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1. 0 IN'l'RnDUCT ION 

IocrecJGes tn 
( 1 ) 

toler-,3nce ot' resistance to pesti.cides 

hDve been r>epor•ted tn only a few vertebl'.',,ter,. A DD�:--toleraot 

strain of !':us musculus has been pPoduced by seJ.ec·tio o i.n 

which 1. 7 times mol:'e DDT Vias rec:1.uh•ed to produce an LD50 ( see

appendix I) in the ninth selected generation than in the 

origi'nDl stock (OzbUPl1 and Mol'rison, 1962). �'he foi.J.ure of 

standard dosages of diphacinone and V/Brfarin to control 

Norwegian rats (Rattus �orveAicus) in the fieJ.d led to lab-

oPstory tests, the resuJ.ts of Vlhich indicated apparent 

resistance of the pets to these poisons (B6yle, 1960), 

Further evidence of warfarin resistance in this population 

has been shoVln by Cuthbert (1963). A possible example of 

increased tolerance to DD1' in rwtur.•al populotions of' tbe 

southern cricket frog, Acris Rryllus, end the northern 

cr,,icket fros, A
:. 

g_!'.£J?i't:snr1, hes elso been shown (Boyd et 

Resistrrnce to DDT wes fJ.rst r•eported i.n the 

mosguitofish, Gambusie aff'inis ef'finis (Baird sod Girard) 

by Vinson et el. (1963). 

( 1) The ·terms "res1Gtnnce" 8n0 11 'Goler-snee" huve been at1bitr.1nr:i.J�1 
defined by Boyd and Per-guson ( 196/1) :i.n the f'oJ.lovdng munncr: 
"If 10 times as much lnsecticj_cJe i2 pequire(J to cauDe 

equivolent m0rto1ttief:; in nne of t\'10 por,iu1Dtions, tbnt 
popt�lat"lrin ts termed rcr:;1r;ts.nt; differences leris than 
10-fold nre ter1 rned a tolePEH)Ceo 11 
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have shown populations of mosgui tofish in waters near cotton 

fields with a history of DDT expoBure to be resistant to 

normally lethal doses, The observed resistance is thought 

to be genetically based, resulti□g from the sele6tive action 

of the insecticide, Resistant mosguitofish (F1 generation) 

reared in an insecticide-free environment may have as much as 

300 t_imes the natural' resistance ( ib.id.). '.l'oxicity values

for fish as many as three generations removed from exposure 

to insecticides remain essentially unchanged from those of 

the original selected parental population, 

The adaptive physiological mechanisms that bring 

about resistance in fishes have not b�en identified. Factors 

which may confer resistance include mechanical exclusion of 

the.pesticide at exposed surfaces, detnxicatinn and conversion 

of the toxicant to a less toxic state (normally involving an 

enzyme system), and storage wherein the animal is able to 

taler.ate higher levels in its tissues. DDT resistance in 

mosguitofish is thought to be accomplisl1ed by. detoxicatir.n 

(Ferguson 1965), 

The aim of this study was to compare the suscept­

ibilities to DDT of DDT-exposed and unexposed populati.ons 

of rnosquitofish whi.ch 11ave been intPoduced locally to contr-ol 



mosquitoes, aod to elucidate the factor or factors respons­

ible for any differences whicll might hove occut'Ped. 



2.0 .§�!10.N OP STUDY POPULATinNS 

It was necessary for the populati.ons of mosqui tofish 

chosen for comparison of susceptibilities to have the follow-

ing characteristics •· 

a) gene flow between populations to be zero;

b) the DDT-exposed populati.on to have been

continuously exposed to DD'.1' for a number

of years;

c) the unexposed population not to have had a

history of exposure to DD'r or to related

compounds such as aldrin, dieldrin, or hepta­

chlor, since exposure to one of these insect­

icides mai produce crossresistance to DDT

(Boyd and Ferguson, 196L1);

d) that their habitRts be permanent, not

ephemeral, since ephemet-al wateP bodies in

the Metropolitan area are restocked each

year with mosquitofish from other areas.

The water bodies containing populations most likely 

to meet these criteria were visited. Those examined were 



Camel Paddock (swamp near Perry Lakes) 

Lake Leschenaultia 

Garden Island - stream formed by water-
bot'e overflow 

Lake Coollelal (Wanneroo) 

Drainage channel at north end of Lake Monger 

Ellam St. Victoria Park drainage channel 

Craig St, Victoria Park drainage channel 

Herdsman's Lake 

Per1;y Lakes 

Lake Monger 

Lake ,Toondalup 

Lalce Coogee 

Three unnamed swamps in Speerwood 

only the first six of these habitats contained 

mosquitofish in numbers and densities such that suitable­

sized samples could be taken in a few hours. 

Camel Paddock, al though suitable by otl1er criteria, 

was rejected as it was an ephemeral swamp. Following the 

dry winter of 1970 it had dried up for the first time in 

eight yeat's. 

1 971. 

Ithad therefore been restocked :ln May of 

The mosquitof'ish populations of Lalce Leschenaultia 

and Garden Island appeared to be unexposed to DD'.l'. There 

was no evidence of pesticide having been used on or around 
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the lake; its catchment area was uncultivated land. 

Similarly, there was no evidence of DDT having been used 

near the stream at Garden Island. 

The Lake Coollelal population has been exposed to 

DDT and many other pesticides for at least six years. 

Run-off from market gard.ens drains into the Lake from 

both sides. Interviews with local maPket gardeners 

revealed that the foilowing pesticides have been ol' are 
' 

being �sea each year on vegetable crops grown around the 

Lake : 

Calcine 

Cup rose 

DDD 

DD'l' 

Difolotan 

Dipterex 

Maneb 

Terra Thimet 

Thiodan 

Zineb 

DDT is used in large amounts and at frequent intervals, 

one gardener freely admitted to applying DDT to his cauliflower 

CPops at five times the approved application rate, once a 

fortnight (and also on the night before harvesting). 

According to MP. N. Bilich of the Perth City Council, 

the mosquitofish population of the Lake Monger dPainage 

channel had also been exposed to DD'J.' for a number of yeat's. 

It was not known whether the El lam Street Vic tor ia 

Park population had been exposed, Subsequent analysis of 

mud samples from this locality showed i_ t to be unexposed. 



In summar,y, five populations were found to meet 

the necessary criteria. Of these, three (Lake Leschen­

aultia, Garden Island, and Ellam Street) had not been 

exposed to DD'r, and two (Lake Coollelal and Lake Monger) 

had been exposed. 
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EXFERIPENT I 

INTRODUCTION 

The aim of this experiment was to compare the 

susceptibilities to DDT of fish from two localities -

Lake Coollelal (DDT-exposed population) and Garden Island 

(unexposed population), Percentage mortalities of the 

two populations were ,to be compared at each of four 

differ_ent concentrations of DDT, 

3. 2 MATERIALS and METHODS

.3,21 Test 12§.J:! 

Test fish were collected from Garden Island and La!ce 

Coollelal with a fine-mesh scoop net eind tip1'ied into 11 es!cies 11 

containing habitat water. Scoops were made along the water's 

ed§e, and through shoals of fish in deeper water. Approx-

imately 200 fish were sampled at each locality. They were 

held inHially at the Zoology Department in conditioned water 

(see.appendix II) in concrete tanks, and were fed small 

amounts of ground "sheep nuts" twice a week. 

3, 22 Test Container.§_ 

DD'r is readily absorbed ft'om solution by plastics 

(Burke and Ferguson, 1969). For this reason five battery 

jars (all-glass construction) were used as test contaioers. 



The jars measured 23 cm x 31 cm x 50 cm deep aod bad a 

capacity of 18 litres. The test cootaioers were made 

chemically clean by wasbi.ng with chromic acid, then with 

tap water, aod finally with distilled water. All glass-

ware used for the preparation and holdiog of stock solutioos 

was cleaoed in the same maooer, 

Each of the five jars was divided into two approximately 

equal compartments by a screen of pl1JStic mesh. This ensured 

that the two groups of test fish were exposed to the same test 
-··1 

concentratioo, Although the use of this type of mesh to some

extent defeated the purpose of using all-glass cootai.oers; it

was the only suitable mesh readily available. There wet' e not

enough battery jars to use one for ec1ch group of fish at each

of five concentratioos.

3,23 1'est Solutinos 

DDT was dissolved in acetone (reagent grade) to obtain 

a 0, 05�; s toe k solution. This was furthet diluted in acetone 

to give 0.0001%, 0.0004%, 0.0016%, and 0.00611?0 solutions. 

20 litres of tap woter was poured into eoch of five gloss 

batter-y jBrs, 20 mls. of the appropriote dilution was then 

added to each of four jars to give test concentrations of 

0.001, 0,0011, 0.016, and 0.0611 ppm DD'r. 20 mls. of acetone 

was odded to the fifth jar to give a control solution (0.00 

ppm DD1'), It was anticipated that the LC"O' (48 bour•s) for•
�) s 
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both populations would lie within this range of concen­

trations, since published Lc50 (72 hour) values for

mosquitofish range from 0, 01 to 0.05 ppm (,Johnson, 1969; 

Vinson, Boyd, and Ferguson, 1963), The concentrations 

were chosen to increase geomett'ically, since toxic effect 

is related to the logarithm of the dose, rather than to the 

dose itself. 

3, 24. Experimerital Procedure 

Fifty fish from each of the two population samples 

were introduced into the five partitioned battery jers, so 

that each jar contained twenty fish (ten from each locality, 

separated by the mesh di.Viding sc·reen). Fish less than 2 cm 

or more than 3 cm in length (mea,rnred from tip of the mouth 

closed to the tip of the caudal fin) were not used for testing 

(cf, Doudoroff, 11 ... the length of the longest fish used in an 

_individual bio asflBY should not be more than 1 ,5 times the 

length of the smallest 8pecimen used. 11). No account vms 

taken of sex, since it has previously been established that 

the sexes do not diffet' in regard to susceptibility to DDT 

(Vinson, Boyd, and l"erguson, 1963). 

20 mls. of the appropriate solution was then adcled to 

each of the five jars to give test concentrations of 0.00 

(contPol), 0.001, 0.0011-, 0.016, and o.o6Lr ppm DDT. Deacl 

fish wel'e Pemovecl &ncl the percentage mortality was recorded 

at 6-hourly intervals for the following 42 hours. 
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The temperature of the test water affects the toxicity 

of pesticides to poikilotherms. Bridges et al. (1963) 

found toxicity of DD'l' increased with temperature decre,1se, 

:with the effects levelling below 9,0°0 and above 29.5°0. 

Cope (1965) reported DDT mor.'e toxic to. rainb ow tPout and 

bluegill at a low temperature (13°0) than at high tempera-

tures (18.5°0 and 23°0). The temperature of the test watet' 

was therefore kept BE! constant as possible bJ' using an oit' 

condlt_ioner in the laboratory, V✓ater temperature was 20 + 2°0 

throughout the experiment. 

Artificial lighting was used only while mortality was 

otherwise natural li.ghting prevai.led thPough­

out the experiment, 

The fish were oat fed during testing, 

Early symptoms of DD'r poisoning of Gambusia affi.nis 

were short bursts of exaggerated swimming movements. VlhiJ.e 

poisoned animals showed these movements, cootrool animals 

rested qui.etly on the bottom of the teE;t container. . Fish 

which d·iecl from DD'l' poisooi.og J.ay on the bottom with thei.r 

bodies contorted sideways and their opet'cula extended at 

right angles. Thus there was little difficulty in deciding 

whether a fish was dead or not wheo mortality was being scored. 
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i,, ALl fish sconed as being dead \¡/ere removed fnom t'e test

i;, cootainens and pLaced in a container of tap waten. Nooê
lr'i, recovened.

:;r .

il, Expenlmental. nesul"ts wene as follor¡rs ?
çì.i

ii Figunes lndicat e number of f ish dead at given tirnes.
i't::

PERT0D oF EXPOSURE (nnS)

DDT CONCN,
Populatlon

SA}/]PLE

O.0O ppm

CONTROL

Lake
CooLLeLal"

Ganden
Island

0.001 ppm

O.004 ppm

Lake
Coo1l-eIaL
Ganden
ïsla nd

Lalre
Coollel-ai"
Ga r.den
Isl"and

Lake
CooLLei.aL
Ganden
IsLand

0.016 ppm

O. 06¿l ppm

T,ake
CoolleLaL
Garden
IsLand



It can be seen from the results that the mesh dividers 

in containers 1 and 2 were not satisfactory. 

All control fish died within /j2 hours of commencement 

of the experiment. At this time three of the fish exposed 

to DD'r were still alive. 

Initially, a higher mortality occurred amongst the Lalrn 

Coollelal fish than amongst the Garden Island fj_sh in all con­

centrptions of DDT and also in the control tank. 

3. 4 DISCUSSION 

The results gave no information on the toxicity of DDT 

to the fish j_n the two samples because of the 11igh control 

moTtality - 75% in 24 hours. This was well above the accept-

able 10% maximum level (Doudoroff et al., 1951 ). 

There were numerous pN;sible explanations for the 11igh 

control mortality. Since the test water W8s not aer8tec1 during 

the experiment it was possible that the fish died from lack of 

oxygen. The fi.sh might have also been psrticulai. 'lY susceptible 

to the acetone int1:oduced into their vwter. The tsp water msy 

also have contained toxic chemicals in lethal concentrations, 

chlorine and copper ion beine the most likely. 

Whatever the cause of the hirrJ1 mortality, the La!:e 

Coollelal fish were more susceptible than tbose from Garden 

Island. '.rhe reason for thi.B difference in suBcepti.bili ty 

was not evident. 



4. 0 �XI:RRHTENT II 

4, 1 INTRODUCTION 

Prior to their death, the :fish o:f Experiment I swam 

about slowly, visibly gasping. Lack o:f oxygen was thus 

thought to be the most likely explanation for the high 

control mortality of that experiment. Experiment I was 

there:fore repeated with alterations which, it was hoped, 

would reduce control mortality to less than 10% and would·, 

also prevent mingling of the two groups of fish io each 

contain er. 

4, 2 MATERIALS and METHODfl 

'rhe materials and methods of Experiment I were used with 

the following alterations : 

Airstones tea by compressed air were used to oxygenate 

the test water during the experiment. 

The simple mesh dividers were replaced by :five-walled pJastic 

mesh enclosures (each with four sides and a bottom) so that 

the two groups of fish were unable to mingle. 

A different range of DDT concentrations was also used, as 

the two lowest co ncentn1tions of the previous experiment were 

thought to be too low to cau,ie significant mortality during testD 

of 118 hourD duration or less. The new Pange of concentrations 

was 0,00 (control), 0,02, 0,04, 0.08, and 0,16 ppm DDT. 
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l+.3 RESUL,TS

Expe n lmen taL results vlere as follows ¡

FÍ.gunes indicate number of fish dead at given t imes.

PERTOD OF EtrPOStRE (HnS)

POPITLATTON
SAt;iPLE

Lake
CoolLeLaL
Ganden
Island

O.O0 pgn
( co nt ro l-)

Lake
Coollel-aL
Gand'eñ
IsIand

Lake
Coo11e1aL
Ganden
Is Land

Lake
Cool-1elaL
Ganden
Island

.08 pgn

.16 ppm

Lake
Coo11elaL
Gand en
IsLand



The mesh dividers used in this experiment prevented 

any mingling of the two groups of fish, 

Control mortality was o.gain high; wi thi.n /.j.2 hours of 

the commencement of the experiment, 17 of the 20 control fish 

had died. 

, Aeration of the test water did not reduce the contl'ol. 

mol'.'tali ty to the acceptable 10% level. - It thel'.'efore o.ppem0ed 

likely tbat tbe water used for testing ( tap water) contsined 

some toxic chemical, and that mol'.'tality was not due to lock of 

oxygen, Experiment III was designed to examine this possibility. 



5.1 

5. 0 EXPEIU l!cENT III 

INTRODUCTIQ£I 

The high control mortality of Experiments I and II 

was now t bought to be due to some toxic chemical in the tap 

water. In Experiment III the mortality of fish in tap water 

was compared to the mortality in "conditioned" water. 

It was also obvious that the very large surface area 

of the plastic mesh compartments of Experiment II defeated 

the purpose of using glass battery jars as test containers. 

Use of these non-disposable containers also meant that they 

had to be acid-wasbed ,ifter each experiment. Having only 

five such containers lhnited the number of' fish tl1at could 

be tested at each concenti:ation of DDT, and precluded the 

use of i:eplicates at each concentration, For these reasons 

the battery jars were discarded as test containers, being 

replaced by half-gallon ice-creem buckets. 

Experiment III Vies also designed to establish a suitable 

number of fish to use per container in future toxicity tests. 

The numbers of fish per• container trj_ed were : 

1 o. 

5. 2 MA'l'Rll,IALS _and JTETHODS 

3, 5, 7, and 

Twenty--foul' cl0s.l'-plar➔t:Lc ic0-cremn container's (-} gallon 
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or 2.27 litne capacity) \Tere used as test contâiners. One

l-ltre of tap v"ater was pouned i.nto each of the first tvlelve,

aod orle litre of rtco r]ditionedrt water into each of the

remainden. Gambusia from the Lake Coo11elal stock lvere

placed in the test contaj.ner"s as follows i

ITU¡/íBFR OF
CO}TTAÏi'TiiRTJ

TOl'AT
OF

i{Ul'iR1*11ì
FTSl{

30

There t¡i as no accllma tization per: iod for this experinlent.

ï'ioter teniperature ïlas nraj-ntainerl bett'¡een 17oC and 21oA.

The f ish v/ere no t f ed dirring the experiment.

Ir{ortality r¡¿s scored at irregulrrr ini,ervals fon 96 hours"

3

15

21

9

15

?-1

3010

v

3

l'JAl'ER
TYPE

NUi\4BitIl Oll FIIìH
PDR CONTATI,{]'']1ì

OND]TIO]]$-]D
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5.3 gJrs.l&rg

The experimentaL results were as fef]e\¡Js :

Tire fi gures inclicat e peucentage t.nort¿ìlity at given times.

5.lt ÐTlrguù1.9rcI

Expo su.re to tap uaten under the test concliti.ons Þlroouc ecl

]'TI.NIBAR
OF CON-
TAT}MRS

,'7

100

))

100

20

93

9cl

10

PiìrìroD o!' ExPosuRE (ttns

T/TP

CCINDïT,

6l
o

53

o

2Lt

10

37

3

TSH PER
OÌ.TTATMT,R

100

?_2

93

20

B7

17

3

7

3

7

TAP

coIïDm,

TAP

CONDÏT,
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between 80}; and 10o% mortality in 2/J hours. Exposure to 

tlconditioned" r;atel' produced between 17�6 and 2L1% mortality 

in the same period, Obviously the tap water contained some 

toxin ol' toxins which are lethal to Gambust� affinif!. .§.ff.int§., arrj 

which are not present, ol' are present in lower concentrations, in 

the "conditioned" water. Por this reason tap water was no 1onger 

used as a solvent f'or DD'.i.' test solutions. 

water was used.for }!;xperi.ment IV • 

Instead, "co ndi t :Lon ea" 

. , Mortality at 2� hout•s was in all cases mor-e than the 10j(, 

acceptable l imi. t for cont r>o 1 fish. It will be noticed, however, 

that for the groups with :5, 7, and 10 fish per container, the 

rnortali ty in the followinrc 72 hours was less than 1o% ( o;;;,
"'-"-"=""-.;c.c.� 

and 8% respectively), Because of this, in the following 

experiment fish were mai.ntained ih the laboPatory fol' 21.1 hour8 

priol' to testing, to enable them to acclimatize to test con-

ditions. At the end of 2� hours dead fish were replaced by 

other acclimatized fish. 

The percentage mortality in containers of 10 fish in the 

interval 2Lt-96 hours was less than 109;;. Since it was preferable 

to use as many fish as possible at each concentration, 10 fish 

were used pep contsine.r j_n expe1° iment IV. 
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6.o EXPimnmNT TIT

6.1 INTRODUCTION 

By using conditioned water as a solvent of DDT test 

solutions, and by maintaining the animals under test con­

ditions for 2/4 hours before testing, it was believed that 

control mortality could be kept below 10'.)& for experiments 

of at,least 72 hours duration. 

The aim of this experiment was to test the compara­

tive susceptibilities of populations of mosquitofish from 

Lake Monger, Lake Leschenaultia, and the Ellam Street 

Victoria Park drainage channel. 

It was expected that the selective pressure exerted 

by low habj_tat levels of DD'l' would heve resulted in the 

_Lake Monger populat1on being able to tolerate hi.gher test 

concentrations of DDT tlwn the unexposed Lake Leschenaultia 

and Ellam Street populations. 

6.2 MATERIALS and l,1:J<:�'HODS 

Approximately 200 fish were collected from each of 

the three study populations by means of a scoop net, 'J.'he 

f:Lsh were transported to the laborator•y in "esls.ies", each 

containing water from the appropriate habitat, 
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The sample ft-om Ellam Stro eet, as well as contai11i11g 

GamburJia pffini,9. af:fi11is, contai.ned another subspecies of 

mosQu:Ltofish, G. affi11is_ holbrooki (Git-ar.d 1/359). Both 

these subspecies occur. together. in the drainage channel. 

This, is the only loc8.li ty in Vies tern Australi. a to Which 

fu E:..!. holbrooki is known to have been introduced, The 

two subspecies are easy to distinguish; G. E:..!. holbrooJL1 

are f!eavily spotted, whereas Sh.§
.!. 

affinis are not. They 

also differ in body shape. 

Forty-five half-gallon, clear-plastic ice-cre8.m buckets 

were arranged i11 a block (15 x 3) to be used as test con-

tainers. one litre of conditioried water was poured into 

each of the containers. The containers were randomly 

assorted within the block, which was then divided into 

three equal blocks (e8.ch 5 x 3). 150 fish from Lake hlo11ger 

were thetJ ra11domly assorted into the first of these blocks, 

10 fish per container, 150 fish were tsketJ from each of the 

other two samples and assorted randomly into the remaining 

two blocks of contai.ners. 

Fish of less than 2 cm or more th8.n 3 cm were not used 

io the experiment. No attempt was made to scpar•ate the two 

subspecies of mos qui tofisl1 in the El lam Street sample. 

T�e 450 fish were acclimatized to test conditions for 

2Lr hours pl'ior to commencement of' the experiment. Deud fish 



were then removed and replaced by spare fish which had 

also been acclimatized. 

The only fish of the Ellam Street sample to die 

were 2.!. � holbrooki individuals, all of which died. The 

reason for thii is not known. These were_ replaced with

2.!. .§..!_ affinis indi.vi.duals from the same sample. 

Unfortunately theL'e were not enough spare fish to 

replace all of those from the Lake_Leschenaultia sample., 

which had died during accli.matizati.on. Two of' the three 

0.16 ppm DDT Lalze Leschenaultia replicates (B and C, see 

below) therefore contained no fish. 

one ml. of the appropri.ate stock DDT solution was 

then added to each of the 45 containers so that each block 

of 15 containers consisted of 3 replicates of each of 

5 DDT concentrations, these being 0.00 (control), 0,02, 

O. 04, 0, 08, and O. i 6 ppm DDT. The three blocks were 

then regrouped and the 45 containers randomized a second 

time. 

Note that all randomizations were done by using a 

table of' L"andorn numbers. 

The resultant arrangement of fish, test concentra­

tions, and replicates is shown below : 
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Containers LL 0.16 B and LL 0,16 c, although con-

taining no fish, v1epe retained i.n the experiment. 'rhis 

was because, at this stage in the exper-1ment there was 

insufficient time to make the necessary ca1culati.ons for 

the randomization of 43 containers, the catculations for 

45 containers having been made in advance. 

The 1 ml aliquo�s were added at 1-minute intervals, 

and mortality was subseqvently recorded i.n each container 

at 1-minute intervals, in the order in which the DDT had 

been adde_d. Thus the scoring of' mortality required 45 

minutes every 6 hours for four days. 

Water temperature in the test c�ntainers was held at 

17 ± 1 °0 for the duration of the experiment, 

was_ scol'ed each clay for four clays 'at 160L1, 220L1, 0L10L1, and

i 00l.1 houPs. Artificial li.ghting was usec1 a·G these times 

only; at other times normal d8.ily light cycles prev8iled. 

Experiimental r1a�·n:;.J.ts aPe shown below i.n condensed 

forn1 ancJ Bl'e gniphi.ca:Lly illustnitod in Figut'es 1-6. Ravi 

data are given in Tables 1-16e 
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Plotting the percentages killed against the 

concentrations (Figures 1-3) results in a skewed sig-

moid curve. This curve, however, is ill-suited for 

either interpolation or extrapolation. A pPef'erred 

pPocedta•e is to expPess dosage in logarithms, which 

normalizes the distPibution of moPtality with respect 

to dosage, and to express mortali t.v in terms of standard 

deviations from the mean. When increased by a factor 

of §', tl1ese standat'd deviations become pl'obits, A plot 

of' log dosage versus prdbits gives a line which, f'or a 

homogeneous gPoup, is approxi.mately str•aight over a 

mortality range of 2a;{, to 80% (Hoskins, 1960). 

Log dosage-probit lines have been constr•ucted for 

the exposure times most commonly found in the literature, 

that is, 24, 36, 48, 72, and 96 hours (Figures L1-6). The 

most imp0Pta11t features of these graphs are theiP slope, 

which messuPes the variance in response of' the majority of 

the individuals, sod the LC50 point, the concentration of

toxicnnt at which 50;!6 of the test animals are kl.lled fol' 

specified periods of' expoDure. The transf'o r1mcd de. ta 

are given in Tables 17-21. L050 values are tabled below.
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DISCUSSION 

As can be seen from the resultc,, the new stratagem 

of using conditioned water and not tap water as the test 

solution, and allowing a 2L1 l1our acc;limatizati.on period 

before commencing testing, reduced control mortality Gon-

siderably. There was no contr-ol mor-t,:ility at 21.1 hours 

exposure. Control mortality .did not exceed the acceptable 

109"6 ;Level until 66 hours, and then only in the J1llam StPeet-

sample • Control mortality was sti.11 well below the 10% 

. level for both the Lake.Monget' and the Lake Leschenaultia 

populations 96 hours after testing commenced, 

In comparing the relative suscepti.bi.lities of the 

three populations, I will firstly con�ider the populations 

of Lake Monger and Lake Leschenaultia, 

It was expected thet since. the Lake Monger population 

had been exposed to DDT f'oP some time, it might be more 

tolerant to DDT tl10n the Lah:e Leschen,rnJ.tia population, 

However, the Lc
50 V8lues for 2L1, 36, 4b, 72, and 96 hours

exposure of the Lake Monger population were in all cases 

less than the c:orrespondiog values of the Lake Leschensultie 

population (see l�esuJ.ts)� This would indicate that the 

Lake Monger populatinn was in fact more susceptible to DDT, 

'rhe slope of the log dossge-probi.t lines f'or the 

Lel,e l,1onger population et•e steepeP thao those of the Leke 



Leschenaultis population, indicoting tbat in the former 

population there is a smaller variance of response to DDT 

poisoning" This is also atypical of tolerant populations; 

their log dosage-probit line_usually hes a lesser slope -

cf. Hoski.ns ( 1960) : 11A clear decrease .i.n slope i.R a sure 

sign that resistance has appeared.'' 

An explanation for these unexpected results is 

offer,ed. It is believed that the fish from Lake Monger 

which were used in the experiment, unli.ke those f
l

'om Lake 

Leschenaul tia, were carrying a sublethDl burden of DDT. 

Because of this burden, the amount of additional toxicant 

required to reach the lethal level was reduced. Tbis

•. reduction t'esulted in an Lc50 value lower than would be

obtained for the same fish free from DDT contamination, 

and lower than the Lc
50 value of the Lake Leschenaultia

_. 

fish. 

The level of ex po SUL' e to DDT wl1 i.ch produced ,rnb lethal 

contami.nstion i.n the Laf:e Monger fish would l1ave killed the 

more susceptible members of that population, thus reduci.ng 

the vara iatlce of response of the populnti.on, and steepen"lng 

the slope of the log dosage-probit line, as was observed. 

The result_s obtained from the unexposed l,:llam Street 

population are more difficult to interpret, At 72 and 

96 hours exposure the 1050 vsl.ues obtained from this

i il 
., 
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population are the same as those of the Lake Leschenaultia 

population, This is to be expected, since both populations 

have not been exp0sed to DDT E1ncl tberefoi:e would presumcJbly 

have the same tolerance. At 211, 36, and 41l hout'S exposul'e, 

however, the Ellem Street population bas higher LC50 values,

indicating greater tolerance. Also, at 96, · 72, and Lr/3 hours 

exposure the varianc� of response of the Ellam Street fish 

is l�ss than that of the Lake Leschenaultia fish, whereas at 

36 and 211 hours exposure it i.s fnor,e (l<'igut'eG 11 -6). Ho 

explanation is offered for these ambiguities. 

Whether or not the presence of sublethal levels of 

DD'r in the Lake Mongel' fish is the reason fol' the apparently 

greater susceptibility of this population, the possibility 

of this factor affecting the results obtained in similar 

studies is raised o

1 
To the author's knowledge, no account has been taken 

of this possibility in any previous studies involving 

susc�ptibility comparisons. Obviously, if tolerant or 

resistant populations of pl'evious studies involving per­

sistent environmental contaminants have been cal'rying sub­

lethal levels of the taxi.cants under study, whi.ch is hi .. ghly 

likely, the true tolel'ance of these populations will hove 

been underestimated to varying degrees� It would sppear 

mandatol'Y that in future r.studies in thiB fielcl, test sni.mals 



38. 

be ''flushed out" or consiaeretion at least be given to 

the influence ahich undetermined sublethsl levela may 

exert on results. 

In this study no conclusions can be al:'avm about 

the true susceptibility of the Lake Monger population 

and its relationship with that of the unexposed Lake 

Leschenaultia population. 
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sgsglÞ r rolq *ti"a&_Eurr¿Rji_ !'r_ogl!

The next ste¡t in this investigation, the testing ef
the hypothesized explanation for. the qneater susceptibirity
of the LeL<e I'iongel' population, w6u1d best be tested in the

fol1oling n.?nner, : '

Large samples (4OO or ntore fish) of the Lake i,{onger

and Lake I-,escl:enaultiä populations sl-roulrj be held in con-

ditlonèd rvater in suitable tanks, ilre holdins v¡aten being

changed once per vleeh. li'ish should be sampled in these

tanks vreekly, commencing on ilre day of initial sampling of
tire populatio n, and these vreehly sarnples should be analysed

for wirol-e-fish DDT concentnations. This would :

a) shov the leve1 of DDll contam1natioo of the

Lalce l,{onger popul.ation, a nd the aìrsence of
DDT in tlre Lake Leschenaultia populatiou; and

establish the half-life of DDT in tlre Lake liíong€r

sample v¡hich is not¡ free fnom furilre'r contamin¡-¡ti.on.

(t¡re lral-f-life of DDT in the goldf1str eg3l¡lg-lllg
g¡1¡a._[gg iras been esiablished as 27 days by Grzenc]a

(l"r7O), using rad ioac tively-1.atre11ed DDiL'. This

rnore 1:opr-r.lar techn j.rÌue j.s unneceñsary hei:e. )

b)

Vlhen nros t of the bod"r burclen has beer: nletaboliserl and

el.imi-natecl by the Lake Liongen fj.sh ( u. jrrrlged by i)DT estinnation



of weekly samples), the LOso's of the two population samples

should be re-determined for comparisotJ. 

Samples were taken from each population on three 

occasions fol' this purpose; l1owever all fish in each sample 

died inexplicably after two to fout.' weeks maintenance in 

tacks in the Zoology Department animal yards, on one of 

these occasions frogs which were in adjacent tanks also died, 

Testing of the hypoth'esis i_c the intended mflnner was thus 
' 

prevented. 
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8,0 SlTT\'.!.'ARY AND C0NCLUSIONS 

The relative susceptibilities of a number of popula­

tions of mosquitofish (Gambuaia affinis affinis) to DDT 

werie tested .. Some of these populations had been exposed 

to DDT fol' many years, othePs had no hiatory of expoaupe 

to DDT, 

'�arly attempts to compape susceptibilities were 

hampered by high contiool mortality; experiments sl1owed 

this mortality to .be due to some toxic ant ot' toxicants 

contained in tap water but not in conditioned water, In 

later experiments, thePef'oPe, conditioned water was used. 

It was anticipated that the exposed populations, 

due to selective pPessure imposed upon them by low habitat 

levels of DDT, w0ulcl be lef,S suscept:ible to DD'£ than the 

unexposed population. The opposite was found to be the 

case; fish sampled from a drainage channel at Lake Monger 

( exposed to DDT) were more BUsceptib1e to DDT tlrno unexporrnd 

fish from Lske Lescheoau1tis. It is hypothesized that the 

fish from Lake �onger drainage channel were carrying bub­

letlrnl arnourits of' DD'.l' be:fon, exposur·e to test ·concentrations, 

thus reducing the amount of' DDT required to reach the lethal 

level, and increasing their epparerit suBceptibility. 

Suggesti.ons for futuce wor>k i.nclucle the "flushing out" 
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of DDT f rom test aninlar-s of exposed popura tions befone
comparison of susceptibirities bet'een exposed and unexposed
populations are marle.

Ït is also suggested tirat otìrer" rnorkens sjrouLd i;ake
into account the posÊibility of sublethal levels of tc¡xicants
affectlng ilrein nesults, befone arnivj-nq at any conclusj.on
regarding the. nelative susceptibilities of popul.ations nhich
they may Ì:e studying.

I
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APPENDIX I 

11. 0

5_3. 

APPENDICES 

LD
50 is an abbreviat:i.on of "lethal dose for• 50;/,

mortality" and is the dose requi.Ped to ! \:ill 50�£ of a 

population s8mple; it is specific for a particular 

period of exposure, e.g. LD50 ( 2L1 hours) " o. i ppm.

'LC50 is the lethal concentration required to

!-::ill 50% of B population sample, 

'rhe LD
50 measure of susceptibility is used in

f'eeding-trials where the actual amount of pesticide 

consumed by tl1e test anirnBl j_s known. Lc50 is used

••. f'or aquatic sod mar-ine animals, since only the concen­

tPati011 to which they are exposed, and riot the dosage 

of' .. toxics.nt. wl1i.ch the.17 receive, i.s known. 

"Oonditi.oned 11 water. 

11Cooditioned 11 water in scheme water which J1as 

passed through three open concrete tanks (interconnected) 

in the Zoology Department animal yards. 'l'he writer which 

was drmvn from these tanks ancJ used in experiments Jwd 

been standing :for at least one week, 
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O'ùL pp^ st ô 0.30,
O'01+ ftFt 3o 2- o 0'602.

O.oe ¡^ 30 I te .b 0.q03 +' t07

o.t6 F?'^ 30 tt Lq.7 l.zo4 4 .467
o.40 ff^ t. 60 !; , 000
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TAKE T,ÐSCiÌE}TAULTÏA

fr^IO

l,C5O = O' IL ¡¡n

$åIüLJ-! : Determination of ErnplrtcaL Probj.ts antl LC5gr *- ¿'v P

for 48 hour.s exposure to DDT" ïihere necessaryr percenta.ge

tcilLs have been a.djusted. (using Abbotrs formula) '60 accoüllt
for contro.l- mortal-ity"

t

l

i

ll l.iôt{(iliR

DDr Col'Jcú
l/ url g É(
OF FTSTl

¡J t{Ho E(
K¿tTÊD

PÊ.ßCE r.rt^cr Ë

KE LL6-I) lo3,o (øn.n 
" 
,{

'E11Pilt¡:c4L
Pß0ßx 1'

0'0L pp¡i 30 I 3.3 0.s0t 3.16L

O'Of ppñ 3t I 2s'8 0 .602 u.3{o

0.08 pp" 30 2b I6.7 0 .q03 6.ttZ

O'tb ¡¡', 30 2q q 6.7 | .20tþ é.gse

0'01 pp^ 0.72 f '0oo

0.02 ¡¡h 2q 2- 6.q 0'30t 3.5 t7

a:aÇ ¡¡^ 30 4 t3'3 0'6oz 3.888

0.09 n^ 30 .,+ t+6'7 0.103 +.8t7

0.t6 ffr IO 7 7ô.o I .20|+ 5 ':ilt+

O'to y¡^ 'lô no^ ÐDT
t.00 s .000

V

O')L a^ 3t o 0.301

a'ou ff,, 30 9. o 0. 6ô2

0.0e ¡¡^ 30 ,o L5,9 0.q03 4.85t4

0.t6 ßô 30 2L '70.3 I .zo4 5.sss

O:12. ¡¡t^ | '08 5 ,000
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DDT CONCN
NUNßEQ
or FrsH

N qñß et(
K¿T¿ÊD

PÊÂceñtÂcÎ c.

KT LLÉ.o log,o(øncn*,*) En Pr 4r,cAL
P40ßrt

0'01. ?Fa 30 3 t0 0.30 t 3.Ztg
O'oh ??Â 3t 9 2q 0 .602 4.4+7
O'08 pp. 30 L7 q0 0 'q03 6.zez
O '],6 ¡¡^ 30 30 t00 I '20tr I .7tq

O'OI4*¡¡,^
LC6¡ =, O.O+$ p¿n DDT

o.6L 5'0oo
50 ff

I,Ar{E LESCHnI{AITLTIA

ff^

Lc 50 08 r(^ DDÏ

TêB,Itc ;2,q : Detenmlnat ion of llrnp j.ntcal, prob j.ts
foF 72 ihovrs exposure to DDT. \,jhere neces.sary,
kllLs have been adjusted (usÍ.ng Abbotrs forrnula)
for controL mortaLity.

50

a r:cl LC5g, s 
.

pe rc eo ta ge

tct aecoun t

4.0¿ ?tÀ 2q 3 ,o 0.30t 3'7tg
0 i0t1- ¡¡^ 30 5 t 6.7 O.LÔ? 4'03t+
0.09 n*, 30 l6 t3.3 o. 103 5.os3-

5.s24
0'16 fl.. t0 7 70 1.20|c,

O'OB pp'.
LC-^ = O,0g ODT

o .q2 s .000

O'02 pp^ 3t 2 0 0, 30,
0.0t+ ilÅ 30 7 I 1.5 0.602 3.800
0.0? ¡7n 30 lt¡. 38.4 0'q03 q.zo5
a't6 Pl'r. 30 27 88.5 I .xoh 6'zoo
0.08 F{^ o'qL lí ,000
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DDT CONCIJ
MUmß8,(

OF FTSH
¡r 4¡rc êß
KLTT€.D

PEßf ENT/lcr ã.

l<I L LÉ-f) log,o(ttncn*tQ EÈIP¡41cÁL
Pß0 ßt 1

O'02 '"p^ 30 10.3 0.30t 3.735
O .olr 3t '

n 3s.3 o .602 4 .568

o.08 30 2 8q.7 a' jos 6,ózl
A'16 ¡¡^ 30 30 t00 I .20rt 8 7rq
O 'Ol1 çp"t

LC6O =- o.o4 9Vî
0 .6L f .00

f(ñ

LAKD ],ESCTIENAUI,TTA

5o ff^

tc50 o7
fft^ DDT

q¿BJ,jfi e1 : Determtnatior of Ilrnpirical pnobj.ts
fon 96 hours exposure to DDT. ïiirere necessary,kJ.lls have been adjusted (using Abbot,s formul"a.)for control_ montality.

and LC5gr s
perc en'r,age

to account

O'02 rrh 2q 4 13. I 0.30t s.q,t
O.,1tf fiá 30 7 i3.3 0.602 4 :271

0.0? nn 30 tq 63'3 0.103 5,5+O
O.l6 ff^ t0 8 I O.o I. Lot. 5.8+Z
o . ô-2 ¡p,^ LC-^ = .O.07 DDT

o .e3 s .ô00

O.OL p¡^ 3l 3 o 0'3ol
0,602 ,-t t33

O'01+ ffÅ 3o q tq'.3

O.0e ¡s^ 30 tq 5.7.7

q6. I.

0.q03

I ,zo4
t:

6

.ru
762

o.t6 Ê4 30 zq

O:'O7 ftu o.83 5 .000




