material. The female 
$@ulates water through the tube with her body undulations. 
5Defeailized egg measures approximately 0.25 mm in diam- 
:?ish;:and the color changes gradually from White to gray-green 
:8s.;deve1o~mentproceeds during the next 4 to 6 days. No .... 
'.:?peCial care developing embryos is required in stock ... .. . of 

FIG. X2.2 Capitella capiMta, Female, Dorsal View of Anterior End 

. . 

FIG. X2.3 Capitella capltata, Female lncubatlng Developing 
Embryos; the Embryos are Located Wlthln the Mucoid Tube of 

theFernale 

X2.3.2 Dochophore andinetatrochophore Stages-The tro-
chophore stage is reached approximately 4 to 6 days after 
egg-laying (Fig. X2.4). This stage is capable of moving freely 
within the tube either by ciliary movement or by contraction of 
l o nmmuscles. The trochophore may ~ ~ either swim free of 
the tube and become planktonic or proceed directly into the 
metatrochophore stage within the female's tube (Fig. X2.5). If 
it occurs, the planktonic trochophore of this sibling speciesis 
of shoa duration, and it soon settles to the substrate and 
develops into the metatrochophore stage. The trochophore and 
metatrochophore stages last 1 to 2 days before resembling a 
juvenile worm (Fig. X2.6). Growth is rapid under laboratory 
conditions, with egg masses beginning to develop in the 
coelom of a young female in approximately 20 days. The life 
cycle is completed in 25 to 40 days. Both males and females 
are capable of reproducing more than once. 

X2.3.3 Establishing New Stock Colonies from Larvae- 
Occasionally, it may be necessary to establish new stock 
colonies of Capitella, especially if the exact age of the 
specimens is required. Examine a clump of worms fmm a stock 
colony that was established approximately 3 weeks earlier 
under a dissecting microscope. Look for females incubating 
embryos (Fig. X2.3). If the embryos appear gray-green in 

;y>.

?.,,,a: 	 ,.~.' , I. . , , 

'..*..q&f,.~, ? ~.&?, :.:,.' . 

+:. 
"(J"'w;l~aPltelle cailtata, Male, Doreal Vlew of Anterlor End -

the Genital ~ o o k s  in setigerous segments 8 and 9 FIG. m.4 ~apitella'ca~itata,Trochopnore Lama1 Stage 
&;:. 



FIG. X2.5 

FIG. X2.6 Capltella mpltaata, Juvenile Worm 

color, remove the entire tube and place it in a separate 
container. Tease the tube apart with forceps, which will free the 

X3. OPHRYOTROCHADIADEM-I 


X3.1 Introduction-Ophryorrocha diadem was originally 
known from only two specimens collected from Los Angeles 
Harbor in 1972 (31). More recently, additionally specimens 
have been collected from the harbor as well as from Long 
Beach Marina. No one has attempted to collect them elsewhere 
from Pacific Coast marine waters. The original two specimens 
were taken to Goteborg, Sweden, where cultures are main-
tained by Bertil Akesson. Subcultures from the original two 
specimens have been shipped to different laboratories in the 
United States and Europe, where they have been used in 
environmental studies. Additional culhlres have been estab- 
lished from specimens collected in 1989 and 1990. Ophryozro- 
cha diademnis a minute species; adults measure up to 4.6 mm 
in length (Fig. X3.1). Species of the genus Ophryotrocha are 
very d i c u l t  to identify. Ophryotrocha diadema is known to 
co-occur with 0.labronicapacifica and an undescribed species 

and then place the contents in a 3.78-L aquarium and feed as 
indicated in X2.2 andX2.3. The feeding schedule and reestab: 
.khment of clean aquaria is the same as described in X2.3."-1 

,IFE-CYCLE CULTURE TECENIQUES 

(~kesion,personal communication). They are distinguish 

larvae. The collecting technique is described below; 
for practical reasons, it would be more convenient to 

be removed during this procedure. Pass the remaining m 
in the bucket through a 5.0-mm sieve. Discard the m 
retained on the sieve. Approximately 500 to 700 



to establish a culture. Examine'the animals each day, and 
'remove any dead specimens; do not feed until 24 to 48 h afier 
collection. 

X3.3 Feeding Requirements-Frozen spinach, fish food 
flakes,6 and different green algal species have been used as 
food for Ophryotrocha, and they are all prepared in the same 
manner. The food is placed in a blender and chopped finely. 
The finely ground material is allowed to settle in the blender 
for approximately 5 min, at which time the supernatant are 
poured into a container and used as food. A few drops of the 
suljematant are pipetted into the dish containing animals; the 
amount of food given will depend on the population size. If the 

maintained at room temperature, feed only once 

X3.4 Culture Techniques for Ophryotrocha diadema-The 
life cycle of this species of Ophryotrocha is short, requiring 25 
to 35 days for a complete life-cycle (1, 31). The culture 
techniques described are the same for all stages in the life 
cycle. Ophryotrocha diadema belongs to that group of Ophry- 
otrocha species that is pmtandric hermaphrodites. It has a 
resriicted number of anterior male segments and a restricted 
number of posterior female segments. Presumably, self-
fertilization does not occur. Eggs are laid in linear, mucoid 
capsules (Fig. X3.2). where early development occurs to the 4 
setigerous segmented stage (Figs. X3.3-X3.5).Stock colonies 
are cultured in 3.78-Laquaria. Each aquarium is filled with 2.5 
L of filtered (preferably through a microporous filter system) 

of Adult Worm , 
Ap~roximately40 to 50 are placed in each 

aquarium and fed as previously indicated. Aeration is provided 
with an air stone. The stock colony should be fed once per 

reaches its peak numbers in 5 to 6 weeks 
s. A new stock culture is established by 

contents of one or more aquaria into a dark pan. 
pipetted into separate groups of 40 to 50 speci-
new stock culture is started as previously de- 

filtered seawater. Since specimens may 
process, do not place more than five 
h. Only 20 ~ ' 3 0  specimens are needed 
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FIG. X3.3 Ophryotrocha diadema, Lama From Egg Mass 

flG. X3.4 Ophryotmcha dladema, Lama Fmm Egg Mass 

. . , , 

FIG. X3.5 .Ophryotm Released Larva From 

Egg Mass with Four Setlgsmus Segments 


X4. DINOPHILUS GYROCILZATUS-LIFECYCLE CULTURE TECHNIQUES 

X4.1 Introduction-Dinophilus gyrociliatus is a minute the same time. Fouling communities attached to floatin 
(0.5 to 1.0 mm) archiannelid polychaete that is known from docks or pilings in protected waters are collected and pl 
widespread areas of the world. It is typically found in estab- a bucket containing seawater. The material should be s 
lished aquaria at marine biological stations that use d t e r e d  around vigorously in the bucket; during this procedure, 
or partially filtered sea water. The collecting technique is animals, such as mussels and tunicates, should be 
described below, but for practical reasons, it would be more from one another, washed, and discarded. 'The 
convenient to obtain a subculture from some other laboratory; material in the bucket is passed through a 5.0-- slev 
cultures are maintained by the Department of Biology, Cali- material retained on the sieve is discarded, ~ ~ ~ ~ ~ 
fornia State University, Long Beach, Long Beach, California to 700 mL of the material that passed through the S' 
and by the U.S. Fish and Wildlife S e ~ c e ,  Corpus Christi, in a 2 - ~  mecylinder isfilled 
Texas. Dinophilus gyrociliatus has been used in toxicological the top with cleanseawater, ~h~ is wi 
studies with metals (32). pesticides (33). and sediment pore air-ti&t stopper and placed a dark place at room te 
water (34). 	 for 4 to 8 h or overnight. As the dissolved oxygen is 

X4.2 Collecting Techniques-The collecting techniques in the cylinder, Dinophilus gyrociliatus, as well as 
used for Ophryotrocha diadema are identical to those used for animals, migrate to the top of the cylinder. Pipette the mat 
Dinophilus gyrociliatus, and frequently they can be collected at from the top of the cylinder and examine under a diss'? 
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dcroscope. Dinophilw gyrocilintus (Fig. X4.1) ate white in flakes? and different green algal species have been used as 
appearance andlack jaws (which readily distinguishes it from food for Dinophilus. They are prepared in the same manner. 
Ophvotrocha spp.). Pipette the specimens into a second peai The food is placed in a blender and chopped finely. When 
dish containing filtered seawater (through a 0.45-pm filter). . completed, the material is allowed to settle in the blender for 
Since specimens may be injured during this process, do not approximately 5 min, at which time the supernatant fluid is 
place more than five specimens in a petri dish. Examine the poured into a container and used as food. A few drops of the 
dishes each day, and remove any dead specimens; do not feed supernatant are pipetted into each dish containing animals; the 
,until 24 to 48 h after collection. amount of food given will depend on the size of the population. 

If the population is maintained at room temperature, they need 
X4.3 Feeding ~e~uirernent-~rozen spinach, fish food to be fed only once per week. 

X4.4 Culture ~echn i~ues  for Dinophilus gyrocilintus-The 
life cycle of this species is short, requiring only 10 days for a 
complete cycle from egg to egg. Sexual dimorphism is con- 
spicuous in Dinophilus. Two to five eggs are deposited in a 
gelatinous egg capsule in which there is usually one small egg 
and the remaining ones large (Fig. X4.2); The small egg 
develops into a dwarf male, and the large ones develop into 
females. The males and females breakfree from their indi-
vidual egg membrane, and, before they emerge from the 
capsule, the male copulates with the females within the 
capsule. The ma@ dies and. the females emerge from the 
capsule after completion of copulation. Stock colonies. have 
been cultured in' 1 and 3.78-L jars. Cultures should be 
reestablished every 4 to 8 weeks to prevent overcrowding and 
to maintain healthy cultures. Cultures should be fed5.0 mL of 
food every1 to 2 weeks. 

. , 

. . 

FIG. X4.2 DlnophNus gymclllatus, Developlng Embryos In a 
Mucold Capsule; Three Large Embryos Wlll Develop lnto .X4.1 Dlnophllus gyroclllatua, Dorsal Vlew of Adult Worm Females and the One Small Embryo Will Develop Into a Male 
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