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1.0 INTRODUCT TON

: 1 D
Tncreaces 1in tolerance or resistance " to pesticides
have been renorted in only a Tew vertebrates. A DDT-tolerant

strain of Mus musculus has been produced by selecflon in

which 1.7 times more DDT was required to produce an LDgj, (see
appendix I) in the ninth selected generation than in the
original stock (Ozburn and Morriseoh, 1962).  The failure of
stendard dosages of diphecinone and warfarin to control

Norwegian rats (Rattus nNorvesicus) in the field led to lab-

oratory tests, the results of which indicated apparent
resistance of the rats to these poisons (Bayle, 1960),
Further evidence of warfarin resistsnce in thig populatinn
has been shown by Cuthbert (1963). A pousible example of
increased tolersnce to DDT in nstursl populaticus of the

southern cricket frog, Acris aryllus, and the northern

cricket frog, A. crepitens, has also been shown (Boyd et

Resistance to DDT wes first reported in the

moscuitofich, Gambusia affinis affinis (Bsird and Girard)

by Vinson et al. (1963). Subseguently, Ferguson et al., (196L)

(1) The terms "resistance" and "tolersnce" have been arbitrarily
defined by Boyd and Ferguson (1964) in the following wménner:
"ITf 10 times ss much insecticide ig reguired to cause
equivalent mortalities in ane of tvo populations, that
populetion is termed resistvant; differences less than
10-f0odd are termed a tolersnce."
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have shown populations of mosguitofish in waters near cotton
fields with s history of DDT exposure to be resistant to
normally lethal doses. The observed resistance is thought
to be genetically based, resulting from the selective actinnd
of the insecticide. Resistant mosguitofish (F4 generation)
resred in an insecticide~free environment may have as much as
300 times the natural resistance (ibid.). Toxicity values
for fish as many as three generations removed from exposure
to insecticides remain essentially unchanged from those of

the original selected parental populatione.

The adaptive physiological wmechsasnisms that bring
about resistance in fishes have not been identified. Factors
which wmay confer resistance include mechanical exclusion of
the .pesticide at exposed surfsces, detoxication and conversinn
of the toxicant to a less toxic state (normally involving an
enzyme system), and storage wherein the animal is able to
tolerate higher levels in 1ts tissues. DDT resistance in
mosquitofish is thought to be accomplished by detoxicaticn

(Ferguson 1965).

The aim of this study was to compare the suscept-~
ibilities to DDT of DDT-exposed and unexposed populations

of mosguitofish which have been introduced locslly to conirol
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mosquitoes, and to elucidate the factor or factors respons-

ible for any differences which might have occurred.
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2,0  SELECTION OF STUDY POPULATINNS

It was necessary for the populations of mosquitofish
chosen for comparison of susceptibiiiﬁies to have the follow-

ing characteristics ¢

a) gene flow between populations to be zero;

'

v b)  the DDT-exposed population to have been
continuously exposed to-DDT for a number

of years;

c¢) the unexposed population not to have had a
history of exposure to DDT or t; related
Compounds such as al@rin,léieldrin, or hepta-
chlor, since exposure to_one of these insect-

4 icides may produce cvpssfesistance to DDT

(Boyd and Ferguson, 1964);

d)  that their habitats be permanent, not
ephemeral, since ephemeral water bodies 1in
the Metropolitan area are restocked each

year with mosguitofish from other aress.

The vwater bodies containing populations most likely

to meet these criteria were visitead. Those examined were



He
Camel Paddock (swemp near Perry Lokes)

Lake Leschenaultia

Garden Island - stream formed by water-~
bore overflow

Lake Coollelal (Wanneroo)

Drainage channel at north end of Lake Monger

Ellam St. Viectoria Park dreainage channel

Craig St. Victoria Park drainage channel

Herdsman's Lake

X Perry Lakes |
Lake Monger
Lake Joondalup
Lake Coogee

Three unnamed swamps in Spearwood

Only the first six of these habitats contained
mosauitofish in numbers and densities such that suitable-

gized samples could be taken in a few hours.

i Camel Paddock, although suitable by other criteria,
was rejected as it was an ephemeral swamp. Folléwing the
dry winter of 1970 it had dried up for the first time in
eight years, Ithad therefore been restocked in May of
1971, |

The mosquitofish populations of T.ake Leschenaultia
and Garden Island appeared to be unexposed to DDT. There

was no evidence of pesticide having been used on or around
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the lake; 1its catchment area was uncultivated lande.
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 gardens drains into the Lake from
both sides. Interviews with local market gardeners
revealed that the following pesticides have been or are

being used each year on vegetable crops grown around the

Lake @
Calecine Dipterex
Cuprose Maneb
DDD Terra Thimet
opT Thigdan
Difolotan Zineb

DDT is used in large amounts and at frequent intervals.
One gardener freely admitted to applylng DDT to his cauliflower
crops at five times the approved application rate, once a

fortnisht (and also on the night before harvesting).

According to Mr. N. Silich of the Perth City Council,
the mosquitofish population of the Lake Monger drailnage

channel had also been exposed to DDT for a number of years.

It was not known whether the Ellam Street Victoria
Park population had been exposed. Subsequent analysis of

mud samples from this locality showed it to be unexposed.
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in summary, five populations were found to wmeet

the necessary criteria. 0f these, three (Lake Leschen~
aultia, Garden Island, and Bllam Street) hsd not been

exposed to DDT, and two (Lake Coollelal and Lake Monger)

had been exposed.
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30 EXPRRIMENT T

JNTRODUCTION

The aim ef this experiment was to compare the
susceptibilities to DDT of fish from two localities -~
Lake Coollelal (DDT-exposed populstion) and Garden Island
(unexposed population). Percentage mortalities of the
two populations were to be compared at each of four

gifferent concentrations of DDT,

3.2  MATERIALS. ahd METHODS

3,21 Zest Fish <

Test fish were collected from Garden Island and Lake
Coollelal with a fine-mesh scoop net and tipped into "eskies™
containing habitat water, Scoqps were made along the water's
edge, and through shoals of fish in deeper water.  Approx-
imately 200 fish were sampled at each locality. They were
held initially at the Zoology Department in conditioned water
(see appendix II) in ecncrete tanks, and were fed small

amounts of ground "sheep nuts" twice a week.

3,22 Test.Containers

DDT is resdily absorbed from solution by plastics
(Burke snd Ferguson, 1969). For this reason five battery

jars (all-gless construction) were used as test containers.
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The Jars measured 23 cm x 31 cm x 50 cm deep and had a
capacity of 18 litres. The test containers were made
chemically clean by washing with chromic acid, then with
tép water, and finally with distilled water, A1l glsss~
ware used for the preparation and holding of stock solutions

was c¢cleaned in fthe same manner,

Each of the five jars was divided into two approximately
equal compartments by a screen of_plastic mesh. This ensured
thaﬁ\the two groups of test fish were exposed to the saue tést
concéntration. Althbugh the use of this type of mesh to some
extent defeated the purpose of using all-glass containers, it
was the only suitable mesh readily available. There were not
enough battery jars to use one for each gfouﬁ of fish at each

of five concentrations.

3.23 Test Solutions

DDT was dissolved in acetone freagent grade) to obtain
a 0.05% stock solution. This was further diluted in acetone
to give 0.0001%, 0.000L%, 0.,0016%, and 0.006L4% solutions.

20 litres of tap water was poured into each of five glass
battery jars, 20 mls. of the appropriate dilutioﬁ was then
added to each of four jars to give test concentrations of
0.001, 0,004, 0.016, and 0.06L ppm DDT. 20 mls. of acetone

was added %o the £ifth jsr to give s control solution (0.00

ppm DDT) . It was anticipated that the LC5O,O (48 hours) Tor
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ooth populstions would lie within this range of concen-
trations, since published LC5O (72 hour) values for
mosquitofish range from 0.01 %o 0.05 ppm (Johnson, 1969;
Vinson, Boyd, and Ferguson, 1963). The concentrations
were chosen to increase geometrically, since toxic effect
ig related to the logarithm of the dose, rather than to the

dose itself,

3,24 Bxperimental Procedure

Fifty fish from each of the two populstion samples
were introduced into the five partitioned battery jars, so
that easch jar contained twenty fish (ten from each locality,
separated by the mesh dividing screen). Fish less than 2 cm
or more than 3 cm in length (messured from tip of the mouth
closed to the tip of the caudal fin) were not used for testing
(cf. Doudoroff, "...the length of the longest fish used in an
individual bio assay should not be more thanh 1.5 times the
length of the smallest specimen used."). No account was
taken of sex, since it has previously been established that
the sexes do not differ in regard to susceptibility to DDT
(Vinson, Boyd, snd IFerguson, 1963).

20 mls. of the appropriate solution was then added to
each of the five jars to give test concentratinns of 0.00
(control), 0,004, 0.004, 0.016, 8nd 0.06L ppm DT, Dead
fish vwere removed snd the percentage mortality was recorded

at 6-hourly intervals for the following L2 hours.
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The temperature of the tegt water affects the toxiclty
of pesticides to poikilotherms. Bridges et &l. (1963)
found toxicity of DDT increased with temperature decrease,
with the effects levelling below 9.0°C and above 29.5°C,
Cope (1965) reported DDT more toxic to.rainbow trout and
bluegill at a low temperature (13°C¢) than at high tempera-
tures (18.5°C and 23°C), The temperature of the test water
was therefore kept as constant as possible by using an air
conditionep in the laboratory. Water temperature was 20 t 20q,

R

throughout the experiment.

Artificial lighting was used only while mortality was
otherwise natural lighting prevailed through-

out the experiment.

The fish were not fed during testing.

‘Barly symptoms of DPT poisoning of Gambusia affinis

were gshort bursts of exaggerated swimming movements. ¥inhile
poisoned animals showed these movements, control. animals
rested quietly on the bottom of the test container.  Fish
which died from DbT polsoning lay on the bottom with their
bodies contorted sideways and their opercula extended at
right angles. Thus there was 1little difficulty in deciding

whe ther a fish was dead or not when mortality was being scored.
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All fish scored as being deasd were removed from the test
- contalners and placed in & container of tap water, None

recovereds.

Experimental results were as follows ¢

PERIOD OF EXPOSURE (HRS)
CONTAINER | DDT conew, | FOPULATION | | g 4o 148 {an | 30 | 36 | 42
o SAMPLE
0.00 ppm | Lake ‘ -
O | 1 L 1 81 8 9 9 9
1 contror | Gootlelal
Garden 0 1 1 1 7140111 1 1
Isliand
Lake B
0.1 4 6t 9112118118118
o 0.001 ppm Cocllelal
Garden 8] O 0O 0 O O O 0O
Island
g : Lake ofolztol ol olio]10
Coollelal ~ -
3 0,004 popm | o en oloto 1] 5] 8] o9
Island
Lake .
Coollolal o 11 5 _7 9 110 | 10 | 10
b 0.016 poin | (o vden ololodlolul| 71 9l10
Ialand -
Lake g v o
Coollelal o 11 7 19140 [10 110 |10
2 0.06L ppi | orgen olo {1 1115118140140
ITsiand

Figures indicate number of fish dead at given times,



It can be seen from the results that the mesh dlviders
in containers 1 and 2 were not satisfactory.

All control fish &ied within 42 hours of commencement
of the experiment. At this tiwe three of the fish exposed
to DDT were still alive.

Initially, a higher mortality occurred amongst the Lake
Coollelal fish than amongst the Garden Island fish in &ll con-
centrations of DDT and also in the control tank.

3.u DISCUSSTON

The results gave ho information on the toiicity of DDT
to the fish in the two samples because of the high control
mortality -~ 75% in 24 hours. This was well above the accept-

able 10% maximum level (Doudoroff et al., 19571).

There were numerous possible éxplanations for the high
_con’cr'ol'mor‘tality° Since the test water was not aerated during
the éxpcriment 1t was possible that the fish dled from lack of
oXygen, The fish might have also been particularly susceptible
to the acetone introduced into thelr watenr. The tap water may
also have contained foxic chemicals in lethal concentrations,

chlorine and copper ion being the most likely.

Whatever the cause of the high monrtality, the Lake
Coollelal fish were more susceptible than those frowm Garden
Islang. The reasonh for this difference in susceptibility

was not evident.
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Lo O EXPERIMENT IT

Lo INTRODUCTION

Prior to their death, the fish of Experiment I swam
about slowly, visibly gasping. Lack of oxygen was thus
thought to be the mosf likely explanation for the high
control wortality of that experiment. Experiment I was
therefore vepested with alterations which, it was hoped,
woulg reduce control mortality to less than 10% and would

also prevent mingling of the two groups of fish in each

container,

L,2 MATERTALS and METHODS

The materials and methods of Experiment I were used with

the following alterations :

-

Airstones fed by compressed air were used to oxygenate

the test water during the experiment,

. The simple mesh dividers were replaced by five-walled plastic
mesh enclosures (each with four sides and a bottom) so that

the two groups of fish were unable to mingle.

- A.different ranée of DIT concentrations was also used, as
the two lowest concentrations of the previous experiment were
thought to be too low to cause significent mortality during tests
of 48 hours durstion or less,. The new range of concentrations

~Was 0.00 (control), 0,02, 0,0k, (.08, and 0,16 ppm DDT.
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L.%  RESULTS
Experimental results were as follows
PERICD OF EXPOSURE (HRS)
NONTATN-  DDT POPULATION .
LR CONCN. S ANPLE 0 40 148 |2l |30 [36 [ 42| 48] Bl
Lake .
N 0.00 ppn | Coollelal 0 L b 7 8 8 ' 8110|179
1 (contr'ol) Garden 0 0 1 1 5 7 9 G 9
Island
Leke '
) 0 21 51 9140 {10110 1010
Garden 0 2 3 { 9 [10 | 10110 | 10
Island
Lake .
Conllelal 0 yl 2 A ) 8 {0 | 10 { 10
3 0.0 pP® | gapgen 0 ol 316 7 |10]10]10]10
Tsland '
Lake &
Ooollelal |° bl 519 {10 {10 {10} 10} 10
L |0.08 ppom | Gargen 0 51 5| 6]7])8]10{10]10
Tsland
Lake 0 1l a3l 7191040} 10
Coollelal |
= Py
7 0.16 ppm | Garden 0 olol z1st6] 7] 717
Iisland

Figures indicate number of fish desd at given § lnes.




The mesh dividers used in this experiment prevented

any mingling of the two groups of fish.

Control mortality was again high; within 42 hours of
the commnencement of the experiment, 17 of the 20 control fish

had died.

1l

« Aeration of the test water did not reduce the control ..
mortality to the acceptable 10% level.- It therefore appeared
likely that the water used for testing ( tap water) contained
séme toxic chemical, and that mortality was not due to lack of

oxygen. Experiment III was designed to examine this possibility.



5.0 EXPERTKEENT TIT

561 INTRODUCTION

The high control mortality of Experiments I and II
wag now t hought to be due to some toxic chemical in the tap
water. In Experiment III the wmortality of fish in tap water

was compared to the mortality in "conditioned" water.

It was slso obvious that the very large surface area
of the wlastic 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-washed after each experiment. Having only
five such containers limited the number of fish that could
be tested at each concentration of DDT, and precluded the
use of replicates at each concentration. For these ressons
the battery jars were discarded as test containers, being
replaced by half-gallon ice-cream buckeis,

Erperiment TII was also designed to establish a suitable
number of fish to use per container in future toxiclty tests.
The numbers of fish per container tried were : 3s 5, 7, and

10,

5.2 MATERTALS and KETHODS

Twenty~four clesr-plastic ice~cream containers (% gallon
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or 2.27 litre capacity) were used as test containers. one
litre of tap water was poured into each of the first twelve,
and one litre of “econditioned" water into each of the
remainder, Gambugia from the Lake Coollelal stock were

placed in the test containers as follows :

WATER | NUMBER OF NUMBER OF FISH TOTAL NUMBER
TYPE CONTAINERS PER GONTAINER OF PISH

~ qap .5 | | 3 -2
3 5 15
3 7 21
3 10 20
[CONDTTT OWED 3 % 9
, 3 5 15
3 7 21
3 10 30

There was to acclimatization period for this experiment.
Woater tempersture was masintained between 17°C and 21°¢,
The fish viere not fed during the experiment.

Kortality was scored at irregular intervels for 96 hours,




5.3  RBSULTS

The experimental results were as follows 1

PERIOD OF EXPOSURE (HRS
WUMBER OF | HUMBER TOT AL WATER
WISH PER 0F COK- | KUMEER Typﬁ 01 1 21 6116 24196
CONTAINER | TAINERS | OF PISH i
" 3 9 TaP | O |22 |56 [ 67100 (100 100
3
3 9 ChNDIT, o o] o o} 0 22| 33
5 3 15 TAP 0] 027 531 931 931100
3 15 CorpIT. | O] 0| O Of 13% 20 ﬁ)i
% 24 TAP O 5 44 {24) 621 81| 93
7 :
7 24 CONDIT. | O] O] 5 10| 19| 24} 29
3 30 TAP ol 0 |20 {37 731 87 100
10
3 %0 corpir, { 01 0 O} 3| 101 17 23

The figures indicate percentage wortality at given times.

8.4 DISCUSSION

Exposure to tap water under the test conhditions produced
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between 80% and 100% mortality in 24 hours.  Exposure to
Yeonditioned" water produced between 17% and 24% mortality
in the same period. Obviously the tap water contained some

toxin or toxins which are lethal 1o Geambusia offinis affinis, amd

which sre not present, or are present in Jower concentrations, in
the '"conditioned" water, FPor this reason tep water was no longer
used as a solvent for DDT test solutions. Instead, "conditionead"

water was used.for Experiment IV.

~ Mortality st 24 hours was in all cases more than the 10%
acceptable limit for control fish. It will be npticed, however,
that for the groups with 5, 7, and 10 fish per container, the
mortality in the féllggggg 72 hours was less than 10% (0%,
and 8% respectively). Because of this, in the following
experiment fish were maintaived in the laboratory for 24 hours
prior to testing, to enable them to acclimatize to test con-
ditions. At the end of 24 hours dead fish were replsced by

other acclimatized fish.

The percentage mortality in contailners of 10 fish in the
interval 24~96 hours was less than 10%, Since it was preferable
to use as many fish as possible at esch concentration, 10 fish

were used per container in experiment IV,



6.0 EXPERIMENT IV

6.1 INTRODUCTICON

By using conditioned water as a solvent of DDT test
gsolutions, and by maintaining the animals under test con-
ditions for 24 hours before ftesting, 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 fLrom
Lake lMonger, Lake Leschenaultia, and the Kllom Street

Victoria Park drainage channel.

It was expected thsat the selective prescure exerted
by low habitat levels of DDT would have resulted in the
Lake Monger population being able to tolerate higher test
concentrations of DDT then the unexposed Lake Leschenaultia

and Ellam Street populations.

6.2 MATERTALS and KMETHODS

Approximsetely 200 fish were collected from each of
the three study populations by means of a scoop nete The
fish were transported to the laboratory in "eskies", each

containing water from the appropriate habitat.
¥ Pt D
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The sample Trom Ellam Street, as well as contailning

Gambusia affinig affinis, contained another subspecies ol

mosguitofish, Ge. affinis holbrooki (Girard 1859). Bo th

these subspecies occur together in the drainage channel,
This. is the only locality in Vestern Australias to which
G. a. holbrooki is known to have been introduced, The
two subspecies are easy to distinguish; G. 2. holbrooki

are heavily spotted, whereas G. 8. affinis are not. They

also aiffer in body shape.

Forty-five half-gallon, clear-plastic ice-cream buckets
were arranged in a block (15 x 3) to be used as test cob~
tainers. One litre of conditioned water was poured into
each of the containers. The containers were randomly
assorted within the block, which was then divided into
three equal blocks (each 5 x 3). 150 fish from Lake lionger
were then randomly assorted into the first of these blocks,
10 fish per container. 150 fish were taken from each of the
other two samples and assorted randomly into the remaining
two blocks of containers.

Fish of less than 2 c¢cm or more than 3 cm were not used
in the experiment,. No attempt was made to separate the itwo
subspecies of wmosouitofish in the Ellam Street sample.

The 450 fish were ascclimatized to test conditions for

24 hours prior %o commencement of the experiment. Dead Tish



were then removed and replaced by spare fish which had

also been acclimatized.

The only fish of the Ellam Street -sample to die
were G. a. holbrooki individuals, all of which died. The
reasod for this is not known, These were replaced with

G. o, affinis individuals from the same sample.

. Unfortunately there were not enough spare fish to
Pep%ace all of those from the Lake Leschenaultia sample
which had died during acclimatization. Two of the three
0.16 ppm DDT Lake Leschenaultia replicates (B and C, see

below) therefore contained no fish.

One wl. of the appropriate stock DDT solution was
then added to each of the L5 containers so that each block
of 15 containers consisted of 3 replicates of each of
5 DDT cobncentrations, these being 0.00 (control), 0.02,
0.0L, 0,08, and 0.16 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 random numberse.

The resultant arrangement of fish, test concentra-

tions, and replicates is shown below



L L L
0.08 { 0,00} 0.1610,02] 0,08 | 0.16 | 0.08 | 0.0k} 0.46 {0.0L | 0.0 { 0.0k | 0.02 | 0.00 0. 0L
A A B A A B B A B C B B C C C
B L VP | VP | VP | LM | LM | VP | IL { IM | I¥ | I | VP | Ix | 11 | 1L
0.04 | 0.0L | 0,161 0.00| 0,02 | 0.02} 0,02 | 0.C0{ 0.16 | 0.0L | 0.46 | 0,001} 0:08 | 0.02 | 0.08
G A C ¢ B C B C A B C | A C B s
LL Ve VP M Ve M LL LL LL LL VP VP LL VP VP
0.16 1 0,16 ] 0.08 | 0,00 | 0,02 { 0,00} 0.02 | 016 | 0.00 {C. 0L | 0,00 {0.02| 0.08 10,08 | 0.08
A A B A A B A c B A B C B c &
KEY: L - Lake Monger Drainage Channel
‘ VP - Victoris Park Drsinage Channel
LL - Lake Leschenaultia
A, By c - refer to replicates

Figures refer to concentrations of DDT in pom.

iz



Containers LL 0.16 B and LL 0.16 C, although con-
taining no fish, were retained in the experiment. This
was because, at this stage in the experiment fthere was
insufficient time to make the necessary calculaticns for
the randomization of L3 conteiners, the calculations for

L5 containers having been made in advance.

The 41 ml aliquots were added at 1-minute intervals,
and mortality was subseguently recorded in each container
at 1-minute intervals, in the order in which the DDT had
been sdded. Thus the scoring of mortality reguired L5

minutes every 6 hours Tfor four days.

Water temperature in the test containers was held at
17 * 1°C for the duration of the experiment. Mortality
was scored each day for four days at 1604, 2204, OLoL, and
1004 hours. Artificial lighting wag used at these times

onlys at other times normal dsily light cycles preveiled,

ELxperimental results are shown below in condensed
form an® are grapvhically illustrated i1n Fipgures 1-6, Raw

data sre given in Tables 1-16.



26,

PERIOD OF BXPOSURE (HRS)

o . POPULATION |
DT CONCH, S ATDLT ol %6 ue | 72 95
0.00 L 0 0 0 0 3
LL 0 0 0 0 0
VP 0 10 0 13% 13
0,02 T 3 3 3 10 1%
1L 3 3 7 10 13
v 3 % 3 6 10
0. 0L M 6 oo | o6 29 %6
L 3 - 10 13 17 23
VP 7 7 7 23 30
0,08 M 113 80 &7 90 00
L 20 37 L7 53 63
VP 7 27 33 17 63
0.16 L 67 80 97 | 100 100
LI 20 1O 70 70 80
ve o 17 A7 73 90 97

Figures indicate percentepge mortality at given times

and concentratinns,
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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 preferred
procedure is to express dosage in logarithins, which
normalizes the distribution of mortality with respect
to dosage, and to express morﬁality in terms of standard
deviations from the mean. When increased by a factor
of 5, these standard deviations become probits. A plot
of log dosage versus probits gives a line which, for a
hbmogenedus group, is approximately straight over a

mortality range of 20% to 80% (Hoskins, 1960).

Log dosage-probit lines have been counstructed for
the exposure times most commonly found in the literature,
that is, 24, 36, 48, 72, and 96 hours (Figures L-6),  The_
most important features of these graphs are their slope,
which measures the variasnce in resvonse of the majority of
th¢ individuals, and the LC5O point, the concentration of
toxicant at which 50% of the test animals are killed for
specified periods of exvosure. The transformed data

are given in Tables 17-271. LOBO values are tabled beloW.
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PRRIOD OF BXPOSURE (HRS)

POPULATION SAMPLI 2l %6 L& 72 96

..... A B A

ppm DDT | ppm DDT{ppm DDT| ppm DDT (ppm DDT

LART MONGER | o0.10 | 0.06 | o0.05 | o.ob | 0,04
LAKE LESCHENAULTIA 0.0 | 0.25 | o0.10 | 0.08 | 0.07
ELLAM STREET, | 4.00 | om0 | o.12 | 0,08 | 0.07

VICTORIA PARK

Where necessary, observed mortalities have been

5
°

corrected for control mortslities in the followling manner

Pl - ¢

- S ——
1 - C

o

where P = the corrected mortality, P1 = the observed mortality,
and C = the control mortelity. This 1s commonly Khown asg

Abbott's Fformula.

Fote that, by accident, 29 Lake Leachehauitia and
%1 RBllam Street Tish were exposed to 0.02 ppm DDT and‘
%4 Lake Monger Tish were exposed to 0,04 ppm DDT. This
hags been taken inte account when calculaiting percentage

mortallities.
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DISCUSSION

As cean be seen from the results, the new stratagenm
of using conditioned water snd not tap water as the test
solution, and allowing a 24 hour acclimatization period
before commencing testing, reduced control mortality conh-
sidersbly. There was no control mortality at 24 hours
exposure, Control mortallty Aaid not exceed the acceptable
10% level until 66 hours, and then only in the Ellam Street.
sample. Control mortality was still well below the 10%
level for both the Lake.Monger and the Lake Leschenaultia

populations 96 hours after testing commenced,

In compariong the relative susceptibilities of the
three populations, I will firstly consider the populatinns

of Liake Honger and Lake Leschensultia.

It was expected that since the Lake Monger population
had been exposed to DDT for some time, 1t might be more
tolersnt to DDT then the Lake Leschenauvltia population.
However, the LCg, values for 2, 36, L8, 72, and 96 hours
exposure of the Lake Monger ponulation were in all cases
less than the corresponding valves of the Lake Leschenaultisa
population (see Resulis). This would indicate that the

Lake lMonger populatinn was in fact more susceptible to DDT.

The slope of the log dosege-probit lines fer the

Lake Monger populstion are steeper than those of the Lake
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Leschenaultia populatioun, in@icating that 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. Hoskins (1960) : "A clear decrease .in slope is a sure

sign that resistsnce has appesred."

An explanation for these unexpected results isg
offered. It is beliéved that the fish from Lake Monger
which Qere used in the experiment, unlike those from Lake
ieschenaultia, were carrying a sublethal burden of DDT,
Becsguse of this burden, the smount of additional toxicant
reguired to reach the lethal level was reduced, This
reduction resulted in an LC5O value lower than would bhe
cbtained for the sesme fish free from DDT contemination,
and lower than the LG5O value of the Lake Leschensultia
rish.

The level of exposure to DDT which produced sublethal
contamination in the Lake Monger Iish would have killed the
more susceptible members of that population, thus reducing
the variance of response of the population, and steepening

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

The results obtained from the unexposed hkllam Street
population are more difficult to interpret. At 72 anad

96 hours exposure the L050 values obtained from this



population are the same as those of the Lake Leschenaultia
population. This is to be expected, since both populations
have not been expnsed to DDT and therefore would presumsbly
have the same tolerance. At 24, 36, and 48 hours exposure,
however, the Bllam Street population has higher LCBO values,
indicating greater tolerance. Also, at 96, 72, and 48 hours
exposure the variance of response of the Ellam Street figh

is lese than that of the Lake Leschensultia fish, whereas at

%6 and 24 hours exposurc it is wmore (Figures 4-6).  No

explanation is offered for these ambiguities.

Whether or not the presence of sublethal levels of
DDT in the Lake Monger {ish is the resson for the apparently
greater susceptibility of this population, the possibility
of this factor affecting the resulis obtained in similar

studies is raised,

Te the auvthor's knowledge, no account has been taken

!

.

of this possibility in any previous studies involving
susceptibility cowmparisons. Obviously, if tolerant or
resistant populations of previous studies involving per~
sistent environmental contaminants have been carrying sub~
lethal levels of the toxicants under study, which is highly
likely, the true tolerance of these populations will have
been underestimeted to verying degrees, It would appear

mandatory thet in future studies in this field, test snimals
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be "flushed out" or conslderation at lesst be given to
the influence which undetermined gublethal levels may
axert on resultse.

N

In this study no conclusions can be drawn aboust
the {true susceptibility of the Liake Monger population
and ite relationship with that of the unexpesed Lake

Leschenaultia population.
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760 SUGGESTIONS IoR FUTURR WORK

The next step in this investigstion, the testing of
the hypothesized explanation for the greaten suqcept1b111ty
ol the Lake konger popu]aulon, wouid best be tested in the

following manner :

Large samples (400 or more fish) of the Lake Monger
and Lake Leschenaultia populations should be held in con-
ditioned water in suitable tenks, the holding water being
changed once per week, Fish should be sampled in these
tanks weekly, coumencing on the day of initial sampling of
the population, and these weekly samples should be analysed

for whole-~fish BDT concentrations. This would :

2)  show the level of DDT contamination of the
Lake Monger populsaiion, and the absence of

DDT in the Lake Leschenaultia populat10n° ahd

b) establish the half-life of DDT in $he Lake Honger
sample which 1s now free frowm further contamination.
(The half-life of DDT in the goldfish Carsssius
auratus hes been established as 27 days by Grzenda

(1970), using radicactively-labelled Do, This

More popular techhique isg unnecessary here. )

When wost of the body burden has been metabolised ana

eliminated by the Lake Mongeﬁ Fish (as judged by DDT estimation
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of weekly samples), the LO5OvS of the two population samples

should be re~determined for comparisone.

Samples were taken from esch population on three
occasions for this purpose; however all fish in each sample
died inexplicsbly after two to four weeks malntenance in
tanks in the Zoology Department animal yards. On one of
thege occasions frogs which were in adjacent tanks also died.
Test;ng of the hypothésis in the intended manner was thus

prevented.
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8.0 SUKIFARY AND CORCLUSIONS

The relative susceptibilities of a number of popula-

tions of mosquitofish (Gambusia affinis affinis) to DDT
*4 O

were tested. Some of these populations had been exnosed
to DDT for wmany years, others had no history of exposure

tO DDT °

" Barly attempts to comwpare susceptibilities were
hawmpered by high control mortality; experiments showed
this mortality to be due to some toxicant or toxicents
contained in tap water but not in conditioned water. In

later experiments, therefore, conditioned water was used.

It was anticipated that the exposed populations,

due to selective pressure imposed upon them by low habitat
levels of DDT, would be less susceptible to DDT than the
unexposed population. The opposite was found to be the
case; Tish sampled from a drainage channel at Lake Konger
(exposed to DDT) were more susceptible to DDT then unexposed
Tish from Lake Leschenaultia. It is hypothesized that the
fish frow Lake Monger drainage channel were carrying sub-
lethal amounts of DDT before exposure to test concentrations,
thus reducing the amount of DDT reguired to reach the lethsl

level, and increasing their spparent susceptibility.

Svggestions Tor future work include the "flushing out"
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of DDT from test animsls of exposed populations before
comparison of susceptibilities between exposed and unexposed

populations are made,

It is also suggested that other workers should take
into account the possibility of sublethsl levels of toxicants
affecting their resuits, before arriving at any conclusion
regsrding the relative susceptibilities of populaticns which

they may be studying.

Y
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11.0 APPENDICES

APPENDIX T

LD5O is an sbbreviation of "lethal dose for 50%
mortality" and ig the dose required to Ikill 50% of a
population sample; it is specific for a particulan

period of exposure, e.g. LBgg (24 hours) = 0.1 ppm.

* LC5O i1s the lethal concentration required to

kill 50% of @ population sample,

The LD5O measure of suvsceptibility is used in
feeding~trials where the actual amount of pesticide
consumed by the test animal is known. LCSO is used
Tfor szquatic and marine snimals, since only the concen-
tration to which they are exposed, and not the dosage

of toxicant which they receive, is known.

"Conditioned" water.

"Conditinned" water is scheme water whiiich has
passed through three open concrefe tanks (interconnected)
in the Zoology Department animal yards. The water which
was drawn from thege tanks and used in experiments had

been standing for at least one week.
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DT CONCENTRATTON  (ppom)
POPULATION )

SAMPLE. REPLICATE | 0.00 002 | o0-04 | 608 | o0-16
e A 0 0 0 0 0
MONGER & ¢ 0 0 0 0

< 0 0 0 0
TOTAL 0 0 0 0 0
N PEACENTAGE
: MORTALITY 0 0 0 0 | 0
LAKE A 0 1.9 0 2 ,//f:jﬁ
8 - 0 o 0 | V//i//
LESHENARLTEA
W c 0 0 0 0 0
ﬁf* _ TOTAL 0 0 0 I
' PERCENTAGE
NORTALLT :/ Y 0 .0 3 0
vIcro fll?l} A 0 o 0 0 0
; 8 0 ! 0 0 0
PARK =
c 0 0 0 0 0
a TOTAL o) ) 0 0 0
PERCENTALE
MORTALLTY 0 3 0 0 0

LABLE 1

¢ Mortelity of Gambusia affinis affinis

after 6 hours exposure to a rapnge of DDT concentrations.
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&5
[ -]

DPT CONCENTRATION (F{’V")
Wﬁ:ﬁg;ﬁ;“ gefLzcate | 00 | o0-02 ] ook | ©0:08) 0-16
i o 0 0 I 0
LAKE
. £CY 0 0 0 O 0
FIONGER
c . 0 0 0 0 !
TOT Al 0 0 0 I ]
: PEACE NTANE
S HORTALLTY 0 ] 0 3 3
- 0 0 0 0 /-',/
LAKE /
g . 0 0 0 | (e
LESCHENAULTIA
¢ o 0 0 0 0
TOT AL 0 ., 0 [
PERCENTAGE
N MORTALETY 0 0 0 S 0
o 0 0 0 0
YICTORTA
. It 0 I 0 0 0
I parx =
< 0 0 0 0 0
! ToTAL 0 J 0 0 0
PEALENTRGE
MORTALLTY J*_Mo 3._.“ 0 0 1 0
’ 4
TABLE 2 Mortality of Gembusia affinis affinis

TTAL 4 At e anss

afteru12 hours exposure to a range of DDT cooncentrations.
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DDT  CONCENTRATION OT”>
PorulaToN
SAMPLE Reprrcate 000 0-02 004 0.0¢ 0.1
L AKe . A 0 0 0 L b
FON G EA. 8 0 0 0 0 i
c 0 0 0 2 3
N PEALENTALE |,
: MoRTALTTY 0 0 0 113 83
Laxe A 0 0 0 0 //
{ LesGiENAULTLA & 0 0 0 | -
C 0 0 O 2 0
TOoT AL 0 _O 0 3 0
BLE E
%5oi$££::z 0 o 0 10 0
A 0 o 0 0 )
© VICTeRrA
. g 0- P 0 ! !
{7 PARK
| c 0 0 0 0 0
! ToTAL 0 | 0 ] ]
PERCENTAGE
MORTALITY 0 3 0 3 3

- EABLE 3 ¢

af'ter 18 hours exposure te a range of DDT concentrations,

Mortality of Gambusis affinis aflfinis
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DOT  CONCENTAATEON  (ppr)
0
’ gl;::ﬁg\\ REPLICATE 600 { 0-02 1 0-04 008§ o-16
| 0 | 2 7
LAKE A b
o 0 0 4] 7
MoNGER
< 0 0 0 S 4
ToTAL 0 f 4 1 20
. PRERLENTAGE
) MoRTALLTY 0 S I3 57m
\._' 0 2
LAKE A 5 I 7
g 0 0 0 i
LESCHENAMLYT A .
< 0 0 0 3 2
PERCENTALE
MORTALITY C 3 3 20 20
A 0 0 I J /
VICTorL A
g 0 P ! ¢ 3
PRRIK
C o 0 0 ! /
! TOTAL 0 | 2 2 s
Pr =N T AR
Potoary | 0 | 3 7 | 7]

Mortelity of Gembusiz affinis affinisg

e e i i e o

TABLE L «
after -2y hours exposure to & range of DDT concentrations.
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- TABLE 5 ¢

ke ereren e

- DOT  CONCENTRATION (fppm)
PoruLaTIon
SANMPLE REPLrcare | Do | 0.02 o041 0.08 | 016
LAKE A 0 ! 5 8 8
MONGER i 0 0 2 b g
c 0 0 ! b 7
- TOTAL 0 l .7 20 23
PERCENTAGE
3 MORTALLTY 0 3 2 67 g 7m
1 Lake A 0 / 4 2
4! 0 0 / 2
LESCHENAKLTT A .
¢ 0 0 0 g 3
TOTAL 0 | 3 g 3
PERLENTAGE
Ho&TALIT;' 0 3 10 30 30
. VJ:ATOQiA H [ 0 ! 2 L
(] 0 ! l O
. PARK
¢ ! 0 0 3 /
TOTAL 2 I 2 g i
PERCENTAGLTE
NORTRLTTY 7 3 17 23 |

Mortality of Gambusia affivis affinis

after 30 hours exposure to a range of DDT concentrations.
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DOT  CONCENTRATION (ppm)

PoruiLfTron
S HMPLE REPLLCATE 0-00 002 | 0-04 008 o1&
I AKE A 0 I d i
- 2 | ¢ 8
MONGER g 0 0
c 0 0 | 8 g
ToTAL 0 ¢ .7 2 &y
PERCENTAGE :
3 MORTALLTY 0 3 2 80 80
1
’ 0 0 t 2 //
LESCHENAULTLA
. ) 0 0 S
TOT AL 0 ’ 3 H 4
PEACEANTALEL
MONT pLTTY 0 3 1o 37 4o
- = 0 I 3
VIcienta A s
0 I ] 0 g
PARK 8
< I 0 0 3
’ ToTAL 3 l 2 § !
PERLENTAGE .
_nowraety |10 |9 L A L
TABLE 6 Mortelity of Gambusia affinis affinig

after‘jfé hours exposure to a range of DDT concentrations.
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POT  CONCENTRATION '(rfm)

TABLE 7

after 42 hours exposure to a range of DDT concentrationse.

POPULATION
S AMPLE, . REfLICATE 000 0-02 0.0k ¢-0F 016
q 4
L AKE A O ! 4
] o] 2 4 (O
MoNGER
C 0 0 2 8 g
TOTAL 0 ! g 26 27
P EALE NTALE
W HeRTALITY 0 3 g g7 10 .
0 | /
LAKE A Z =
el 0 0 I
LESCHENAULTIA /
c 0 l. i 6 S
TOTAL ) 2 1 (2. 5
PEACEN TR -
_ roemezry | O A O L
2 0 | '
- VLCTORTA A & 4
3 0 I { { 7
pae il
¢ I 0 0 i M
! TOTAL 3 | ) 19
PERCENTAGE
MOKTALITY F_LO 3 7 30 €5

Vortality of Gawbusis affinis affinis
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DOT  concenTRATION  (pp)
ngr::zrﬁoro REPLTCATE | g-00 0-02 | o004 | 008 | 016
| q q
L AKE A 0 b
' & 0 o A q 10
MONGER
c 0 0 Z 8 it
TOTAL 0 ! g 26 24
PERCEMTAE
. noxraizry | 0 3 b g7 37
o . o ; A . //
LAKE =
o 0 0 ! 3 /
FESCHEMNAULTE £
C 0 I J 7 7
ToTAL 0 2 i 1y 7
PERACENTAGE
HORTALTTY ¢ 7 13 L7 70|
o A 2 0 ! It 7
VICTORIA
J 0 I I 2 3
paARK
o } ] 0 ’f 7
TOT AL 3 J 2 10 b7
PERLENTAGE -
. HMORIALLTY 10 3 7 X 73
- EABLE 8 ¢ Mortallty of Gambusia affinis affinis

after 48 hours exposure to & range of DDT concentratinns.



DOT  CONCENTRATION (ppm)

POPALATLON

SAMPLE erLIcaTE 000 R 004 ¢-0¢ o-f6
LAKE 4 0 2 h a ]
- 0 o |
FONGER 8 < 1 10
¢ : 0 0 2 8 |0
[ S
TOTAL 0 - Z & 26 29
\ PERCEA)TALE
N . [HORTHLETY 0 7 L7 87 q7
LAKE
. : O 0 !
LESCHENARLTEA g > /
: ol 4] ! 2 7 7
TOTAL o | 2 5 1 7
PEQCENTALE
T HORTALLTY 0 7 17 47 70
y 2 ¢ 2 7
YICTORTA
~ 8 0 ! J 2 8
PaRK :
c. f o I i 8
H TOTAL 3 | n 10 23
PERCENTAG R
FLIRTALITY IQ 3 13 30 77
TABLE 9 Fortality of Gawbusis affinis affinig

oy v 09 g VI ‘ Pa -
af'ter. Bl hours exposure to a renge off DDT conceniratinns.
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C LABLE 10
after 60 hours exposure fo

DT CONCENTRATION  (ppw)
POPULATTOM
SAMPLE REPLICATE. 000 o021 0-0[,', 608 014
LLAKE A 0 3 u q 9
B
HoNGER 0 0 9 (0
= 0 0 2 g 10
TOTAL 0 3 g 24 249
\ PEACENTIAGE
FIeRTALLTY 0 10 7 87 97
LAKE 4 0 ? 2 b j:::i::
LESCHENAULTIA 8 0 0 f lf /
c 0 ] Z Vi
ToTAL 0 2 5 15 v
PERCENTHLE -
Flerracery o 7 17 50 iy
2 .
VECTORLA i 0 3 7 8
‘ I 6] ] )
pRRK 2 8
c ! 0 2 L g
H TOTAL 3 I b I3 24
PERCENTAGE
| roRrmerTy / > EO B3 80

B TP R i

a roange of DDT concentratinng,
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DOT  CONCENTRATION L,
p N
g%iiifo REPLLCATE 0-00 o612 | ooy | 008 06
LAKE A 0 3 9 10
g 0 0 9 10
MONGER :
c 0 0 2 4 10
TeTAL 0 3 g 26 20
PERCENTAGE ™
Y HIeRTALTTY 0 10 27 87 160
LAKE A 0 ] 2 b /
. 0 |
JESCHENAUKLTL S 8 % 5 ./
c 0 ! 2 7 7
TOTAL 0 2 g 16 4
PERCENTAGE .
PURTRLE TY 0 7 17 53 70
© VICTOREA A - 0 3 7 i
. Id 0 ! ! 3 g
T PARK
, < / 0 4 g
! TOTAL [} | s 25
PERCENTAGE
HIORTRLET Y o _j .3”““ 3 23 lf7 83
TABLE 11 Mortality of Gambusis affinis affinis

affer -66 houre exposure to a range of DDW concentrations,
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DOT  ConcenTRATLON @OM)

POPURATLON
samee RefiicAre o000 | 002 | oc-oul o008 | 016
| AKE A 0 3 b 9 10
B . 0 0 2 G 10
MONGER :
c 0 0 > 9 10
ToTAl 0 3 a 27 30
S A oamtiars 0 o | M 9 00
LAKE A o A - b //
g 0 ! 5 /
LESCHENAKLITA
c 0 ] 2 7 7
ToTAL O 3 16 7
PERCCNTAGE
JIRTALITY O___M_ *LO 17 53 70
VECTORLA A 3 / 3 7 9
. B 0 ! I 3 {0
T PpRK
< 1 o 3 4 8
a TOTAL L 2 7 I 27
PERCENTAL E
FI0RT ALETY 15 6 23 b7 q0

TABLE 12

after-72 hours exposure to a range of DDT concentraltions.

tMortality of Gembusis affinis affinis
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o7 concenTRATION  (ppes)
FoPULATEON
SAMPLE REPLICATE 0:00 002 00k .08 076
LAKE A 0 3 . 4 10
0 A 10
FONGER, B < q
¢ ) f 3 g 10
TOTAL 0 3 q 27 20
QERCEN TAGE
. PIORTALLTY 0 10 21 0 - {P_?-m
| ke A O 2 2 5 %
B 0 0 | '
LESCHENAULTIA <
c 0 2 3 7 8
TOTAL 0 4 6 17 8
PEACENTAGE
FIGRTALETY 0 iim”_w 57 80
2 3 | 3 7 10
C VICTORLA
. g o J J 3 10
T OPARK
c ’ 0 3 4 g
TOTAL 4y 2 7 4 28
PERCENTALY B -
el B - IR0 . I E O
TABLE 1% ¢ Korkallity of Gambusla affinis affinis

after -78 hours exposure %o a range of DDT concentretionss
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DOT  concentaarion  (ppm)
POPULATION
SAampPLe REPLECATE. 0-00 0.0 004 0.08 16
10
LAKE - A 0 3 t ]
g A 9 10
MONGER
c 0 ! 3 q 10
TOTAL 0 A g 27 30
PERCENTALE T
. MERTRLETY O 13 _ 29 490 100
,-\_l' i - //
8 O 0 ! g /
LESCHENAULTIA
c 0 2 3 7 g
TorAL 0 4 b 17 g
PERCENTAGE
10T TALETY 0 Iy 20 57 80
A 3 ! 3 8 10
" Vrerolra ’
‘ g8 0 } { 3 1o
PARK )
c J 0 3 Y 4
TOTAL 4 2 7 15 29 }
PERCENTAGE
FMORTALITY W_H_E’__ i - %3 &0 a7
TABLE 4l Mortality of Gambugis effinis affinis

al'fer-8l hours exposure to a range of DDT concent rations,



POT  CONCENTAR ATLON Q?M)
POPULATION
SAMPLE reeczcare | .00 | o002 | o-oy} 008 | 0-16
LAKE A 0 3 b 9 10
%, 0 0 2 G 10
MONGER -
C ! ! 3 g 10
ToTAL ! ly 9 27 20
FEALENTAGE
S MaATA LLTY 3 3 29 |- a0 100
LAKE A 0 A 2 b e
g o | o | 2| ¢
LESCHENAULTIA
| ‘ c 0 2 3 7 g
N T
TOT AL 0 n v, 18 9
PERCLENTRGE
- M oATALLTY O M 23 &0 40
_ A 3 i 3 8 10
VICTORT A
& B 0 ! I g [0
T PARK >
c i 0 -3 g 9
ToTAL 4 2 7 I8 24
?GR(ENT'HCYE
FerTactTy ]3 ié lsw 60 q 7
CPABLE 15 Mortality of Gambusis affinis affinig

after 90 heurs exposure to a range of DDT concentratinnse



pPoT coNCENTerIo-'Q (ppm)
popwLATI ON
SAMPLE REPLICATE | 000 003 60y | 0-0F 0746
| AKE 4 0 3 5 9 o
& O 0 0 3 q {0
MONGER ..
C l | 3 q 10
ToTAL J o ¥ 27 30
8 el s | 3| 36| g0 | 10
N 3 b L
LAKE A © ///,///
_ @ O 0 2 b
LESCHEN AULTLA
c 0 kS 3 7 8
TOTHL o) b4 7 14 g
PERCENTAGE
MORTALLTY o) 13| 23 b3 g0
A 3 1 N 8 K¢
“VILCTORT A
& Z J b 10
“PARK ;
. c J 0 L 5 9
TOTAL 3 9 19 24
PRACEN TAGE
L FNRTALLTY [3 i ?"A___SO 63 47
TABLE 16 ¢ Movﬁality of Gombusia affinis affinis

after-96 hours exposure %o a range of DDT concentrationse.
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LARE MONGER

vov coven | o' | ERies | “penice | hwfomns )] SRS
002 ppwm 30 ! 33 0-30! 316
004 ppm 31 2 65 0602 3486
O-08 ppm 30 13 £33 0 -G03 483l
016 ppm 30 20 667 - 200 5432
010 gpm LCgg = 0710 gm DVT [9% 2000
LAKE LESCHENAULTIA
0-02 gom 29 o 3.4 0-301 3175
0-0 ppm 30 1 2.3 0-402 3162
008 pn 30 b 20 0-903 4158
O-16 pp~ 10 2 2.0 [- 204 4158
040 pom 1’050 = 0-40 e DT |- 60 5000
VICTORIA PARK
0-02 ppm 31 J 32 0-301 3148
O-0l g 30 2 67 0601 3578
0-08 fom 30 2 b7 0-903 3§78
O-16 pm 30 s 167 |- 204 L 034
100 oo 200 5000

TABLIN 17 ¢ Determination of EBmpirical Probits and LCEOtS
for Zihours exposure to DDT, VVhere necessary, percentage
kills have been adjusted (using Abbot's formula) tn account
for control mortality.
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LAKE MONGER

DDT CONCH | o'ty | wrvics | actmeas [, (onenxig)] ELrEATCAC
002 pp 30 ! 33 030§ 3162
00k ppm 31 7 25 8 0602 4 350
008 ppm 30 L 20 0 - 903 8§41
016 ppu 30 2 20 | - 200 5§ 842
005 g LOgy = 006 e OOT 058 5009

LAKE LESCHENAULTTA

0-02 n 29 ] ! 3L 0-301 317y
OFOﬁhﬂm 30 3‘ 10 0602 =718
008 30 i 133 0903 5 858
0-16 ppr 10 4 40 (- 20k b 247
il LCgy = 025 ppm D07 40 5000

| | !

VICTORTA PARK ‘

002 pp 3| ! O 0 %01

0-0Lgpw 30 2, 0601

0-08 frm 30 g g6 0-503 4107

G-16 pn 30 I 237 204 b 467

O 4O pm 1- 460 5000

LC5O:” ¢-40 e DpT

CTABLE 18 ¢

N Kt DAL i

for 36 hours exposure to DDT.
kills have been adjusted (using Abbot!

5

for control mortality.

Determination of Bmpirlcal Probits and LO501G-
Vihere necessary, perceuntage

formula) o account




POT conch | or'pren | wnsieo | ienees | log (meeed] SETE
002 ppm 30 ! 3% 0-30] 3162
OC-0f ppm 31 g 258 0-602 L350

© 008 ppm 30 26 867 0 903 612
O 1b ppm 30 29 967 [ 20k 6938
L 205 = 005 pn o LS

LAKE LESCHENAULTIA o
0-02 gpm| 29 : 2 69 0301 3517
OfOE“ﬁm 30 4' 133 0-602 3§88

008 gn 30 I 3 Lé-7 .o-ﬂos - 817
016 pp 10 7 70-0 [ 20( 5.5y |
010 ppm 'Lc5o ~ 0140 g 0T _' |- 00 §:000

VIGTORTA PARK

002 ppm 3| f 0 0301
00l g 20 2 o 0602
008 g 30 10 25 9 0-903 B8y
0-16 p~ 30 22 703 |20} 5533
012 pprm : ‘ {08 5 - 000

- TABLE 19
for L¥ hours exposure to DDT.

Determination of Bupirical Probits and LC5O.S

¥ihere necessary, percentage
" kills have been adjusted (using Abbot's formmula) %o account

for control mortality.
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LAKE MONGER

NUMBER NUMgenR PEACENTAGE EHpraTcal
| DOT CoNew | 5. oo KILLED KILLED log, (concnx!oo) PRogT T
0-02 P A0 3 ¢ 0-301 3-7E
0‘08 fiddal 30 7 ‘iO 0 ‘?03 6 X8
O 16 pm | 30 30 100 204 & - 79
O - Ol tpom : s — 0 62, 5000
LAKE LESCHENAULTIA
002 ppw 29 ' 2 10 0:30] 278
O?OQT”M 30 1Y 16-7 0-6to2 403
0-08 pn 30 16 533 0903 5. 083
016 ppm 10 7 70 [- 204 5524
0-08 - 092 000
P = 0. m DD .
LG5O 008 ff /
VICTORTA PARK
002 ppu 3] 2 0 0 301
0-0L gm 30 7 L] 0607 - 3 800
008 ppm 30 T4 384 0-903 Ly - 708
0-16 pm 30 27 gg. 5 [-204 6 200
0-038 o 0- 92 K000
-TABLE 20 ¢ Determination of Empirical Probits and Lééo‘s»

for 72 hours exposure to Do,

Vhere necessary, percentage
kills heve been adjusted (us

ing Abbot's formula) to account
for contrel mortality. '



LAKE NORGER

The

CPABLE 24 e

LCSO = 0-07 o oot

oot coned | or'tygn | rvves | e |l (] RIS
0-02 ppm 30 It 103 0-301 3738
O 0% ypm 3 [ 333 0-602 Ly - 568
008 pom 30 27 §9-7 0 - G03 6 625
016 ppm 30 30 Yoo, !+ 204 g 719
O'O& = LCgg = OOk g DUF 0.2 590
- LAKE LESCHENAULTIA
' 002 pom 29 b 13- 8 0301 3.9
OFO&hrﬂﬂ 30 ? 233 0-602 Yy 27
008 30 19 633 0-903 5340 -
C-16 g 10 g §0-0 [ 20l 5 .842
007 gy ELC5O = 0:07 g poT 0 %3 $: 000
' VICTORIA PARK |
002 ppm 31 3 o 0-%01
00k _g= 30 q 9.3 0602 L 133
0-08 fom 30 ] 577 ¢-903 519y
G-16 pgn 30 24 96+, |-201 b 762
0:07 gpm G-83 5000

Determination of Empirical Probits and LdﬁOeq
for 96 hours cxposure to DDT,.

for control mortality.

Where necessary,
kills have been adjusted (using Abbot's

percentage
formula) to accouvnt






