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ABSTRACT 

Japhnia magna were exposed to dimethylamine salt of 

2,4 - dichlorophenoxyacetic acid (2,4-D) in two types of tests, 

The first was a test with unfed animals to determine the 

rc 50 values (concentrations at which fifty per cent of the 

population was immobilized) for 24, 48, 72, and 96 hours, 

The second type of test was with fed animals in which rc
50 

values, average instar for orimiparous adults, and rate of 

ecdysis were determined, A total of 2623 young were tested, 

Daphnids were raised in Frear and Boyd's (1967) 

medium and fed yeast and Scenedesmus obliguus, The test 

temperature was 21°c ± 10. The light period was sixteen 

hours, The concentrations used of 2,4-D were 1, 2, 3, 5, 

10, 20 , 30, 40 , 50 75, 100, 150, 200, and 300 mg/liter, 

The 1c 50 values for unfed animals for 24 hours were 

~r ea ter than 300 ppm; for 48 hours, 192 ppm; for 72 hours, 

156 ppm; a nd for 96 hours, 144 ppm, In comparison the fed 

animals' rc 50 valu es up to 144 hours were gre a t er than 300 

ppm, At 144 hours the IC 50 value was 138 ppm . There was 

comp a rison of the r ates of ecdysis of 28 runs of the various 

test concentrations and seven control tests, Th ere were too 

many conflicting si gn ificant and non-signifi cant values 

t o evaluate the data, There was littl e change in the avera ge 



in s t a r for pri mipa rou s adults, but 2,4-D did appea r to 

a f fe ct th e surfac e tens ion and decrease t he amou nt of dap h­

ni ds entr ap ped in it. It app ea r s t hat the feed i ng of t P.s t 

anim a ls does produce different effect s . The typical unfed 

t es t has its merit, but one should not expect the same 

results in nature. Further testing is ne eded in the compari­

son of unfed to fed daphnids in pesticide studies. 
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CHA PTER I 

INTRODUCTION 

There has been little research of t he effects of her­

bicid es upon the fresh-water inverteb r ate f au na, Herbicides 

enter the aquatic environment by run- off , aer i a l spraying, 

or direct application, Toxic materi a ls attack any trophic 

level within the ecosystem, If a herbicide has reduced a 

population of zooplankton, other members higher on the food 

chain may starve even though they were tolerant of the herbi­

cide, Direct kills of fish are usually noticed, but there 

are same alterations to the environment that remain unknown, 

Pressures are exerted on populations directly or indirectly 

that would not have taken place otherwise, 

Biaassay Animal 

The bioassay animal used in these s tudies was Daphnia 

magna Straus, Th ese arthropods belong to the Class Crustacea, 

the Ord e r Cladocera, and the Family Daphn!da e (Pennak 1953). 

Cl ad oce r ans, c om monly known as water f l eas , a re an impo r tant 

part of the food chain, They filter feed mainly on algae, 

bacte r i a, and organic debri s (Pennak 1953), and they in turn 

are eaten by secondary consumers such as fish. 

1 d live in fresh water, The great majority of ca ocerans 
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They are widespread and live i n rivers, ponds , and l akes . 

Som 8 spe ci es are littoral while othe s l i ve in the limn et ic 

zone or in the be nthic zone, 

Daph nia magna reaches a maximum len gth of five milli­

me t ers a nd has a single carapace that has a bivalve appear­

anc e but i s actually folded over th e dorsa l surface. A 

s i ng l e large compound eye and a singl e ocellus are present. 

All members of the Daphnidae have five pa irs of lobed, 

le Bf-like thoracic l egs bearing numerous hairs and setae, 

The le gs a r e enclosed by the carap ac e and the setae are 

used to filter food out of the water. Th ere are two pair 

of a ntennae ; the first pair are small and sometimes chemo­

r ecep tiv e , Th ese biramous antennae are large and muscular 

a nd pull the daphnid t hrough the water in a jerky manner, 

Th e r e are four st ages in t he developmen t of a daphnids 

egg , ju ve nile, adolescent, and adult, Th e eggs are released 

f r om t he ovary into the brood ch ambe r. The y de velop and the 

youn g a r e r e l eased to th e outside in the firs t juvenil e in­

s tar. The adolescen t period is the single instar when the 

a nim a l i s de ve lopin g eggs in the ovary. Afte r th e next molt, 

the cladoc e r a n i~ a n adult (Penna k 1953). 

~epr oducti on is parthenoqenetic dur ing the ma jority 

of t he year , The parthe no gene tic development is from diploid 

eggs . Under the proper conditions a compl ete ly female popu-

lation c an be maintained ind efinitely. Ba nta raise d several 

s of su ccess ive parthe­
common c ladocera fo r twenty-seven year 

( Pennak 19 53). Ma le produc tion occurs 
~o~en~t ic ge ne rations 
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v,hrln thc r P. i s ovr:ircro t1Jdin1J and subsAqu 8 nt accumulation nf 

~xc r ~to ry pr oducts ~nd a decrease in foorl, A dP.cro asn i n 

t empe r a tur e may a l so be a factor in the development of th e 

partheno genetic males. The chang es in the dap hnids' environ­

ment that produce the male eggs also influence some of the 

fema l es s o tha t they produce one or several sexual "resting" 

eg gs , These females a r e also capable of copula tion with 

males , Th e walls of the fertilized egg be come thicker and 

da r ke r to form an ephippium, The ephippium is able to 

withs t a nd fre ezing and drying and is able to survive ov e r 

t h0. win t e r a nd start a pa rth e nog enetically reproducing 

popu l a tion in the sprin g , 

Ad vantages and Disadvantages of Daphnia magna 

Daphnia rnagna is an important fresh-water inverte­

brate; therefore, there is much published information avail­

a bl e on culturing, Daphnia rnagna have a short life span of 

four to six weeks ( MacArthur and Baillie 1929) and are large 

e nou1 h to bee n seen without a microsco pe but small enough to 

raise in large numbers in a limited spac e , Under favorable 

environmen tal conditions, their reproduction is partheno-

that a C lone can be develo ped s uch as And e rson genet ic so 

( 1932) did for his studie s • 

t s to using D, ma gna as a bio-The r e a r e disadvan age 

Ande rson and Jenkins (1942) poi nted to the ::'. s say ani ma l, 

Con t r olla bl e culture medium that could be ne ed fo r a more 

Free ma n (1953) had deve lo ped a Standa rd 
easily reproduced , 
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Re f erence Wa t er . This medi um was simplif i ed by Frea r and 

Boyd ( 196 7 ) . Howe ver , t here are s t ill many r esearchers that 

us e dif fe r ent medi a. Thu s , t here are obvious problems in 

comp a ring data that was acquired from an imals r a i se d in 

water of diff e re nt pH an d dis so lved com pounds an d mine ral s . 

Her bic ide Be ing Investigated 

The herbicide investigated was the di methylamine salt 

of 2,4-dichlorophenoxyacetlc acid. The trade name i s Weedar 

64 a nd i s produced by Amchem Pr oducts, t nc. Common names 

a re 2,4-D or 2,4-D amine salt. According t o t he Herbicide 

Handbook of the Weed Society of America (1970), it is widely 

used for control of broadleaf weeds in cereal crops, turf, 

pastures, and non-crop lands. Its application is usually 

postemergence with rates that vary from one quarter pound to 

four pounds per acre. The structural formula is shown below, 

C10
H13c12 No3 with a mole cu la r weight 

Th e molecu l ar f ormula i s 

of 266 .1 . 
odorle ss sal t with a It i s a whi t e c r ys ta l l ine, 

Of 85 to 87°C. me l tin g point 
It als o decomposes at th i s 

poi nt. a t 2o □ c is 300 g of 2,4-D t o 100 g 
The solubility 

of dist il l ed wa ter. 
Or al ICso of dif f erent for­Th e acute 



mul a tions are from 300 to 1000 / 
mg kg for rats, guinea pigs, 

and r abbits. Sande rs (1970) f 
ound the forty-eight hour 

TL5 0 val ue of 4 mg/liter at 210c fo r Daphnia magn■ with 

2 ,4-dimethylamine salt (techni 1 d) . ca gra e suppli ed by Am-
chem Products Inc. 

Ob jective s Q.f. .tfil Investigation 

The total production of herbicides in the United 

States declined between 1968 and 1969. The total amount 

of herbicides produced in the United States in 1968 was 

402,1 99,000 pounds, and in 1969 was 371 ,230,000 pounds. 

The decline was in the production of 2,4-D and 2,4-5-T 
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that were used as defoliants in Vietnam (Frear 1972). The 

total amount of 2,4-D acid esters and salts produced in 1968 

was 94,116,000 pounds and 46,998,000 pounds in 1969. Thus 

in 1969 2,4-D was roughly twelve per cent of the· total 

United States production. It seems likely that the produc­

tion of herbicides for domestic use will increase because 

of the demand for increased yields. 

Sa lts of 2,4-D are readily leache d in sandy soils 

and undergo a low rate of bacterial breakdown in warm, moist 

so i ls and minor l oss f rom photodecompos ition (Herbicide Hand­

book , 1g? o) . Besides run-o ff , there is also direct appli-

the aq uati c environment t o remove nui­
cat ion of 2,4-D to 

s ance macrophyte s. 
170,000 gallons of 2,4-D, There were 

to two TVA reservoirs 
at four oounds per gallon, added to 

f . f . rpose ( W □ J·tal ik et al, 1971). 
or this s pecl 1c pu 



Accord ing to Br ook s ( 1957) Q. magna range over a 

la r ge a rea of northern and western North America . This 

6 

ra nge does co incide with application, so there are ma ny 

ooss i bilit i es of expo s ur e . Si nce dif fer ent studi es of th e 

sto mach contents of young fi s h show con cent r a t i ons from one 

to ninet y- f iv e pe r cent cladocerans by vo l um e ( Pennak, 1953 ), 

any tox i n that affects Q. magna could dra s ti cally affect 

all higher trophic levels in certain aquatic ecosystems. 

There fo r e , t he purpose of this study was to determine if 

s ublethal concentrations would affect growt h , reproduction, 

and ecdys i s of Q. magna. Also it was to dete r mine the IC 50 

values (those values at which fifty per c ent of the popula­

tion were immobilized) on young at 24, 48 , 72, and 96 hour 

tim e periods and also to determine if the r e was a difference 

in rc
50 

values between fed and unfed animals. 



CHA PTER II 

METHODS ANO mATERIALS 

Re producing Population 

The bioassay animal was Daphnia magna Straus. A cul­

ture was obtained from Ward's Natural Science Establishment. 

The reproducing population was maintained in one gallon wide­

mouth jars. Fifty to seventy-five female Q. magna were in 

ea ch one gallon jar with a total of about eight jars. The 

youn g wer e filtered off to be used as experimental animals and 

for restocking the cultures. For restock ing these young were 

kept in separate jars until they became primiparous. Then 

they were returned to the reproducing population. Every sev­

en days the adults were filtered out of their jars and fresh 

me diu m was added. Debris was removed then the adults were 

r e turned and fed. The jars were maintained in Percival Incu­

bators at 21°c ± 1 □• The light cycle was from 0800 to 2300 

ho urs. One twenty-watt white fluores cent light per shelf was 

through the bottom of the containers to a ttract reflected up 

the daph nids to reduce the number of floaters. 

Cul tur e and ~ ~1 ed ium 

( 19 67 ) . 

used was develop ed by Frea r and Boyd 
The test medium 

. . f . d r 8 i O n O f F re em an and F o L'J 1 er' s 
This wa s a simpll 1 8 ve 
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( 1gs 3 ) St a ndard Refere nce Wat e r . 
The composition of t he me-

di um is f ound in Tabl e I . The chemical s we r e added f rom s t ock 

sol utions to de io nized glass - dis t il le d water . Compresse d air 

was bub bled throu gh the me dium for twenty-fo ur hours. A 

twe nty - four hou r period was a l l owed for equilibri um, and the 

oH was adj usted to 7.5 with hydrochlor ic acid or sodium 

hydroxide . Frear's medium wa s made and stor ed i n a 75-liter 

oolye t hyle ne container. 

Th e glassware for cultures was cleaned with a cleanser 

th en so a ke d i n fifteen to twen ty per cent hydrochloric acid. 

None o f the test vials were scrubbed with the cleanser. In­

s te ad , t hey were scrubbed with a brush a nd soaked in fifteen 

to t we nty per cent hydrochloric acid and rinsed in tap water. 

Fe eding 

Each one gallon jar of the reproducing population of 

da phnids was fed daily between the hours of 0700 ta 2100 

hours. Dew ey and Parker (1964) foun d a com bi nation of 

fres h yeast suspension to be an ex­Scenedesm us obliguus and 

cellent food for maintaining population growth. A fresh sus-

pensio n of Fleischmann's dry yeast was made daily at the 

t t 50 ml of dist i lled water. One r a t i o o f 50 mg of yeas 0 

mi lli l ite r of yeast sus pensi on and 2 

l ig uus were ad ded dai l y t o each jar. 

ml of Scen edesmus ob-

t aine d 

gae at 

cultu re was orig i nally ob-
The Sc e ned esm us obliquus 

f ro m the Indiana Uni ve r s it y 

( 196 4 ) . 3 loom i ng ton Starr , 

Culture Co l l ect i on of Al­

It was cult ur ed on s l ant s of 



TA BLE I 

CO MPOSITI ON AND CO NCE NTRATIO N OF STANDARD TEST MEDIU M 

Sa lt Concentration 
in Stock Solution 

(mg/ml) 

100 

112 

13 

Final Concentration 
in Medi um 
(mg/ml) 

200 

224 

26 
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Be i jerinck ' s medium (contents listed in Tab le II). The 

Scenedesm us was again transferred to a do ze n or more agar 

sl ant s , The s e were maintained at room temperature at approx­

imately 22-25°C in continuous fluorescent lighting of cool 

white fluorescent lights until there were thick, dark green 

growths of algae, From these agar slants, the algae were 

suspended and transferred to sterile Beijerinck's medium in 

250 and 300 ml Pyrex Erlenmeyer flasks that were aerated with 

compressed air and maintained under the same conditions as 

the agar slants, Scenedesmus obliguus was grown until there 

was a thick layer on the bottom of the flasks, 

In the growth and reproduction tests the animals were 

fed a standardized suspension of algae, A suspension of 

Scenedesmus obliguus that gave a Spectronic 20 reading between 

,60 to ,70 absorbance at 680 mu was used, If culture dilution 

was necessary, Beijerinck's medium was used, 

Separation of Young 

f Young dap hnids was obtained by pouring Isolation o 

1 ti j ar through two Dacron the contents of each gallon popu 8 on 

The first net, made out of nets in a polyethylene funnel, 

1 with 672 squares per square inch, white Dacron curtain materia 

filtered out the adults. 

out t he smallest young, 

The second net, which would filter 

Of Dacron fabric with was made out 

Square inch, 92 16 squares per 
Af ter the contents of the 

through the nets, the nets were 
popu lati on j ars we re poured 

off with Frear and Boyd's 
t urne d ups i de down and rinsed 
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TA BLE II 

BEIJER I NCK ' S ALGAE MEDIUM 

Ch emical Cone. of Vol of Stock/ 
Stock Sol. Liter of D-H2 □ 

I • " ~ , 'O :·. , 4 1 '• 3 14 g/liter 10ml 
I I. f•' gS04 20 g/1 it er 1ml 

III. CaC l 2 2 H 2 □ 10 g/liter 1ml 

I \J • KH 2P04 40,28 g/liter 10ml 

v. K2HP04 69,66 g/liter 10ml 

VI. Trace Elements 1ml 

Comp os i t ion of 100ml Trace El ement Stoc k ( Hutn e r 19 50) 

EDTA 5,00 g 

Zn S04 ?H2 □ 2.20 g 

:-! 3 8 □ 3 1. 00 g 

CaCl2 □ .50 g 

r(,nCl2 4 H 2 □ 0,50 g 

FeSC 4 ? H 2 □ □ . 50 g 

C0Cl 2 6H 2 □ 0.1 5 g 

CuS04 5H 2 □ 0 ,1 5 g 

( : .. ' H 4 ) 6 frl o 7 0 2 4 4H2 □ 0. 10 g 
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med ium • Ag it a tion and s hort periods 
of tim e on the wet net s 

1id not appea r to af f ec t th e daphnids. 
Th e max imum time tha t 

l P. ft on the net s was approximately sixty 
1 P. c onds . 

~e for e a test t 
was o be started, the young were fil-

t e r ed off a nd th e adults were returned to their jars. Twenty­

four hour s l a ter the stock population was filtered again. 

Th e young wou l d then range from zero to twenty- four ho urs old. 

The test an i ma ls were then placed in a randomizing beaker 

~it hout food for one hour. The young, now one to twenty-five 

ho urs old, were ready for testing. They we r e quickly fil­

t er ed through a small net made of Dacron wit h 9216 squares 

oP. r sq uar e inch. The net was dipped in a beaker containinq 

the lo west conc entration of herbicide to be used. The young 

we r e r el eased directly into the solution. The control groups 

~ere filtered through a net used to transfer them to the con­

trol me dium. Using this method, all the test animals could 

Proper t est solution in a matter of minutes. be in the Then 

the youn g VJe re individually transferred to the test vials. 

by 95 mm, ei ght dram, flat bottom, hold­The vi a ls VJere 25 mm 

2 5 ml to 30 ml of mediu m. Paste ur pipettes ing ap proximately 

wer e use d for transferring . Th tl'ps were broken off to 8 

1 taken out of the vials. ac co mmoda t e t he larger mo ts 

He r bicide 
was dimethylamine sal t of 2,4-

The herbicide te st ed 

ac id (2,4-D). di c hlo ~oohe noxyacetic 

obtain ed f rom Am c hem Products, Inc. 

A stoc k sol ution was 

It cons i sted of one 
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quart of .78 gr ams/ml of 2.4-dichlorophenoxyacetic acid mix ed 

in distilled wate r. Three and one-half 'llili ml ters of this 
stock were added to 3 . 5 liters of Frear and Boyd ' s medium 
for a 111000 dilution. Th ' ls was a more workable stock of 
480 mg/liter. Fro thi m s stock the other dilutions were made. 

All th e di l utions were with Frear and Boyd's medium so that 

the only difference between the control medium and the test 

medium was th e herbicide. 

Immobilization Tests 

Two types of tests were run. On e was the Ic 50 test 

which was to determine the dose of a toxin at a given time 

that would immobilize fifty per cent of the individuals test­

ed . Immobilization rather than death was used as an index 

because the actual time of death in daphnids was difficult 

t o determine. If an individual daphnid was lying at the bot­

tom of the jar and could stroke her antenna a few times, she 

was considered alive. The concentrations of 2.4-D used were 

20 , 30, 40, 50, 75, 100, 150, 200, 250, and 300 milligrams 

per liter. The tests were started when the young were one 

ta twenty-five hours old. They were rec heck ed at 24, 48, 72, 

and 96 hour exposures. The r c 50 test anima l s were not fed. 

Gr otvth and Re production Tests 

and rep roduction tes ts were followed 
The growth 

through the entire 
· d' 'duals Reprodu ction, 

ll'fe of the 1n 1v1 • 

1 ecdysis, and immobili zations we re 
number of young, surviva , 

re corded dail y. 
. used were 1, 2, 4, 5, 10, The concentrations 
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70 , ) 0 , ~n, sn, ? S , 100 , 150 , 200 , 250 , and 300 milligrams 

nnr litnr . The qrowth and reproduction tost anima l s were 

fn rl nnn rlrop nf YP.~~t s uspe ns i on and t wo drops of 

~c 8 nedesm us ob l i guus s us pens i on from Pasteur pipettes , Th e 

t es t animals we re f ed after they were t ra ns ferred to their 

vials and aft er their progress was recorded every twenty­

fo ur ho urs until all the animals were immobilized, 



CHAPTER III 

RESULTS 

.ll,5 0 Tests Using Unfed Animals 

All tests were maintained at 21°c ~ 10. Daphnids 

were one to twenty-five hours old at the beginning of the 

tests. A total of 1233 unfed animals were tested to deter­

mine the IC50 values. There were 197 controls and 1036 test 

animals. The results of the mortality rates of the unfed 

daphnids are recorded in Figure I. The data are adjusted 

with the controls, so the natural mortality is considered 

in the rc 50 values. The tests were replicated three times. 

The data were plotted on semi-logarithmic paper. The dosages 

were plotted on the logarithmic scale and the survival per­

centages on the arithmatic scale • . This method is known as 

straight-line graphical interpolation (Doudoroff 1951). The 

rc
50 

values were determined from the intersection of the per 

cent immobilization line with the time line by interpolating 

to the concentration axis. 
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ThA I CSO values found b , 
y interpolation for the var i ous time 

pe ri ods ar e the followi ng, 

24 hours 

48 hours 

7 2 hours 

96 hours 

over 300 mg/liter 

192 mg/liter 

156 mg/liter 

144 mg/liter 

The 48 and 72-hour lines are not plotted in the lower 

concentrations because the 1 va ues are negative. After the 

per cent immobilizations of the controls were subtracted 

from test immobilization values, some values were found to 

be negative. The significance of these negative and posi­

tive immobilization values is found in Table III. This 

table presents the chi-square values for Figure 1. The 

values are used for determining the significance of the 

immobilization of Q. magna in different concentrations of 

2,4-D. Chi-square values were obtained for each concentra­

tion by combining data of equal concentrations. Typical 

tests had forty animals per concentration. Each concen­

tration was then tested for significance against its cor-

responding combined controls. 

Cro wth and Reproduction Tests 

All tests were maint a ined at 210c: 10, and all 

to tlu ~nty-five hours old at the begi nning 
daphnids were one 0 

of the tests. 
A total of 1380 animals were tested to deter-

. for fed animals, average 
number of instars 

mi ne rc50 values 
d any change in ecdysis and repro­

fo r prim i parous ad ults, an 
. ht control animals an d 1112 

du c tion . Two hund r ed seventy-eig 



TA BLE III 

CHI-SQU ARE VALUES FOR THE IIYIIYIOBILIZATION 

RATES FOUND IN FIGURE 1 

TOTAL 
MG/LI TEF 

NO , OF 

2,4-D 
24 ANIIYIALS 

80 20 .213 

78 30 .659 

RO 40 .010 

79 50 ,008 

119 75 ,606 

12 0 100 o.o 

120 150 ,504 

12 0 20 0 3,268 

120 250 3,232 

i 

12 0 300 14 • 6 32 

* sig nificant at 5% level 

+Significant at 1% leuel 

TIME IN HOURS 

48 72 

.485 .012 

• 548 ,066 

.579 7,080 

• 8,295 3,539 

2,334 1,352 

.. 
5,069 5,069 

• 12.001 42,161 

ii 

77,380 105.217 

-I 

89,617 142.198 

-II 

99,918 1 73,093 

96 

, 021 

4, 490 ... 

• * 16,319 

5,367 

.502 

-I 
3,573 

-I * 40,142 

-I * 65,065 

~ * 27,875 

• * 106.201 

18 
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t n '> t nn i mn l s we r n used i th 
n · is Part of th e st udy. 

dun li c □ ta d ~t eac h 
The t oa t s 

concentra tion. 
immob ilization r ~tos o f 

ri qu r 8s 2 a nd 3 and the 

Tho r es ult s of the 
the unfed d h . ap n1ds a re recorded in 

data are plott ed on a semi-logarithmic 
s ca l e . I C50 values wer d t 

e e ermined in the same manner as for 
ri gur e 1 . The only rc 50 im b"l• 

mo l ization concentration deter-
mined for Figure 2 i 138 / s mg liter for 144 hours. For 

Figu r e 3 no IC50 value could be determined because immobi­

lizati on did not exceed fifty per cent natural mortality. 

Th e data are adjusted with the control so that the natural 

mo rtality is considered in the rc
50 

values. 

Concentrations of 50 to 300 mg/liter of 2,4-D are 

plotted on Figure 2, and concentrations of one to fifty 

mo/liter on Figure 3. On Figures 2 and 3 some values are 

not plotted because the values are negative after the per 

cent immobilization of the controls were subtracted from test 

immobili zation values to determine natural mortality. 

Table IV presents the chi-square values for deter­

mining the significance of the immobilization of Q. magna 

in test concentrations of 2,4-D. Table IV presents the 

values from 1 to 300 mg/liter. 
instar and standard de­Figure 4 presents the m8an 

f th controls and each 
viations for primi parous Q. magna or e 

test concentration. 
The mean instar was determined by re-

eac h individual until each daphnid 
carding each molt of 

The 
instar of each primiparous adult 

reache d adulthood . 

was listed according to concentration. 
The mean and standard 
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TA BLE I V 

CH I-SQU,~RE VAL UES FOR r m m □ B ILI Z ATI O N OF FED D. MAGNA H.: IC 50 TE STS (FI GURES 2 A1 D 3 ) 

hrs. 2 4 48 72 96 1 20 144 1 68 1 9 2 2 1 6 2 40 2 6 4 2 88 312 33 6 360 • 

1 . 28 • 1 5 o. o o.o 0,0 .01 o. o . 02 . 08 . 0 1 o. o o. o o. o . 48 . 48 

2 o. o 1. 38 1 • 59 .49 6,67 2.3 9 7.2 9 o. o 1 • 49 2.4 9 4.4 9 4 . 1 7 . 0 4 . 16 . 49 

3 o. o o. o 0 . 8 3.82 12.56 15 .63 24.72 9.7 6 1.3 5 1. 3 5 . so 

0 5 . so .17 o.o .33 10.59 15.63 18.25 5.35 .25 .so o.o 
I 

'<j" 

CS: 1 0 .49 1.44 .1 6 o.o .36 .1 a .os o.o a.01 1.33 .49 

62 0 .49 o. o o.o □ .Cl 1.22 .02 .10 o.o o.o 1.3S .so 
H 
ru 30 o.o • 1 3 .1 0 2.36 
4J 

6.86 8.13 3. 51 1.73 o.o 1.35 .so 
•r-1 

..-140 
........... .so .2 5 • 1 0 • □ 4 .02 .02 •□ 3 .os .17 o.o 

Q ) 

E 50 . 51 • 51 .2 6 o.o o.o 3.02 .34 1.74 o.o o.o 

7 5 .51 . 2 6 o.o .oe 1.99 o.o .02 o. o o.o o. o 
100 o.o . so 2.39 3.25 4.47 1.62 6.45 3.28 .1 7 o.o 
1 50 1. 33 . BO o.o 4.92 10.75 23.45 12.58 1.38 o.o o.o 
200 25.1 3 32 • 41 28 .9 3 43.44 44.48 14.89 12.90 1.30 o.o o.o 
250 o.o 17 . 2 1 57.71 *All values after 360 hrs. are o.o 
30 0 14.24 71. 24 N 

N 
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TABLE V 

DATA ON PRIMIPAROUS ~ ~ SUBJECTED TO 2 , 4-D 

MG / LITE R n :x SD T- t es t 
0 132 5.52 . 7255 
1 39 5.49 .6013 • 260 
2 44 5.39 , 7537 1.000 
3 2 5.00 0. 00 00 8.234 
5 14 5.50 . 75 95 • 090 

1 0 13 5.69 .6304 .914 

20 26 5,46 .5817 .460 

30 19 5.68 . 7492 ,873 

40 14 5.71 . 6112 1.084 

50 34 5.65 .5970 1. 080 

75 31 5.74 .5143 1.966 

100 28 5.75 .4409 2.199 

150 4 4.75 . 4082 3, 605 

200 6 5,50 .7071 •□6 7 

250 0 

300 0 
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•ation were determ ined , 
deVl 

25 

The molts of each animal in the growth and rep ro duc-

. n tests were recorded e very twe nty- four hours . Re corded 
t10 

in Tabl e VI are the chi-square values to de termine if there 

a s ignificant d i f ferenc e i n the rat e of ecdysis, The 
was 

r iso n wa s for a five day period, Each concentration 
campa 

C
ompared aga inst its control, 

was 
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TA BLE VI 

CH I - SQU ARE VALUES 
I N THE FIRST ~~VRE NOUAMBER OF MOLTS 

Y PERIOD 

I.a...tl K 
mg/lit er -chi 2 Ull. M 

mg/1! ter -chi 2 
40 .953 40 11.465 
:rn .926 30 7.558 
20 .o 20 10.010 
10 . 3 59 10 11 • 041 

5 . 6 54 5 10.710 

3 .245 3 6.959 

2 6.081 

1 7.855 

Test N Test H 
mg/l i t~ -chi 2 mg/lit~ -chi 2 

2 0 Cl 4.146 150 ,343 

100 .112 75 .369 

7 5 9 . 0 72 50 .403 

50 1 ,292 

* f igu red o n t hree days 

.will f 
mg/1! ter -chi 2 

1 34.669 

2 .69 8 

150 

100 

Test J * 

.901 

.29 5 

mg/lit~ -chi 2 

300 A?.613 

250 22.94 5 

200 49.690 



CHA PTER IV 

DI SCU SSIO N 

Toxicit y tests with cladocera ns typically have been 

us ed to 

cent of 

dete r mine concentrations th t . . . a 1mmob1l1ze fifty per 

t he po pulation within twenty-four hours or intervals 

of twe nt y- f our hours. The test animals were unfed. In Figure 

1 t he da t a were derived by this method. The Ic
50 

value for 

24 ho urs is in excess of 300 mg/liter. The Ic
50 

value for 

48 hours is 19 2 mg/liter. Sanders (1966) using Daphnia 

m~gna a t 21°C, in untreated well water, determined a 48-hour 

TL 50 ( medium tolerance limit) value of 4 mg/liter for 2,4-D 

(te chn ical grade dimethylamine salt). This is a tre mendous 

conflict in t he amount of toxin needed to imm obilize D. magna, 

3anders a l so reports the 48-hour TL 50 of seed shrimp to be 

e i gh t mg / l iter for 2,4-0 and for all other animals he test-

ed (scud, sowbug , glass shrimp, crayfish, and bluegill). 

He TL 1 s would be greater than 100 r eporte d that the 50 va ue 

mg/ l i ter . He reported usin g ten early instar ani ma ls a t 

•th appropri a t e controls. 
fo ur to f ive concentrations Wl 

Ther e wa s no me nt ion of duplicate runs. 
The ma in differ enc es 

b t test and Sanders' wo r k a re th e test 
e wee n the a uthor's 

This aut hor beli eve s 
me diu m an d the number of test subjects. 
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tha t wi t h 12 33 te st subjects and 197 control s and ten con­
c8n tr ~tio ns , the results are 

va li d for this si tu ation. 
Fr om Fi qur e 1 two other IC 

50 values we r e derived. 
ThR 72- ho ur IC 50 was 156 mg/lit th 

er, e 96-hour IC 144 
50 ' 

m1/1i te r. The use of unfed animals for 
testing is supposed 

to e liminate one of the ma ny variables. 
Investigators using 

cla doce rans have used a wide choice of media because there 

is li tt l e kno wn about the nutritional requirements of Q. 

mag na . Media have contained everything from egg yolk to 

he r rin g meal. It is obvious that lake, river, or any natu­

r a l wa ters are going to present many variables with which to 

conten d . One solution is a synthetic medium made from dis­

ti ll ed water and inorganic salts. Freeman (1953) developed 

:::i " Stan dard Re ference Water." Frear and Boyd (1967) refined 

and s implified this medium and called it "Standard Test 

rr. edium." It would be ideal if this medium, or another medium 

we re used by all investigators performing cladoceran bio-

assays . 

In Fi g ure 2 the 1c
50 

value for fed animals at 144 

/ Any Shorter time period was greater hour s was 138 mg liter. 
. th f"fty per cent than 300 mg/liter or indeterminable at e 1 

There were not any IC50 values that 
i mm obilization level. 

Per Ce nt level at the 168-hour, 192 -hour, 
reached th e fift y 

The closest IC50 value for the 
and 21 6-hour time periods. 

un f ed a ni mals in Fi g ure 1 was 
144 mg/liter a t 96 hours. It 

the testing period re­
ap pea r s t ha t feedi ng dap hnids du rin g 

be due to the uptake 
This may 

cuc ed the immobilization rate. 
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of 7 , 4- ~ by t he a lqa a nd ye ast; but if this were t 
l d t th rue, one 

wn u . Ax pe c e daphnids to still 
be exposed to the toxin 

a t nve n q r eate r concentrati . ans since th e daphni ds fil ter f ee d 
co nt inuo usly. Feeding th e animals added a new variable to 
rc50 testing , but a variable that 

con be standardized and 
one tha t i s necessary for 1 th eng Y testing. A standardized 
a lg a s uspens ion and a yeast suspension were used. An equal 
proportio n of these suspensions was used to minimize dif-

ferences in each vial. 

Table III presents the chi-square values for the 

unfed IC50 tests shown in Figure 1. The only point on the 

24-hour line that is significant is at the one per cent 

level for 300 mg/liter. For the 48-hour line two values 

are neg ative. For 50 mg/liter the chi-square value is neg­

at i ve and significant at the one per cent level. At 100 

mg/liter it is a negative value significant at the five per 

cent l e vel. The other values on the 48-hour line from 150 

to 300 mg/liter are significant at the one per cent level. 

On t he 96-hour line the value for the 50 mg/liter concentra-

tion was significant at the five per cent level. Five and 

1 / 
.. ,ere not significant and 150 DO mg l it er co ncen trations w 

thr ou g h 300 mg/liter concentrations were significant a t 
th

e 

A Possl.ble explanation for the non­
on e per cent le vel. 

. b1' olog1·cal variability in the test 
s ignif i c a nt levels was 

1 in the 24-hour period 
Po Gu lati on . Th e onl y significant va ue 

through the range of 20 to 
was at 300 mg/liter. The va l ues 

2~J mg / li ter were not si gn ificant. 
Since molting occurred 
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a t 3g . 5 tn 46 . ~ hour s at 20oC (Findley 19 69 ) 
• , it appears 

that young dap hnids were more 
susceptable at molting rather 

than i n t he first instar . 

The I C50 tests with f d un e animals with 2 4 o , - con-
ce nt r at ions of 20, 30, and 40 mg/liter were not plotted on 

ri gur e 1. Of the twelve values, six were negative and 

t hr ee of these were significant. Th ese twelve values, if 

plo tt ed, would not contribute to the main time line from 

~hich the IC 50 values were interpolated. The reason for 

the ne gative values is that the death rate of the controls 

exc eede d that of the test subjects. The exact cause of 

the si gn ificant difference in the negative numbers is un­

kn own, but a possible explanation is that 2,4-D may have 

enhanced the environment of the vial at low concentrations. 

The reduction of the surface tension appears to be a possi­

~i lit y . There was one test that was not included in any 

of the previous results and calculations because it had 

one anima l per vial whereas the remainder of the unfed ex-

1 · 1 Except for this factor, perirnents had two anima s per via• 

th is test wa s identical to the other IC 50 teS t s wi th unfed 

animals. th Per Cent of animals floating at 24 
Below are e 

hours in this previously unreported teS t • 

rn g/li ter 

0 
20 
30 
40 
50 

per cent 

67 

Th floatl· ng animals led to . e 

24 
a. □ 3 
o. □ 3 

17 

a higher mortality rate 



be caus e dap hnids a ctua l ly ha ve a 

water-repe lling 
carapace, how8 ve r , onc e caug ht in th 
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e surfa ce t ens i on 
th ey are doom ed. The □ er cen t of a nima ls 

floatin g in the 
r ep o r ted t es ts of unfe d ani mals at 

mg/liter 

0 
20 
30 
40 
50 
75 

100 
150 
200 
250 
300 

Previously 
24 hours a~e a f 11 

,. S O Ou.,5 I 

Per cent 

49 
26 
11 
21 

7 
4 
5 
2 
1 
3 
3 

It is obvious that as the concentration increased, daphnids 

we re cau ght l ess often in the surface tension. This factor 

a lon e coul d have increased control deaths so that negative 

val ues were obtained in many cases. 

Frear and Boyd (1967) reported the per cent mar-

t ality of daphnids in their medium. The tests were run with 

unfe d animals. These values are recorded below. Frear and 

Boyd did not report the number of test subjects. Also re­

corde d belo w are the author's per cent of immobilization of 

s i x control tests (rc
50 

tests of unfed animals) with a total 

of 19 7 a ni mals. 

Ti me n 24 48 72 96 _ 

Fre a r & ? 0 14* 2B 
3 □ y d 

! 51 6 16 19 18 27192 Author 19 7 
*2e corde d at 58 hours 
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From the chart one can see 
that in all cases, except 

a t 24 hours , the author 's controls 
survived better than 

those nf Frear and Boyd . Th f 
ere ore, an unduly large number 

of dea ths could not be contributed di · 
rectly to the medium. 

Tab le IV presents the chi-square 
values for Figure 2. 

ilone of the negative values is signifi t can • The first 

value is 100 mg/liter at 168 hours and· ls significant at the 

fl·ve per cent level. For 150 /lit th mg er ere are values 

significant at the one per cent level at 120 to 168 hours. 

At 200 mg/liter, twenty-four through 168 hour values are 

si gnificant at the one per cent level. For 250 mg/liter 

there is a one per cent significant value at 72 hours and 

for 300 mg/liter values for 24 and 48 hours are significant 

at the one per cent level. 

Table IV presents the chi-square values for figure 3. 

All the va lues from 120 to 360 hours are negative but are 

not significant. All the values for 2 mg/liter are negative 

wi t h the exception of the 120-hour which is significant at 

the one per cent level. Four other values from 265 to 336 

hours are significant but as negative values. These are 

f one to 300 the only significant values in the range rom 

/ t the one per cent level, i.e. at 
mg liter. Only one is a 

312 hours . 
. t values are found at 

At 3 mg/liter signif1can 

12 0 to 192 hours. 
.f. nt negative values 

There are non-signl ica 

Also in 5 mg/liter there 
in 5 mg/ liter a t 24 and 72 hours, 

for 10 mg/ 120 to 192 hours. 
are si gnificant values from 

at 24 and 72 hours, 
1 . non-s1·gnifica_nt values 1ter there are 
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~nrl si~ nifica nt values a t 216 hours , 

no n~ 

a re neg~ tive values at 24 7 
' 2 , 96 , and 120 hours of which 

For 30 mg/liter 
there are signifi-

At 20 mg/liter thAre 

a r e s i gnifican t , 

cant val ues at 96 to 144 hours, 
No val ues ar e significant 

or negati ve at 40 mg/li ter, I F 
n igures 2 and 3 none of the 

negativ e values were significant, Even though there was a 

large numbe r of test animals, this b 
num er is low in compari-

so n to a natural population which occurs in 1 arge numbers, 

Per hap s the test population should be of an infinitely 

larger number of animals to rule out the possibility of 

biolo gical va riability affecting the results, 

Table V presents the chi-square values for the rate 

of ecdysis in a five-day period, There are complete tests 

such at Test rn in which all values from one to forty mg/liter 

are significant, and Test Kat three to forty mg/liter with 

none of the values significant. After looking at the remain­

der of the data, it seems that no significant conclusions 

could be made , 

Fig ure 4 presents the average instar and standard 

D The mean instar at 3, de viation of primiparous _. magna, 

100 , and 1 50 mg/liter were significantly different than 

t · iparous adults at the controls, There were only wo prim 

3 mg /liter, and for 15 0 mg/liter there were only four • 

. bl to work wi th because they 
3uc h lo w numbers are not desira 8 

1 tion's true response, 
da not reoresent the actual popu a 

. ht primiparous adults 
1 □ 0 mg / liter the re were twenty-eig . 

At 75 mg/liter with thirty­
Wit h 3 mea n of 5 ,7 5 instars, 

For 
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one a ni rnA ls the mean instar was 5 0 74
0 The 5.75 instar mean 

LuA S si nni fic a nt . It wo ul d b e difficult to sa y that 2,4-D 
hAd a ny effe ct on e cdysis i 

s nee there s e em s to be 
no definite 

oatte rn in Fi ~ure 4 0 

~e produc tion rates are as 1 mportant as immobilization 

r a tes . Th i s investigation failed to produce the data 

needed to gi ve adequate analysis of 2,4-D on 
reproduction. 

Find l ey (1969) , working with amino triazole, showed that 

th e t we nty-six hour Ic 50 value was 26.75 mg/liter for Q. 

mao na, but at 3 .5 mg/liter, one hundred per cent of the 

animals lost their eggs. It is obvious that there is a need 

for further research of the reproduction of fish-food organisms 

s uc h as Q. magna. Researchers should also review the estab-

lished I c 50 values which have been determined for pesticides 

and i nvesti qate the effects of these pesticides on reproduc­

tion. It is possible that Frear and Boyd's medium is not 

the proper medium for long range testing. Even with the 

nutr i ents contained in the alga, the combination or the pro­

portions may have been lacking in some ar ea that led to 

sho rt er lives and to varied rates of reproduction. 

· 1 d a study of the The ori g inal problem was to inc u e 

number of young produced. In this research that number was 

t hat no valid conclusions 
so va r ied that the author believes 

cou l d be made without further testing, 
A look at the D value 

. 1 .t of primiparous 
on Ta bl e V will dem onstrate tha t variabl 1 Y 

1·ng when one 
adul ts . The lo w rate of production is puzz 

1 

gallon jars flour­
can s i ders th at the populations in th e one 
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i shP.d • From the time the cult 
- u re a rri ved and thro ug hout 

nll t hn, r es earch , the popula tion 
reproduc ed continuous ly. 

During the investi ga tion a s mall b 
num er of subcultures was 

s t a rt ed from young dap hnid s not di 
. use n experimentation, 
These we r e suff ici en t to restock the 

reproducing populations. 
These s ubcul t ures were maintained in "d 1 entical situations 

and fed the s ame food, They had little trouble 
reproducing. 

Th e test animals were maintained 1·n the same incuba-

tor as the re producing population but the test d h 'd , ap n1 s were 

in s mal l shell vials whereas the reproducing population was 

ma int a ined in gallon jars. Obviously, the amount of surface 

a r ea be t wee n the vials and jars was different, but Findley 

( 196 9) did not encounter any problem in raising single Q. 

mao na in identical vials. The food and medium came from 

i de ntica l containers, but one possibility is contamination 

of the vials. The vials we re scrubbed then soaked in fifteen 

to t wen ty per cent hydrochloric acid, then rinsed and soaked 

an~ ri nsed a ga in in tap water and allowed to dry. The pos­

sib i lity of 2 ,4-D remaining is small, but it was possible 

that some chlorinated compounds would remain, but not 

ch l orin e gas . To a lleviate this problem, perhaps a dis-

ti l le d wa te r r in se shoul d have been used. 

Summary 
f 2 4 Don D. magna 

An invest i ga tio n of th e effects O 
' - -

. d for unfed D. 
Lt1 as un dertaken . I C va lu es wer e determine -

50 that D. magna are It appears -~a ona a s L'Jell as fed Q. mag na . 



2 ,4-D ui hen they are f 
ed nr at l eas t 

,11 h <"< n t hn y a r c ma int a ined in the presenc e f 
o yea st and Scene -

Ob ll· qu us Th e r e v1as c fl" t· ~ smus · • - on le lnq significance in the 

da t a o f th o r a t e of ecdysis i n a fi ve- da y pe r i od. No 
::i tt emp t UJa S made to dr aw any conclusion in the rats of re-
orod uction , for th8 dat a vJe r e too limit e d. The r e was 

li ttle c h~ nge in the a verage i ns t a r for primipa rou s adult s 

d t h O u -:i h t he r 2 l)J e r e some si gnifica nt v a 1 u es • It app ea red 

t hat 2 , 4- D di d af fe ct t he s urf a c e tens ion and dec rea s ed t he 

3 mount of daphnids en trapped in it. 

To enable inv es ti gat ors t o compa re re sults, t ests 

should conform to a standard . Temperature- ranges, light, 

me di a , 2 ~e ranges , a n d feedin g should be standardized. Tests 

nust be run t o ap proximate conditions foun d in natur e for 

us8ful fi gur es t o be obtain ed . 
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