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SUMMARY

The black Portugese millipede, Ommatoiufus morel-etii Lucas

appears in plague numbers in autumn and, to a lesser extent, spring

in several areas of South Australia including the I'tount Lofty Ranges

near Adelaide.

The millipedes invade domestic dwellings, fouling food' water

and bedding, an unpleasant nuisance by their presence a1one.

The use of chemical insecticides forms an integral part of most

rnillipede control strategies, but the range of insecticides recommended

for such use is very limited.

Millipedes are most Iikely to encounter dried insecticide residues

on surfaces such as the walls and paths around domestic dwellings and

businesses, or on soil or leaf litter.

A biological assay technique was developed in which nillipedes were

exposed to non-porous and chemically inert Whatman GF/A glass filter

papers treated with known amounts of insecticide, in closed disposable

petri dishes.

R
Septene" Liquid (5OO g/L carbaryl) was chosen as the reference treat-

ment as carbaryl is recommended as a barrier treatment at the rate of

1.2 grams/square metre (Birks L979r.

Statist.ically significant differences in response (between males and

fenales) for both knockdown and moribundity were attributed to the

difference in weights between the sexes, males weighing only about half

that of females of similar sÈadial age.
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The KT5O and MTUO f.or O. moreLetii exposed to I,375.4 mg

)
carbarylr/m- (approximating the recommended rate of lr20O mg carbaryl/^21

are:

KT

MT

50
L1126 ! 2g.35 rnínute" gru*"-I,

L,L27 ! n.27 minute" 9ru*"-1.
05

To compare the efficacy of septeneR t iquid with that of other

formulated insecticides against O. moreletii a biotogical assay experi-

ment was conducted in which knockdown and moribundity of the millipedes

exposed to a number of cost related concentrations of eleven insecticidal

formulations vtere recorded.

The most effective knockdown and moribundity agents against

O. morel-etii compared on the basis of concentration of active constituent

were the synthetic pyrethroid formulatíons t ví2., DecisR 25EC' GrenadeR 2OOEC,

ni¡rcordR 2o0nc and BaythroidR H.

When the cost of treatment formed the basis of comparison of

effectiveness against O. moreletii the cheaper carbamate insecticides

X-IB Carbaryl¡ BaygonR 80WP, BaygonR 200 and FicamR bI were the most

effective formulations for knockdown and moribundity.

The organophosphate insecticides LorsbanR 50EC and LorsbanR 25wP

were cost effective moribundity agents against O. moteLetii, but performed

poorly as knockdown agents.



(vi )

ì

I

I

i

¡

I

1

I

I
'i

i

I

STATE¡JTENT

thiS thesis contains no material which has been accepted for the

award of any other degree or diploma in any university and, to the

best of my knowledge and belief, this thesis contains no material

previously published or written by any other personr except when

due reference is made in the text of the thesis.



(vii)

ACKNOWLEDGEMENTS

I am indebted to my supervisors Dr. D.E. Maelzer and Dr. P.G. Allen

for their guidance and support during all stages of the development and

perpetration of this work.

I also thank the Entomology Division, Department of Agriculture,

Northfield, for the use of their laboratory facilities and the staff

thereof, particutarly Mr. K. Henry, for his willing assistance'

especially in the procurement of equipment.

I also wish to thank the Chemical Companies for the donation of

the formulated insecticides used in the experiments.

f wish also to thank Mr. P.I. McCloud for advice and assistance

with statistical analyses and Mr. D. Lee of the South Australian

Museum for identification of the mite llist iostoma feroniarium.

The Department of Agriculture granted me study leave to undertake

this projecL, for which I am deeply grateful. I valued also the

continued encouragement of the staff of the Agricultural and Veterinary

Chemicals Section, Dr. J.A. CoIIard' Mr. S.E. Porter, Miss S.D. Wessely'

I'lr. H. DeKort and Mrs. L.J. Grigg, who also typed the manuscript'

Most importantly to my wife Karin and more recently my daughter

Alyssa, ny deepest gratitude for your support, sacrÍfice and patience.



V/irtl[ ;¡lS ¡ tTU IF
I-ITRAR Y

i

t

I

-r-

I. INTRODUCTION

The term "biological assay" has been defined broadly as

"the measurement of the potency of any stimulus, physical,

chemical or biological, physiological or psychological, by

means of the reactions which it produces in living matter"

(Finney 1952).

Pest species may be subjected to biol.ogical assays in order

to determine the potency of a control agent, or the susceptibitity

of a pest species (Busvine 1971a).

Measurements of susceptibility are primarily concerned with

the detection and measurement of resistant strains of pest species.

Measurements of potencies are used in both basic and applied

research concerning the development of new control agents, or the

selection of the most effective amongst existing available ones'

Whenacontrolagentrê.g.,aPesticide,mustbeselected

for use against a particular pest, the most important consider-

ation is the ultimate efficacy of the control agent in the field.

comparatively precise measurements of toxicity, such as the

topical application or injection of measured doses to individuals,

will provide less information than experiments which include

various factors which may affect the potency of the pesticide

in the field. These factors include the use of complete formul-

ations of toxicants rather than active ingredients in solvent

only, and, in the case of residual contact toxicants, the use of

surfaces such as wood, concrete or plant foliage'
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Data from field trials provide the best criteria for the

evaluation of a control agent. These trials may be comparatively

slow and expensiver and may not always províde conclusive results

because of the difficulties in providing adequate replication'

Laboratory tests therefore provide a suitable means of

eliminating all but the two or three most promising candidate

control agents.

The black Portugese nillipede t Ommatoiul-us moreletii' occurs

in plague numbers in autumn and spring in several areas of south

Australia, thereby constituting a revolting nuisance (Baker I978a) '

Thisprojectisdesignedtostudytheeffectsofawide

range of commercially available formulated insecticides against

the black PorÈugese millipede ¡ O. moreletìi, under laboratory

conditions.
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2. BIOLOGY AND ECOLOGY OF O. MORELETTT

To develop a meaningful laboratory method for determining

the susceptibÍIity of. O. moreLetii to insecticides, consideration

must be given to the general biology and ecology of the millipede.

The biology and ecology of O. moreletii

has been extensively studied by Baker (L976t

L979a, 1979b).

in South Australia

I978a, I978bt L978c,

2.L DISTRTBUTION AÀ¡D ABT'NDÀNCE

O. moreletii, a native of Spain and Portugal' becane

established in South Australia prior to 1953 on lower Eyre

Peninsula¡ and prior to 1964 in the Mount Lofty Ranges near

Adetaide. o. mozeletii has subsequently appeared in other

areas of South Australia, Victoria and Western Australia.

The distribution and dispersal of o. moreTetii in South

Australia has been reported by Baker (I978a).

Although comparatively rare in South-western Europe,

O. morel-etii exists in large numbers in Australia. Baker

(L978a) considered that o. morel-etii in Australia represenÈed

a permanent eruption of an introduced species.

Outbreaks spread at a rate of up to 200 metres in radius

per year. The activities of man appear to be a major factor

Ín the establishment of new outbreaks.
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2.2 LIFE CYCLE

The life cycle ot o. moreTetii in South Australia

has been reported by Baker (1976, 1978b) and sum¡narised

in Figure 2.I.

After mating in autumn to early winter, females dig a

hole a few centimetres deep in the soil, in which they lay

approximately 200 eggs. The eggs hatch to give legless,

immobile pupoids, each enclosed within a membrane.

The pupoids subsequently moult to six'legged larvae'

which are considered the first stadium of development'

A series of moults foltows, in which the body size and the

number of diplo-segnents increase. The seventh, eighth or

ninth stadium ís reached in the first year, while the tenth

or eleventh stadium is reached after tvJo years. Usuallyr

individuals older than about one year moult only in spring

and summer, so after three years the twelfth and thirteenth

stadia are reached.

Individuals in the tenth, eleventh and subsequent stadia

are usually dark purple to black, and those in younger stadia

are mostly light brown.

Sexua1 maturation of females generally occurs by the

tenth or eleventh stadium, while sexual maturation of males

occurs from the eíghth to the twetfth stadia, but predominantly

by the tenth or eleventh stadium.
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FIGURE 2.I

The Life Cvcle ot O. eÈ-ll fn 6outh Auetralla
(after Hurley and Birks 1985)
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In o. more].etii, as Ín some other Iuliform millipedes,

the first mature stadium continues to moult. Therefore'

the adult population may be composed of individuals of a

number of different stadia.

Adult males are periodomorphic, alternating between a

sexually functional form and an intercalary non-functional

form with regressed sexual appendages. Males are sexually

functional from late summer to spring, and intercalary Íor

the remainder of the Year.

sixteen stadia or. o. noreTetii have been identified.

2.3 ACTIVITY

The activity patterns of o. norel-etii in south Australia

have been reported by Baker (1976 t L979a, 1979b) '

o. moreTetii spends the summer inactive in underground

burrows and cool moist sites on the soil surface. The

mitlipedes are active in autumn and, to a lesser extent, in

spr ing.

The autumn peak corresponds with the start of the

breeding season and is also related to increases in rainfall'

The spring peak is related to increases in temperature.

Adults are much more active than juveniles, and the

activity of these adult millipedes bring bhe species into

conflict with man.
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Activemillipedes,,enmasse.',especiallyaround

domestic dwellings, have been described as a "revolting

nuisance" (Baker I978a) '

The millipedes invade domestic dwellings, fouling

food, water and bedding. Dead and dying millipedes may

discolourfloorcoveringsandgiverisetoobjectionable

odours. Home garden crops such as tomatoest potatoes'

strawberries and melons may also be damaged'

ürû
d

I

t
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3. CONTROL OF O. MORELETIT

control measures employed against o. morel-etii include

garden hygÍene, the use of physical barriers and chemical

insecticides (Hurley and Birks 1985).

successful control usually involves the adoption Of these

methods Ín supportive combination, e.g- ' garden hygiene plus

physical barriers where possible, plus application of chemical

insecticides where and when necessary.

Biotogical control, using a parasite or predator' may

provide a long-term control solution (Baker L9791.

3.1 CHEMICAI, CONTROL

Chenical insecÈicides are useful in reducing the

nuisance posed by hordes of active millipedes by providing

a chemical barrier to exclude them from domestic dwellings

and other buildings where their presence is considered

objectionable.

chemicals may also be used to control millipedes where

they shelter and breed. In many cases, this approach is

impractical as breeding areas are often in comparatively

inaccessible and ecologically sensitive areas such as small

creeks and water courses¡ and their immediate environs.

The extensive use of chemical insecticides in these areas

would be unwise.

*
i{
i1i

I

t
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In the period Ist July, 1984 to 30th June, 1985,

the Departmenb of Agriculture registered a number of

insectÍcides under the Agricultural Chemicals Act, 1955-1978

for ¡nillipede control. The registered products and their

directions for use are given in Table 3.I.

The range of registered products for millipede control

is limited.

The carbaryl based products are the only ones that are

effective outdoors as protective insecticidal barriers. The

mixture of propoxur and dichlorvos, BaygonR, is effective for

this purpose indoors only. BaysolR containing methiocarb, and

the carbaryl products are effective in reducing millipede numbers

Ín compost heapsr leaf litter and the like. Maxwell's Millipede

Spray containing pyrethrins is useful only where the spray makes

direct contact with the millipedes because pyrethrins degrade

quickly on exposure to oxygen and light (Hartley and West 1969a).

3.2 O4THER CONTROL !{EASURES

Garden hygiene measures such as reducing the amount of

leaf litter and mulch in which millipedes live and feed' wiII

reduce millipede numbers in the immediate vicinity.

Physical barriers may be used to deny crawling millipedes

access to homes and other buitdings. Such barriers include

vertical glass panels and galvanised iron channel traps

(Hurley and Birks 1985).

t
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TABLE 3.I

the r icultu ral Chemicals Act 55-r9
Control in South Austral 1afor Millipede

Spray directlY onto milliPedes'

Sprinkle thinlY in ar
approximatelY I00 PeI

eas where mill
lets Per squar

ipedes occur,
e metre.

Thoroughly sPray surfaces inside the home'

millipedes enter to naintain an insecticide
where
barrier.

Dust lightly wherever millipedes are not iced.

2m.
a

rier.
Spray 500 mIs in 5 I
Spray infestations,
height of 1 metre to

0

to
4

bar

t
Is
e

I
vI

ove
vta

rtea
and

rotect

l'¡

P

f
ths
a

os
pa

etr

form

I
and

Spray 5 grans of powder in 4 litres of water'

Spray 50 grans in 5 litres of water over 30

Spray "oui." 
of infestation and paths and w

aiouna buildings to a height of I metre to

2m.
aIIs
form

tive barrier.a protec

Directions for Use

Maxwell's MilliPede SPraY
AJM Industries

Baysol Snail & Slug Killer
Bayer Australia Ltd.

Baygon Household Insect-
icide Surface SPraY
Bayer Australia Ltd.

Carbaryl Garden Dust
Hortico (Aust.) PtY. Ltd

CRG Liquid CarbarYl
Chemical RecoverY Co.

CRG Codling Moth SPraY
Chemical RecoverY Co.

Product and ComPanY

X-I8 CarbarYl Insecticide
Agchem PtY. Ltd.

(0.2 s/L)
piperonYl butoxide
(0.8 g/I)

NSpyrethr

methiocarb
Qo g/kel

proPoxur
(20 g/kgl
dichlorvos
(3.s g/kg)

rylcar
(s0 g/kg)

carbaryl
( f 00 grzl)

carbarYl
(800 e/ks¡

Active Ingredient

carbarYl
(800 grzkg)
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4. LABORATORY METHODS FOR TESTING INSECTICIDES AGAINST MILLIPEDES

Various laboratory methods have been used to evaluate the

effects of Ínsecticides against millipedes.

A number of these methods are reviewed herein, with special

reference to the general principles of biological assay, including

specific details of the experimental techniques employed, and the

conditions such as the temperature and relative humidity in which

the experiments were conducted.

The suitability of each method for the evaluation of the

efficacy of insecticides for controlling O. motefetii is also

discussed.

4.1 DIPPING

Dipping methods involve the complete immersion of the

millipedes in solutions or susPensions of insecticides for

standard times.

The results of such invesÈigations are often expressed as

the relation between the concentration of insecticide in the

dip and the toxic response, usually percentage mortality for

a given inmersion Period.

The rate of entry and the total amounb of insecticide

entering the millipedes are reflected in the toxic response.

Penetration of the insecticide takes place both during immersion
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of the millipedes in the insecticidal dip, and subsequently

from residual ftuid remaining on the nillipedes after

removal from the dip.

DiPPing has been used to determine the contact. effect

of seventeen insecticidal formulations on three species of

millipedes, ví2., Spinotarsus fiedl-eri, Potatophil-us pretorianus

and P. robustus (Fiedler 1965). Different cohorts of millipedes

were dipped in solutions of the insecticides ranging in concen-

trations from 0.05-0.2t active constituent for 30 seconds.

Subsequently a fan was used to dry the millipedes. They

were then placed in glass petri dishes containing a thin

layer of clean, dry river sand and observed for up to eight

days during which time the number of mortalities were recorded.

Fresh pieces of potato r^rere supplied as food, the temperature

was kept at 25o C. and the relative humidity valied between

60 and 658.

4.2 BAITS

Baiting methods involve the mixing of insecticides at

known concenErations into a suitable substrate.

Millipedes are offered known weights of the bait and

alloryed to feed on it" After a set time, the millipedes are

removed to clean holding containers and observed for mortality.

The remaining bait is weighed to determine the dose consumed.
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Fiedler (1965) used baits consisting of coarse maize

meal mixed with 0.28 active constituent for seventeen

formutations of different insecticides against three species

of millipede, viz., 5. fieitleri' P. preto¡ianus and

p. robustus. llortalities were recorded after one, two and

three days exPosure to the baits.

4.3 TREATED SOIL

The method of using treated soil involves the addition

of insecticide to known volumes of soil, and then exposing

the test animaLs to the soil. These methods do not adequately

differentiate between dermal and oral toxicity.

The effectiveness of nine different insecticides applied

as soil drenches were tested against the rnillipede Ox. gtaciTis

by Edwards and Gunn (196I). Flower pots were half filled with

soil and a known volume of insecticide solution was watered

onto the soil in each Pot.

llillipedes were exposed to the treated soil for a given

period and percent mortalities v¡ere recorded.

Biernaux et af. (1973, L9741 evaluated the effectiveness

of a number of insecticides against millipedes using a similar

t'pot method".

A fine spray of insecticide of known volume or a known

weight of granules was evenly applied to a known volume of

soil in a shallow dish. The insecticide was incorporated
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into the soil which was then placed in flower pots' An

equal number of millipedes was introduced to each pot four

days later, and after four days exposure they were removed

and kept in a high humidity insecticide-free environment.

Each millipede was examined regularly for signs of poisoning

for a period of up to thirty days. Four classifications of

poisoning were used:

(1) normali

(21 slightly intoxicated: animals able to move' but in

an abnormal or hesitant waY;

(3) severely intoxicated: animals unable to move from

place to place, but retaining some ability to movei

and

(4) dead: animals unable to move or respond to any stimuli,

provocation or excitement.

4.4 TREATED SURFACES

The method of using treated surfaces involves the applic-

ation of known amounts of insecticide to a particular surface,

e.g., glass or filter paper on which the millipedes are exposed.

The ¡nillipedes become contaminated with a dose of insect-

icide while crawling over the treated surface. The dose may be

expressed on the basis of duration of exposure or concentration

of insecticide.
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Busvine (197fb) however, vtarns that:

"rt can be quite misleading to speak of the residue

on a substrate as a 'dose'. The relations between

the insecticide deposit and the amount conbaminating

the insect can be guite complex, so that one cannot

assume the dose to be a simple function of the rate

of deposit. "

Rust and Reierson (L977) used treated filter papers to

determine the effectiveness of Lhirteen formulations of

different insecticides against two millipede species

ox. graciTis and BoLlmaniuJus sp.

Field collected millipedes vtere stored in the laboratory

in covered plastic boxes containing soil, Ieaves and bark, with

damp folded paper towels for additional moisture and slices

of potato for food.

Whatman No. I filter papers treated with either 0-I-0.3 cc

powdered insecticide or 0.5 mls liquid insecticide were placed

in 9 cm diameter petri dishes in which three to five millipedes

per dish were confined.

Intoxication was evidenced by paralysis, usually a yellowish

secretion and loss of the strong spiral reflex. The criteria

used to determine knockdown vrere paralysis and the inability of

the millipede to right itself within three minutes.
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During the experiments, millipedes were held at 24o C'

and 30-50t relative humidity or at l5o c. and 69-771 relative

humid ity.

4.4. I Filter Paper Selection

frlhatman cellulose filter paPers have been used

extensively as surfaces on which to expose insects

in general, and millipedes in particular to insecticides.

Georghiou and Gidden (1965) reported a loss of

activity of propoxur (a carbamate insecticide) residues

due to sorption by the fibres of the what¡nan cellulose

filter papers used. These losses were minimised by

the use of glass fibre filter PaPers, ê.9., Whatman

GF/A| s.

In addition, Barlow and Hadaway (1968) reported

that the contact toxicities of insecticide residues on

materials composed of cellulose, including cellulose

filter paPers, were often dependent on the relative

humidity prevailing before and during testing'

Non-porous surfaces, such as glass filter papers, do

not respond in this manner to humidity changes'

Therefore significant advantages are inherent in

the use of such filter Papers' as a medium for testing

the efficacy of insecticides using a treated surface'

especially where humidity may vary.
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4.5 EVALUATION AND SUITABILTTY OF LABORÀTORY METHODS

In order to select the most appropriate laboratory

method for the evaluatÍon of insecticides against

O. moreTetii, consideration of the circumstances in which

nillipedes will encounter insecticides under field conditions

in South Àustralia is necessary.

The current uses of insecticides for millipede control

(Section 3.1) indicate that millipedes are likely to:

(i) encounter an insecticidal barrieri

(ii) contact or consume insecticidatly t-reated soil,

leaf litter, compost and the like;

(iii) encounter insecticidal baits;

(iv) be sprayed directly with ínsectícide.

Dipping millipedes in insecticidal solutions or suspensions

in the laboratory may be considered as an exaggerated equivalent

of direct contact by spray droplets with millipedes in the field.

This direct contact is considered to be a comparatively rare

event compared with contact between dry spray residue on soil or

other surfaces, such as paths, walls' compost and leaf litter,

and the millipedes.

Dipping methods were therefore not considered further.

Baiting methods were not considered, Primarily because of

the lack of co¡runerciatly available products other than BaysoIR
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R(actÍve constituent, methiocarb). Baysol is already

being used against millipedes in South Australia with

some guccess.

In addition, the formulation of technical insecticides

in a suitable carrier, if attempted, would have required the

testing of bait suitability and stability. Time was not

available to undertake this type of work.

Exposure of millipedes to insecticidally treated soil

or surfaces, such as filter papers, provide the most useful

laboratory method of testing the resPonses of millipedes to

insecticides because this method mimics closely the most

important way in which millipedes acquire doses of insecticide

in the field mentioned earlier.

The use of filter paPers in petri dishes exhibit the

following practical advantages over the use of soil in pots.

Filter papers are comparatÍvely easy to handle and to

treat with insecticides. Being manufactured, they provide a

consistent surface of known characteristics. Glass filter

papers are also physically and chemically inert with respect

to the insecticides applied to them.

Although soil is a realistic surface on which to expose

millipedes to insecticides, it is more difficult to use and

is neither physically nor chemically inert.
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Although the effects of different surfaces on the

efficacy of insecticídes apptied to them must be taken

into account in the finat development of insecticides for

use against nillipedes, insecticides should first be screened

on surfaces ythich do not mask their efficacy as a consequence

of the partÍcular physical or chemical characteristics of

the surface.

The laboratory method used in this thesis will therefore

be based on the exPosure of millipedes to insectícidally

treated glass filter papers held in petri dishes.
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5. GENERÃL METHODS

5.1 FIELD COLLECTION OF O. MORELETÏI

O. moreLetji were collected from three sites in the

Adelaide Hills over a period of four months from April, 1984.

AII three collection sites consisted of the banks and

adjacent surrounds of small water courses, abundant in

moist leaf litter.

The three sites were:

(1) The Sturt River and environs (Plate 5'1)'

2.6 km southwest of Stirling adjacent to Sturt

valley Road.

(21 An unnamed small creek and environs (Plate 5'2].'

0.6kmwestofstirlingadjacenttoBraemarTerrace.

(3) An unnamed small creek and environs (P1ate 5'3)'

I.I km along Gandyrs Gully Road, Stonyfell'

Leaf litter and associated decaying debris were searched

and any miltipedes located were collected using forceps and were

placed directly into clear plastic bins measuring 26 cn long

x 1g cm wide x 6 cm deep containing approximately 1000 cubic

centimetres of moist Johnson's orchid Potting Mix (Appendix I).

Betweenl00and200millipedeswereplacedineachbin.
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PLATE 5.I

o. ¡{oRE¿E?.rr COLLECTTON SrTE (Il

The Sturt River and Environs
2 .6 km southwest of Stirli nct ad iacent to Sturt Vallev Road
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PLATE 5.2

O. MORELETTT COLLECTION SITE (2)

An Unnamed Small Creek and Environs
0.6 km west of Stirlinq adiacent to Braemar Terrace
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PLATE 5.3

O. MORELETTI COLLECTION SITE (3)

An Unnamed SnaII Creek and Environs
I.1 km alonq Gandvrs Gullv Road, Stonvfell
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5.2 LABORATORY CULTURE OF O. MORELETTT

The bins containing the collected millipedes were

kept in a laboratory where the temperature varied from

oEo 23 c

High relative humidities were retained in the storage

bíns containing the millipedes by using a double layer of

damp tissue over the Johnsonrs orchid Potting Mix. Limited

ventilation vras afforded through mesh inserts in the storage

bin lids.

The temperatures and humidities used in the laboratory

culture of the millipedes corresPond to favourable temperatures

and humidities for o. moteletii (Baker 1980) '

The millipedes were fed regularly with fresh potato

slivers so they were not starved (Baker L976, Fiedler L965 '

and Rust and Reierson 1977). (Plates 5'4 and 5'5)'

An acclÍmatisation period of at least 48 hours after

collection vras provided before any of the rnillipedes were used

in experiments.

In several storage bins, a number of millipedes became

infested with the mite l/ist iostoma fetoniatium or infected

by an unidentified nematode, or both (Appendix II) '

2oo c.
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PLATE 5.4

O. I4ORELE?TT IN THE STORÀGE BINS

The millipedes were hel-d in clear plastic bins containing moist

Johnson's orchid Potting Mix. High relative humidities were

retained in these bins by using a double layer of damp tissue
overthepottingmix.themillipedeswerefedregularlywith
potato slivers so they were not starved. Between 100 and 200

millipedes vJere placed in each bin'
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PLATE 5.5

O. I,IORELE?TT FEEDING

The miltipedes were fed regularly with potato slivers so they were
not starved.
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5.3 EXPERII{ENTAL I4ETHODS

5.3.1 Pre-ExPosure Conditions and Handling O. moreTetii

The miltipedes selected for use in experiments

were estimated, on the basis of size and colour, to

be in stadium ten or eleven, the most numerous active

stadia in autumn (Baker 1976). They were placed in

"ho1ding" disposable petri dishesr 9 cm in diameter

each containing a !ùhatman No' 1 filter paper, for 12

Eo 24 hours during the day prior to exPosure to

insecticides.

Millipedes kept in holding dishes without filter

papers fouled themselves with their own liguid and solid

excrement. The use of filter paPers prevented this.

Five millipedes of the same sex were placed in

each petri dish.

The sexes were separated using differences in

the appearance of the seventh diplo-segment. In the

female, the legs of this diplo-segment remain ambul-

atory throughout life, while those of the male develop

into gonopods. This differentiation is most commonly

observed in the sixth stadium (Baker I978b).

The holding dishes, in groups of twenty, were

kept in covered clear plastic, mesh-based bins over

r

¡
,d
.,:
','|
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a tray of water, to maintain a high relative humid-

ity and to prevent dessication of the millipedes.

Food was not given to the millipedes during

the period from selection to exposure to the

insecticides.

s.3.2 Preparation of Insecticidally Treated Filter Paper

The solutions of insecticide required were made

up using distilled water as a diluent. OnIy freshly

prepared solutions were used.

Single lrihatman GF/A glass f ilter papers, 9 cm

in diameter, were placed in disposable 9 cm diameter

petri dishes.

A 1.75 mI aliqout of the desired dilution of

insecticide was applied to each filter paper as a

series of evenly distributed drops from a 2 mI grad-

uated pipette. 1.75 mls is the water absorption

volume of a 9 cm diameter GF/A filter paper (Whatman

r980).

The concentrations of insecticides on the glass

filter papers were calculated in the following way:

ê.9. r for SepteneR t,iquid (500 g/L carbaryl) a lrl100

dilution provides a concentration of 5.00 mg

carbarylr/ml. A I.75 ml aliqout of this solution

!

1
ilf
,ri\
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contains 8.75 mg carbaryl. This aliqout is

applied to a 9 cm diameter glass filter paper

with an area of 6.36L7 x 10-3 m2. The resultant

concentration of carbaryl on the glass filter
2paper is 11375.4 mg a.c./n .

Each treated f ilter paper r^tas prepared 12 to

24 hours immediately before use, to allow time for

drying.

5.3.3 Exposure of O. morefetii to InsecticidallY Treated
Filter Papers

At the beginning of each experiment, the

millipedes in each "holding" dish were transferred

to the appropriate 9 cm disposable petri dish con-

taining insecticide.

The Èype and concentration of the insecticides,

and the duration of exposure varied, depending on the

exper i¡nent.

During exposure in the closed petri dishest the

millipedes were kept in conditions identical to those

used to hold them in preparation for testing, i'e',

groups of twenty petri dishes were kept in closed,

clear plastic bins with mesh bases over $tater.

laillipedes used as controls were likewise trans-

ferred to petri dishes containing untreated glass

r

'i
,l,f

'ii
I
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filter papers moistened with 1.75 mls water only,

and kept under similar conditions to those millipedes

exposed to insecticides.

The nature and degree of intoxication of the

millipedes in each dish was recorded at various

intervals, using criteria developed and discussed in

Experiments I and If.

The allocation of millipedes to treatments, the

order in which treatments were exposed to insecticides

and the location of treatments in the plastic bins,

were random.

5.3.4 Post-ExPosure Conditions and Handlinq of. O. noreletii

When the exposure time had elapsed, each millipede

was transferred back into its respective holding dish'

and kept in conditions identical to those used both

during preparation for exposure and during the exposure

to insecticides.

Food in the form of potato slivers was introduced

24 hours after the beginning of each experiment'

The stadia of the millipedes were determined using

the ocular field method (Vachon 1947, Saundray 1952) .

I

I

:l
$
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j
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For o. moreLetii from the second stadium

onwards, counting the number of rows of ocelli

from bottom left to top right of the ocular field

and adding one gave the stadÍun of the individual

(Baker L9761. The developnent in the ocular field

of O. noreTetii is shown diagrammatically in

Figure 5.1.

I

I

i

I

I

'1
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FIGURE 5.I

Development of ocelti in the ocular field of. O. morefetii (o = ocelli added

at moult to the present staQium, o = ocelli added at earlier moults).
Six or seven rows of ocelli were added before their growth was obstructed
by the antennae. The dorso:anterior ocelli were usually missing in the
older stadia. From the second stadium onwards, counting the number of

rows of ocelli from botto¡n left to top right of the ocular field and

adding one gave the stadium of the individual (after Baker f976).
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5.3.5 StatisticaJ- Analyses

The crude data comprising the resul-ts of

biological assays and quantal response tests in

general are -

(i) the number of millipedes usedi

(ii) the number of millipedes affected,

e.g. ' knocked down or moribund;

(iii) the dose or dosage.

The proportion of millipedes affected and the

dosage were transformed to probits and log dosage

respectively, and critical dosage levelsr e.9., KD50

(knockdown dose 50 percent) calculated using the GLf!{

(GLIIvl 3.Il (c) L977, Roya1 Statistical Society London)

program, MACRO PROB, developed by Mr. P.I. McCIoud

(Appendix III).

Probit regression lines were calculated using MACRO

PROB and values with standard errors for the intercept'

slope and 50 percent response pointr €.9. r KDUO were

calculated. The standard errors for the 50 percent

response points were approximate only as derivation

from log values of 50 percent response point and

standard error does not produce a confidence band with

the 50 percent response point centraJ-Iy located.

The percentage of total- variation associated with

the linear relationship between log dose and the probit

transformation of proportion affected, €.9.r knockdown

or moribundity was calculated using the method of

least squares.
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GLIM was also used to compare pairs of data

sets, e.9.r knockdown or moribundity of male and

female millipedes.

These comparisons vlere made in two ways. The

slopes and intercepts of the respective probit regress-

ion lines were compared in which case the nutJ- hypothesis,

Ho was:

(i) that the two intercepts of the probit regress-

ion lines being compared were equal;

(ii) that the two slopes of the probit regression

Iines being compared were egual.

Secondly only the intercepts of the probit regression

Iines vrere compared, with the additional constraining

requirement of paralle1 slopes for the regression lines

incorporated in the analyses. For this case, the nuII

hypothesis, Ho was that the two intercepts of the probit

regression Iines being compared were equal.

The t-tesÈ vtas used to test the abovementioned

hypotheses.

For valid comparisons of toxicity of two insect-

icides, the probit regression lines should be parallel,

otherwise the relative potency will vary with the

mortality level chosen. If the regression lines cross'

one insecticide witl be more toxic above the inter-

section, and less toxic below it.
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Before comParisons of toxicity between insect-

icides were made, the equality of the slopes of the

respective probit regression lines was tested.

The null hypothesis Ho, was that the slopes of

all probit regression Iines being compared were equal'

The F-test was used to test this hypothesis.

For groups of data for which the probit regression

lines were not significantly different another GLIM

program MACRO LDCOM developed by Mr. P.I. McCIoud

(Appendix IV) was used to calculate values with

standard errors for the intercept, common slope

and 50 percent response pointr e.9.' KD5O for each

data set compared.

The leve1 of significance for all the statistical

tests detailed in this sub-section was p = 0.05.
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6. EXPERII{ENT I

re r Observations of Intoxication and Moribundit
of O- moreLetiì from Exposure to I nsecticides from Three
Different Chemical GrouPs

6.I INTRODUCTION

In experiments with residual deposits of contact

insecticides on glass filter papers two variables, rate of

deposit and duration of exposure contribute to the actual

dose which affects the millipedes.

Bendiocarb is effective as a barrier treatment against

the millipede roJ,lmaniuTus sp. (Rust and Reierson 1977) '

rn their preliminary laboratory experiments the KTro (knock-

down time 50 percent) for nymphaL BoLLmaniulus sp- exposed

to bendiocarb at a concentration of 393 mg a.c./m2 was 1'0

hours aL 24o C. and sg 1 S percent relative humidity.

The selection of an exposure time of one hour for this

experiment was based on the above information.

Three insecticides, from different chemical grouPs were

selected for testing, viz., SepteneR tiquid containing carbaryl,

a carbamate insectici<iei Lorsbar,* 5OUa, containing chlorpyrifos,

an organophosphate; and DecisR 25Fjc, containing dertamethrin,

a synthetic pyrethroid.

Carbaryl applied as a barrier treatment at the rate of

I.2 grams a.c.¡m2 is effective against o. noteLetii in South

Australia (Birks 1979).
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The rates of carbaryl deposits for this experiment

were selected so the rate of 1.2 grams a-c-¡^2 was within

the range of rates used.

The rates of chlorpyrifos deposits selected were the

same as those rates selected for carbaryl.

The intrinsic insecticidal potency of synthetic pyrethroid

insecticides is usually significantly higher than the most

effective organophosphates and carbamates against most econ-

omically important insect orders (Ruscoe 19771. Therefore

the rates of deltamethrin selected for this experiment were

1,/10Qth of those rates selected for carbaryl and chlorpyrifos.

A variety of criteria have been used to assess knockdown

and moribundity in millipedes (Biernaux et aL. 1973, J-974¡

Rust and Reierson L977; Lue and de la cruz 1978) (Section 4)'

but none have been developed specifically for o- morefetii.

This preliminary experiment was designed to:

(i) discover the rate of deposit and duration of exposure

of. o. moreTetii to carbaryl under laboratory conditions,

which reflect the known efficacy of carbaryl in the

field;

observe if the symptoms of intoxication of o. morel-etii

exposed to insecticides from different chemical groups

differ;

observe if males and females differ in response to the

different insecticides ;

(ii)

(iii)
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determine criteria for

of O. noreLetii' e.9.,

the assessment of intoxication

knockdown and moribunditY.

6.2 MATERIALS AND METHODS

In general, the materials and methods used in this experi-

ment were similar to those materials and methods detailed in

Section 5, except that food was withdrawn only one hour before

the millipedes were exposed to the treated filter papers and

was reintroduced thirty-two hours after exposure'

The three insecticidal formulations used were:

(I) SepteneR Liquid (500 g/L carbaryl)

(21 LorsbanR sOEc (500 g/L chlorpyrifos)

(3) DecisR 25Ec (25 g/L deltamethrin)

Fifteen chemical treatments vi¡ere used. These treatments

were obtained by serially diluting each of the three insect-

icidal formulations with distilled water, producing five

different concentrations of each insecticide (Table 6.I).

Each treatment was tested separately with male and female

millipedes estimated on the basis of size and colour to be in

stadium ten or eleven, and replicated once for each sex' Five

mittipedes vtere used in each replicate.

Two male and female replicates were also used as controls

giving a total of 85 male ancl 85 temale millipedes ust:d in

this experiment.

The duration of exposure of each millipede to the insect-

icidally treabed filter paper vras one hour.
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TABLE 6.1

DilutÍon Factors and Concentratíone of t.he
Three Insectfcides used in Experiment I

137. 54
27.5L
5. s0
r.10
0.22

L/so
r/2s0
L/L2sO
L/62s0
L/3L2s0

pecisR 25nc
25 9/L deltamethrin

13,754.00
2,750.80

550. 16
110.03
22.0L

L/LO
L/so
L/250
L/L250
L/62sO

r,orsbanR soEc
500 g/L chlorpyrifos

13 ,754 . 00
2,750.80

550. 16
1r0.03
22.0L

vLo
L/so
L/2sO
L/L2s0
L/62s0

Septene R LiquÍd
5OO g/L carbaryl

Conc. of Insecticide
ng a.c.¡m2

DilutÍon
FactorInsecticide
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As no decision had yet been made on discriminating

the various symptoms and stages of intoxication, each

millipede was classified arbitrarily into one of three

broad groups, depending on its behaviour:

(1)

(2',)

(3)

unaffected - exhibiting normal behaviour i

affected - exhibiting abnormal behaviour;

moribund - exhibiting no movement.

Mitlipedes move about by pushing with their legs.

The power to push is achieved by the use of gaits in which

the back strokes of the legs are of much longer duration

than the forward stroke. These leg movements are co-ordinated

in a wave-tike manner. As they walk about millipedes also

tap the surface over which they move with the tips of their

antennae testing its nature with sensory hairs and chemo-

receptive sensillae (Cloudsley-Thompson 1958) .

Exploratory activities, with legs and antennae function-

ing in a co-ordinated fashion as described above were observed

in o. morefetii. Other normal activities of O. morefetii ltere'

being tightly coiled in a testing or defensive spiral and

standing, which was often accompanied by preening. Stimulation

of O. moreletii with a sharp probe induced intense bursts of

writhing and wriggling, followed by escape or adoption of the

coil-ed spiral position.
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Moribund O. moreLetji were those which failed to

respond to stimulation with a sharp probe.

The condition of each millipede whether unaffected'

affected or moribund, was recorded at initial exposure to

the treated filter papers, and after one, two, four, eight,

24 and 48 hours respectively.

During this experiment, the temperature ranged from

20 to 22o c.

6.3 RESULTS

The observations of intoxication of O. moteLetii by the

various insecticides are detailed in Appendix V and are

summarised as follows.

Carbaryl

OnIy one millipede became affected frorn

exposure to carbaryl.

This mitlipede l¡¡as one of those males

exposed to carbaryt at the highest concentration

of 13¡754 mg ^.c.¡^2 
and was affected after one

hour, remaining so for at least eight hours.

Recovery had taken place by the time that the

24 hour observation was made.
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Neither the male miJ-lipedes exposed to the

lower concentrations of carbaryl, i.e., 21750-80,

550.16, 110.03 and 22.0L mg a.c./^2, nor the female

mitlipedes exposed to any of the concentrations of

carbaryl used exhibited any signs of intoxication

at any time.

The abnormal behaviour, i.e., symptoms of

intoxication exhibited by the male rnillipede

affected by carbaryl at the highest concentration

of 13 t754 mg ^.".¡^2 
were, in order of observation:

(i)

(ii)

(iii)

( iv)

unco-ordinated jerky movements of the antennae;

paralysis of the antennaei

unco-ordinated jerky body and leg movementsi

mild spasmodic writhing, coiling and uncoiling.

Chlorpyr ifos

MaIe and female millipedes became affected as a

result of exposure to a number of the concentrations

of chlorpyrifos. Males appeared to become affected

more quickly than females.

MaIe millipedes first became affected after two

hours when two of the males exposed to chlorpyrifos

at the highest concentration of L3,754 mg a. 
"-/^2

and three of the males exposed at the lowest concen-

tration of 22.01 mg a.c.¡m2 were affected.
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Subsequently males also became affected after

four hours at 550.16 mg u.".¡^2 and after
)

eight hours at 110.03 mg a.c./m'.

Two of the female millipedes exposed to

chlorpyrifos at the highest concentration of

L31754 mg a.c.¡m2 *"r"r after four hours, the

first females affected. Subseguently females

also became affected after eight hours at

550.16 mg a.c.¡n2 and after 24 hours at

2,750.80 mg u.c.¡n2. The females exposed at

the lowest concentrations of II0.03 and

t
22.0L mg a.c./m- faiLed to exhibit any signs

of intoxication at any time.

The observations that some of the males

exposed at these lowest concentrations of chlor-

pyrifos of I10.03 and 22.0L m9 a.c.7m2 became

affected, while the females so exposed did not,

and that males became affected more quickly than

females, suggest that males may be rnore susceptible

to chlorpyrifos than females.

The conditions of the millipedes after

48 hours are tabulated in Table 6.2.

This data shows that most male millipedes were

affected or became moribund at alI concentrations of

chlorpyrifos, their reaction to chlorpyrifos appar-

ently independenb of the concentration of insecticide.
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TABLE 6.2

The Effects on I*ÍiII i oedes of One Hour Exoosr ¡rê to \7: r i orrs
Concentrations of Chlorpvrifos (Lorsban 50EC)

al 24 Hours after InÍtiation of Exposure

The number entered is the number of millipedes per treatment

(out of five) which are:

A = affected

M = moribund

lÀr4¡{

0

4M

0

5M

IA,IM

lAr3M

IM

414

4M

MaIes

Females

22.0L110.03550. 162,750.8013 r 754.00Sex

Concentration of Chlorpyrifos
mg/m2
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However, the reaction of female millipedes

to chlorpyrifos appears to be directly related to

the concentration of insecticide.

Most femate nillipedes were affected at the

highest concentration of chlorpyrifos of
)

L31754 a.c./m- and at the two lowest concen-

trations of chlorpyrifos, i.e., II0.03 and

t
22.0I mg a.c./m' no female millipedes h¡ere

affected.

The abnormal behaviour, i.e., symptoms of

intoxication exhibited by the male and female

millipedes affected by chlorpyrifos \¡rere' in

order of observation:

(i) unco-ordinated jerky movements of the antennae;

(ii) paralysis of the antennaei

(iii) unco-ordinated jerky body and leg movementsi

(iv) mild spasmodic writhing, coiling and uncoiling;

(v) intense spasmodic writhing, coiling and uncoil-

ing, often accompanied by a yellow secretion

(millipedes now unable to move from one place

to another);

(vi) near total paralysis, i.e., Iimited response

in legs and body to stimulation with a sharp

probe;

(vii) no movement in response to stimulation with a

sharp probe.
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The first four signs of intoxication of the

millipedes affected by chlorpyrifos were similar

to the signs of intoxication of the single millipede

affected by carbaryl.

Deltamethr in

Male and female miJ-lipedes became affected from

exposure to several concentrations of deltamethrin.

The male and female millipedes exposed to delta-

methrin at the highest concentration of 137-54 mg u.c.¡m2

were all affected after one hour, and after 48 hours all

were stiII affected, one male being moribund.

Male millipedes, howeverr ÍìâY be more susceptible

to deltamethrin than females, because three of the male

millipedes exposed to deltamethrin aE 27.51 mg ^.c.¡^2
were affected after two hours while none of the female

millipedes exposed at this concentration of deltamethrin

exhibited any signs of intoxication at any time.

Two of the affected male millipedes exposed to

deltamethrin at 27.5L mg a.c.¡^2 ,u"overed after four

hours while the third recovered after 24 hours.

None of the male or female millipedes exposed to

the lower concentrations of deltamethrin, i.e., 5.5,

1.I and 0.22 mg u.c.¡mz were affected at any time'
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The abnormal behaviour exhibited by the male

and female millipedes affected by deltamethrin was

similar to that shown by the millipedes affected by

carbaryl and chlorpyrifos, except that the millipedes

affected by deltamethrin first became highly agitated,

moving about constantly, and then exhibited symptoms

of intoxication similar to those shown by millipedes

affected by carbaryl and chlorpyrifos.

Comparisons of efficacy between carbaryl¡ chlorpyrifos

and deltamethrin were not an aim of this experiment because

the criteria for comparison of ef ficacy l¡tere under develop-

ment. However, using the arbitrary classification, non-

affected, affected and moribund, deltamethrin appears the

most effective insecticide, followed by chlorpyrifos, with

carbaryl the least effective insecticide.

Neither abnormal behaviour nor mortality were observed

in the control treatments, i.e., exposure to glass filter

papers not treated with insecticide.

The stadial ages of each millipede as determined by

the ocular field method are detailed in Appendix VI. The

mean stadial age of the millipedes was 9.9 ! o.llq.
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6.4 DISCUSSION

In experiments studying the effects of insecticide on

millipedes a proportion of test mitlipedes often die from

natural or other causes which cannot be attributed to the

insecticide. An estimate of this mortality may be obtained

from the mortality of the millipedes in "control" replicates,

where they are treated identically to the test millipedes but

are not exposed to the insecticide.

Appreciable mortality of control millipedes wilI affect

the precision of the results and the following corrected

percenE mortality, PX, may be estimated with Abbottrs formula

(Abbott L9251 z

Po Pc x I00
100 - Pc

where Po = observed percent mortality, and

Pc = control percent mortality.

Abbottrs formula is widely used to analyse data from

numerous standardised tests for determining the level of

insecticide resistance in populations of insects. For these

tests correction for control nortality is not justified when

the controt replicate mortality is less than 5 percent; if

it exceeds 20 percent, the test should be repeated and efforts

made to reduce or eliminate the causes of such mortality

(FAO 1969).

Px

f
I

t

r'l
Irt
,.1



-,+
rùï
,r;

tl
,t

-49-

The mortality of millipedes in the control treatment

for this experiment was zero, which suggests that both the

environmental conditions under which the nillipedes were

kept and the collection and handling procedures adopted

were adequate.

The millipedes exposed to the insecticide treated

filter papers exhibited various degrees of intoxication,

ranging from minorr temporary effects to total paralysis

and death. GeneraIIy numerous categories are used to

describe different degrees of intoxication, but the less

categories used, the easier the interpretation and statist-

ical analyses of the results (Busvine 197Id).

Lue and de la Cruz (1978) used the two categories,

knockdown and death, to record the intoxication of the

millipede Ox. graciTis when exposed to the insecticide

mirex. Biernaux et al. (1973, 19741 used three categories,

ví2., slightly intoxicated, severely intoxicated and dead,

to record the effects of a range of insecticides against

millipedes in soil. Rust and Reierson (1977) used only the

one category, knockdown, to record the effects of a range of

insecticides on two millipede species.

To determine the most appropriate criteria for assessing

the effects of insecticides on o. moreletii, decisions need

to be made on the criticat symptoms of intoxication on which

control of the pest is based.I

I
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!'lhere insecticides are used as chemical barriers to

exclude millipedes from domestic dwellings and other

buildings, the critical stages of intoxication are, the

loss of co-ordination thereby preventing movement from

one area to another, i.e., knockdown, and the loss of the

ability to recover from intoxication, i.e., moribundity.

For a chemical barrier to be effective fast knockdown

is required, to prevent millipedes moving through the barrier.

High moribundity is also necessary to prevent millipedes

recovering, especiatty when removed from contact with the

insecticide, e.g., intoxicated millipedes are often swept

from domestic paths treated with insecticide.

In situations where millipedes are like1y to rernain in

contact with insecticidal material for longer times than on

a chemical barrier, such as in compost heaps and leaf litter,

fast knockdown is of less importance than high moribundity-

The above argument suggests that the following two

criteria for assessing the intoxication of. o. morel-etii

exposed to insecticide treated filter papers require further

investigation.

(f) knockdown - sufficient intoxication to prevent

movement from one area to another;

(21 moribundity - sufficient intoxication to prevent

recover!¡.
I

l

I
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Based on the foregoing criteria for assessing the

intoxication of O. moreLetii exposed to insecticide, the

criterion for assessment of recovery may be the regaining

of the ability to move from one area to another.

6.5 CONCLUSIONS

The one hour exposure time used in this experiment

was insufficient to cause any intoxication or. o. moreTetii

exposed to carbaryl at concentrations up to twice the rate

of carbaryl used effectively in the field, i.e., 1200 mg u.c.¡m2

Male O. moreLetii appear to be more susceptible to delta-

methrin and chlorpyrifos than females.

The O. norefetii which became affected by chlorpyrifos

and dertamethrin exhibited similar symptoms of intoxication'

except that those O. moreLetii affected by deltamethrin

became highly active before the onset of symptoms of intox-

ication common to both insecticides. These conmon slrmptoms

were in order of occurrence:

(i)

(ii)

( iii)

(iv)

(v)

unco-ordinated jerky movements of the antennae;

paralysis of the antennaei

unco-ordinated jerky body and leg movements;

mild spasmodic writhing, coiling and uncoiling;

intense spasmodic writhing, coiling and uncoiling,

often accompanied by a yeIlow secretion (milì-ipedes

now unable to move from one place to another);

I
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(vi)

(vii)

near total paralysis, i.e., timited response in

legs and body to sti¡nulation with a sharp probe;

no movement in response to stímulation with a

sharp probe.

The first four common symptoms of intoxication were also

exhibíted by the one male O. moreletij affected by carbaryl.

Sufficient intoxication to prevent movement from one

area to another, i.e., common slmptom (v), requíres further

investigation as the criterion for assessment of knockdown

of. O. morefetii ex¡rosed to insecticides.

Sufficient intoxication to prevent resPonse to the

prodding of a sharp probe, i.e., cornmon symptom (vii),

reguires further investigation as the criterion for assess-

ment of noribundity of o. moreTetii exposed to insecticides.
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7. EXPERIMENT II

Knockdown and t"loribunditv of. O. moreLetii Exposed for Eight
Hours to Three Insecticides from Di fferent Chemical Groups

7.L INTRODUCTION

The results of Experiment I indicate that the exposure

time of one hour is insufficient to cause any intoxication

of. O. moreLetii exposed to carbaryl' even at the rate of
a

2,750.8 mg a.c./mo, which is more than twice the rate of
)

L.2OO mg a.c./m' of carbaryl which is known to be effective

in the fietd.

This short exposure time also did not allow conclusions

to be drawn on the complete range of symptoms of intoxication

of o. morefetii affected by carbaryl, and on the influence of

the sex of O. norefetii on the efficacy of carbaryl.

This experiment was designed to:

(i) discover the rate of deposit and duration of exposure

of o. moreLetii to carbaryl under laboratory conditions'

which reflect the known efficacy of carbaryl in the

f ield;

(ii) verify the applicability to carbaryl of the criteria

for the assessment of knockdown and moribundity

proposed in ExPeriment I;

(iii) observe any differences in response between males and

females to the different insecticides;
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(iv) compare the response of o. morel-etii to insecticides

from three different chemical groups.

7.2 MATERIALS A¡¡D METHODS

In general, the materials and methods used in this

experiment were similar to those materials and methods

detailed in Section 5, except that food was withdrawn only

one hour before the millipedes were exposed to the treated

filter papers, and was re-introduced after eight hours.

The three insecticide formulations vJere:

(1) SepteneR Liquid (5OO g/L carbaryl)

(21 LorsbanR 50Ec (5oo g/L chlorpyrifos)

(3) pecisR 25nc Q5 g/L deltamethrin)

Four chemical treatments were used. These treatments were

obtained by serially diluting SepteneR Liquid with distilled

water producing two different concentrations of carbaryl, and

by diluting Lorsbarr" 5o"c and Decis* zsua once each with

distilled water, producing single concentrations of chlor-

pyrifos and deltamethrin respectively. The dilution factors

and concentrations of insecticide for each treatment are

detailecl in Table 7.1.

Each treatment was tested separateJ.y with male and female

millipedes estimated on the basis of size and colour to be in

st.adium ten or eleven and replicated three times for each sex.

Five mitlipedes were used in each replicate.



-55-

TÀBLE 7.I

Dflution Factors and Concentrations of the
Three Insectlcides used in Experiment II

27.5rL/2s0oecisB 2sec

2s slL
delta¡rethrin

D

r10.03L/L2sOLorsban

500 slL

R
5oEC

chlorpyrifos

L

13 r 754.00

1,375. 40

L/LO

L/LOo

sepÈeneR r.iquid

s0o slL
carbaryl

sl-

s2

Conc. of Insecticide
ng a.c.¡m2

DiIuÈion
FactorFormulatlonTreatment
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Two male and female replicates were also used as controls

giving a total of seventy male and seventy female millipedes

used in this experiment.

The duration of exposure of each millipede to the insect-

icidatly treated filter paper was eight hours.

The condition of each millipede whether unaffected, knocked

down, moribund, or recovered vras recorded at initial exposure

to the treated filter paper, and at thirty minute intervals

for six hours and after seven, eight, 24 and 48 hours

respectively.

The criteria for assessing the intoxication of o. moteletii

exposed to insecticides Ì¡rere:

(i) knockdown - intense spasmodic writhing, coiling and

uncoiling, often accompanied by a yellow secretion

(millipedes nov¡ unable to move from one place to

another);

(ii) moribundity - no movement in response to stimulation

with a sharP Probe;

(iii) recovery - millipedes again able to move from one place

to another.

During this experiment, the temperature ranged from 20

to 22o c.

Probit analyses were performed separately on the male and

female knockdown data for each treatment using the GLIM program,

MÀCRO PROB, developed by ltr. P.I. McCloud-
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7.3 RESULTS

The signs of intoxication conmon to male and female

miltipedes affected by carbaryl, chlorpyrifos and delta-

methrin were, in order of observation:

(i) unco-ordinated jerky movements of the antennaei

(ii) paralysis of the antennae;

(iii) unco-ordinated jerky body and Ieg movements;

(iv) mild spasmodic writhing, coiling and uncoiling;

(v) intense spasmodic writhing, coiling and uncoiling,

often accompanied by a yellow secretion (millipedes

now unable to move from one place to another);

(vi) near total paralysis, i.e., limited response in

Iegs and body to stinulation with a sharp probe;

(vii) no movement in response to stimulation with a

sharp Probe.

In addition to these signs of intoxication, male and female

millipedes affected by deltamethrin first became highly agitated,

moving about constantly, and then exhibited symptoms of intoxic-

ation similar to those detailed above.

The similarity of sl¡mptoms of intoxication of millipedes

affected by carbaryl with those symptoms of intoxication of

millipedes affected by chlorpyrifos or deltamethrin verifies
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the applicability to carbaryl of the criteria for the

assessment of knockdown and moribundity and recovery

proposed in Experiment I.

The temporal observations of the knockdown of

O. moreTetii for the four treatment=, SI,52, L and D

are given in Appendix VII.

The observations after 24 and 48 hours of the knock-

down, moribundity and recovery of O. noreLetii for these

treatments are given in Appendix VIII.

The results of the probit analyses performed separately

on the male and female knockdown data for each treatment

are given in Table 7.2 along with the moribundity of the

male and female millipedes 48 hours after exposure to the

insecticidal treatments.

The effect of exposure time on the knockdown response

of the millipedes for each insecticidal treatment is

displayed, with respective probit regression lines included,

in Figure 7.1.
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TABLE 7.2

Results of the Probit Analyses of the Knockdown Data for MaIe and Female O. moreletii Exposgd for
Eight Hours to Four Insecticide Treatments, ví2., Treatment 51 (L31754.0 mg carbaTyL/m¿1,

Treatment S2 (L1375.4 mg carbaryL/m2¡, Treatment L (1I0.ôa *g chlorpyritos/m2¡
and Treatment D (2'?.5I mg deltamethrin/mz) and the l,loribundity after

48 Hours of Male and Female Millipedes so Exposed

Percent
Mor ibundity
at 48 Hours

100.0

s3 .3

100. 0

93 .3

r00.0

86.7

13 .3

6.67

Percent of
Var iance
Accounted for

78.7

77.9

79.8

98. 9

99. 5

86.7

94.2

83.7

Intercept of
Probit Line

- 3.404 ! t.øzs

-r0.36 1 z.gso

- 1.144 j r.rz¿
+

-r0.9r 0. 8528

-28.94 I
I

r. 117

-33.02 7.222

- 6.509
+

L.677

- s.9sl ! z.eat

Slope of
Probit Line

3.sss ! o.taat

6.398 ! t.ZSn

2.ss4 t o.szsg

7.3s4 1 o.sg¿e

L4.24 1 0 .4654
'+

15.53 - 2 .976

6.46L
+

0.9132

s.917 I r.¿eo

Log KT
50

2.180 1 o. OSZ6

2.400 1 o.orz¿

2.r3r 1 o.oszz

2. rss ! o.ozzt

2.383 +
0. 0120

2.447 +
0.0098

1. 781
+

0. 0480

r.851 +
0. 0556

KT
50

(minutes )

l_5 1. 3
+

r_8. 34

25L.2
+

10.09

r3s.1 1 rz.gs

r43. o I z.¿se

24L.8 I
+

6.687

280.2 6.328

60.36 ! ø.øøe

70.s4 1 g.oe¿

Treatment

S MaleI
S FemaleI
S, Male

S, Female

L MaIe

L Female

D tlale

D Female
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FIGURE 7.I

The Effect of Exposure Time (Transúormed to Log Time) on the Knockdown
Response (Transformed to Probits) of l4ale and Female O. moreLetii

Exposed for Eight Hours to Four rnsecticide Treatments, viz.,

Treatment S, (L31754 mg carbaryL/n2l

Treatment S, (I,375.4 ¡ng cärUarytTm2¡

Treatment L (110.03 mg chlorpyritos¡m2¡

and Treatment D (27.5L mg deltamethrin/m2¡

The graphical characters represent the responses of male (E)
and female (O) millipedes. The probit regression lines

calculated from the male (_) and female (_ J
data for each treatment are included.
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Carbarvl

Eight hours exposure to carbaryl at the rate

of 1r 375.4 mg a. "./^2, which approximates the rate

of 1r200 mg a.c.¡m2 of carbaryt effective against

O. moreletii in the field, caused knockdown in all'

and moribundity in most millipedes so exposed.

Hoh¡ever, the knockdown time and moribundity

after 48 hours of the male and female O. moreLetii

exposed to carbaryl did not appear to be dependent

on the concentration of insecticide.

The KTUO of the male millipedes exposed to the

higher concentration of carbaryl of l-l3,754 mg a."./^2

(Treatment sl) was I5I.g I fS.34 ninutes. This KTUO

was similar to those of the males and females exposed

to the lower concentration of 11375.4 mg a.c./m2 of.

carbaryl (Treatment 52), which were I35.f t fZ.gS

minutes and 143 .O ! 1.458 minuÈes respectively.

The KTUO of the female millipedes exposed to

13r754 mg u.".¡m2 of carbaryl was 25L.2 1 ro.og

minutes, which was longer than the KTsOrs of both

the male and female mitlipedes exposed to carbaryl at

the lower concentration of Ir375.4 mg a.".¡^2.
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The moribundity of the male millipedes exposed

to both concentrations of carbaryl, il3,754 ^g u.c.¡m2

and I ,375.4 mg a.c.¡m2 ,ere 100 percent after 48 hours,

while the moribundity of the females were 53.3 percent

and 93.3 percent resPect ivel.Y.

Chlorpvr ifos

The knockdown time and moribundity after 48 hours

of the male and female rnillipedes exposed to chlorpyrifos

at a concentration of I10.03 mg u."-¡^2 (Treatment L)

suggest that males are more susceptible to chlorpyrifos

than females.

The KT'O's for millipedes exposed to chlorpyrifos

were 241.e j e.687 minutes for males and 280 -z ! e.Szg

minutes for females. The moribundities after 48 hours

for mal.es and females were I00 percent and 86.7 percent

respect ively.

Deltamethr in

The knockdown times of the male and female milli-

pedes exposed to deltamethrin at a concentration of
2

27.5L mg a.c./m' (Treatment D) suggest similar

susceptibility to the insecticide, but the moribundity

of these millipedes after 48 hours suggests that males

are more susceptible to deltamethrin than females.
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The KTUO's for male and female millipedes

exposed to deltamethrin were 60.36 I 6.668 minutes

and 70.94 j 9.084 minutes respectively and the

moribundities after 48 hours vtere 13.3 percent

for males and 6.67 percent for females.

Comparisons of the *ts''s of the four treatments

indícate that deÌtamethrin (Treatment D) prduced the fastest

knockdown of the millipedes, followed by carbaryl (Treatment 52

and then Treatment Sr) I with chlorpyrifos (Treatment L) producing

the slowest knockdown.

Comparison of the moribundities after 48 hours of the

four treaÈments reveal that carbaryl (Treatment S2) produced

the highest moribundity, followed by chlorpyrifos (Treatment L),

and carbaryl (Treatment Sl) with deltamethrin (Treatment D)

producing the lowest moribundity.

The fast knockdown of the millipedes produced by delta-

methrin and the high moribundity produced by chlorpyrifos

suggest that these insecticides should be further investigated

as control agents f.or. o. morel-etii. This suggestion is

strengthened by consideration of the concentrations of the

insecticides used in this experiment. The lower concentration

of carbaryl used was I2.5 x and 50 x higher than those used

for chlorpyrifos and deltamethrin respectively-
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in susceptibility to the insecticides

female millipedes vJere not consistent.

The KTUO's for the mitlipedes in Treatments S, and D

suggest similar susceptibility of males and females to the

insecticides. However, the 
^t5O's 

of the millipedes in

Treatments S, and D, and the moribundity after 48 hours for

all treatments suggest that males are more susceptible to

the insecticides than females.

No abnormal behaviour or ¡noribundity was observed in

the control treatments' i.e., exposure to glass filter

papers not treated with insecticide.

The stadial ages of each millipede as determined by

the ocular fietd method are detailed in Appendix IX' The

mean stadial age of the millipedes l{as fO.3 j 0'698'

7.4 DISCUSSION

As the external signs of intoxication were similar for

the three insecticides tested, similar responses probably

also extend to other insecticides in the respective chemical

groups.

The similarity of response between the organophosphate'

chlorpyrifos, and the carbamate, carbaryl, was not unexpected'

The mode of action of both of these types of insecticide

invorves the inhibition of the enz)¡me' cholinesterase' This

enz!¡me hydrolyses acetylcholine generated in myoneural

junctions during the transmission of motor commands'
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l{hen cholinesterase is inhibited the accumulated acetyl-

choline interferes with the muscle co-ordination.

Interference with the muscles of vital organs may

eventually lead to death (Hartley and West l-969b).

synthetic pyrethroids are also neuroactive insecticides.

Both the peripheral and central nervous system are affected,

but the precise mechanism of such effects is not yet known.

Pyrethroids act on axonal transmission, which is poorly

understood compared to the action of cholinesterase

(Corbett 1974).

The initial phase of intense agitation which preceded

other signs of intoxication of the millipedes affected by

deltamethrin is co¡nmon among pyrethroids (Hêrve 1982).

In some types of indirect dosage systems, e.g', insects

confined on residues of contact insecticides, mortality is

equally a function of time of exposure to insecticide, or

the concentration of insecticide in the environment. Thus

the dosage rate and exposure time for a given effect may be

interchangeable, introducing the possibitity of dosing by

time of exposure to a single concentratiion of insecticide

(Busvine I97Id).

The determination of the *t5o's for each treatment in

this experiment is an example of dosing by time of exposure

to a single concentration of insecticide.
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The condition of each millipede whether unaffected or

knocked down, was recorded at initial exposure to the

treated filter paper, and at thirty minute intervals for

six hours thereafter.

However, the *t5O's so obtained should be viewed with

reservations.

In the determination of the KT5O's the time of exposure

(a rneasure of the dose) and the time of knockdown (a measure

of the effect of the dose) are confounded. AIso, the serial

observations on the same treatment are statistically linited

by the results of the. previous observation. Had a series of

treatments been exposed for different times the observations

would have been independent.

7.5 CONCLUSIONS

The symptoms of intoxication were similar for millipedes

exposed to carbaryl, chlorpyrifos and deltamethrin except that

a phase of intense agitation preceded other signs of intoxication

in the case of deltamethrin.

The criteria for knockdown and moribundity and recovery

based on the resulbs of Experiment I were suitable to assess

the effects on millipedes of all the insecticides tested.

Eight hours exposure to carbaryl was sufficient to

cause knockdown in all, and moribundity in most millipedes
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at the rate of Lr375.4 mg ^.c.¡nz, which approximates the

rate of 11200 mg a.c ./m2 of carbaryl which is effective

against O. norefetÍÍ in the field.

The KTUO time and level of noribundity for male

millipedes, appeared to be shorter and higher respectively,

than those estimates for females in most treatments, but

further studies are required to determine whether these

differences are statistically sÍgnificant.

The quÍck knockdown of O. morelexii produced by

delta¡nethrin and the high moribundity produced by chlor-

pyrifos suggest that these insecticides should be further

ínvestigated as control agents for O. morel-etii.
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I EXPERIMENT ITI

tofaBio ical As to ltteasure the Toxic
of Septene L tou id Carbarvll Aqainst O- morefetii

TNTRODUCTTON

Experiments I and II provided laboratory methods for

handling and exposing millipedes to insecticide treated

filter papers without inducing control mortality of the

millipedes.

These experiments also provided a set of criteria for

the assessment of knockdown, noribundity and recovery for

O. morefeÈii exposed to insecticides from the three major

groups of insecticides, i.e., organophosphates, carbamates

and synthetic pyrethroids.

The range of exposure time at which carbaryl is effective

in the laboratory at rates of application effective in the

fietd has been established as between one and eight hours.

The determination of a more precise time requires the develop-

ment of a suitable biological assay.

Observations from Experiments I and II also suggest tha't

male and female millipedes may respond differently to insect-

icides. Data to substantiate such differences may also be

obtained through the development of a suitable biological assay.

8.r

.+

ú
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This experiment was designed, through the development

of a biological assay technique, to:

(i) further specify the response of O. moreTetii

to SepteneR t iquid (carbaryl) at the rate

known to be effective in the field by determin-

ation of the KTUO (knockdown time 50 percent)

and MIUO (moribundity time 50".percent);

(ii) further examine the differences in res¡ronse to

carbaryl between male and female nillipedes.

8.2 MATERIATS AND METHODS

The materials and methods used in this experiment were

si¡nilar to those materials and methods detailed in Section 5.

The insecticide formulation used was Septene

(500 g/L carbaryl).

R Liquid

The Septerr.R Liquid was diluted L/LOO with distilled

water, and the rate of apptication of carbaryl was

I,375.4 mg a.c. ¡n2 .

Five treatments were used. These treatments $tere

obtained by using five different exposure times, ví2., 60,

L20, I80, 300 and 420 minutes.

Each treatment was tested separately with male and female

millipedes estimated on the basis of size and colour to be in

stadium ten or eleven, and replicated five times for each sex.

Five millipedes were used in each replicate.

t

!

ll,f

,,'¡
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Five male and female replicates were also used as

controls giving a total- of I50 male and 150 female

millipedes used in this experiment.

The condition of each millipede whether unaffected,

knocked down or moribund, was recorded at initial exposure

to the treated filter paper, and during exposure, depending

on the duration of exposure at thirty minute intervals up to

360 minutes and after 420 minutes. The criteria for assess-

ment of knockdown and moribundity were the same as those used

in Experiment II.

After 24 and 48 hours the condition of each nillipede,

whether unaffected, knocked down, moribund or recovered, was

also recorded.

During this experiment the temperature ranged from 20 to

23o c.

probit analyses were performed separately on the male and

female knockdown and moribundity data using the GLIM program

MACRO PROB developed by Mr. P.I. McCloud-

The knockdown and moribundity data for each sex v''ere

further analysed by comparing the probit regression Iines in

two ways using GLIM. The slopes and intercepts of the probit

regression lines were compared (Method 1) and secondly only
t
I

t

T
,l,f

"J
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the intercepts of the probit regression lines were

compared, but with the additional constraining require-

ment of parallel slopes of the regression lines incorporated

in the analyses (Method 2).

8.3 RESULTS

The observed knockdown and moribundity of male and

female o. moreTetii exposed to carbaryl are suntmarised in

AppendÍx X and detaited in Appendix XI.

Probit analyses were performed separately on the

male and female knockdown and moribundity data and the

results are given in Table 8.I. The effect of the different

treatments (exposure tirnes) on the knockdown and moribundity

of the male and female millipedes exposed to carbaryl is also

shown with probit regression lines included in Figure 8.I'

The KTUO's for O. moreTetii exposed to carbaryl at the

rate of 1,375.4 mg ^.".¡^2 r"tere:

for males 136.? 1 rr.25 minutes;

for females 148.7 j r¡.99 minutes.

The MT 's after 48 hours were:
50

for males

for females

+
127.7 - 8.63 minutes;

16.16 minutes.

li
I

I
I

T

I
I

+r82.0 -
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TABLE 8.1

Results of Probit Analyses on the Knockdown and Moribundity Data
for MaIe and Female O. moreletii Exposed for Various

Times to Carbaryl at the Rate of
L1375.4 mg a.c.,/m¿

182.0 1 re.ro
2.260 t o.ogee

3.s86 t O.ZS¿O

-3.106 j 0.57 47

98. 0

+L27.i - 8. 630

0.a293

1.138

2.575

2.LO6
+

I

4.027:
+

-3.578 -

74.7

ttSO (minutes)

Iog MTsO

slope of probit line
intercept of probit line
percent of variance
accounted for

L48.7
+

13. 99

0.0409

0. 6176

L.397

I

2.172 !

4.603
+

-4.999
+

93.2

a

136.7 :
+2.L36 -
+4.689 -
+

-5.014 -

LL.25

0.03s7

1.306

2.9s4

7 4.8

**SO (minutes)

loS KTUO

slope of probit line
intercept of probit Iine
percent of variance
accounted for
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I

FIGURE 8.1

The Effect of Exposure Time (Transformed to Log Tinre) on the Knockdown

and Moribundity (both Transformed to Probits) of MaIe and Female

O. noreietii Exposed to L,375.4 mg carbatyL/m2
for Five Different Times (Treatments)

viz., 60, L2O' I8O, 300 and 420 Minutes

The graphical characters represent the responses of male (tr)
and female (O) nillipedes. The probit regression lines

calculated f rom the male F) and female (- -)
data for each treatment are included.
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The differences in knockdown and moribundity between

male and female O. noreLetii exposed to carbaryl were not

significantatp=0.05.

Comparison of the male and female knockdown data using

Method I revealed no significant difference in the intercept

(ae 0.0047) or the slope (ae 0.0598) of the respective

probit regression lines. Ï

Comparison of these data usinq Method 2 also did not

reveal any siqnificant difference in the intercept (tZ 0-448)

of the respective probit regression lines at p = 0-05-

Comparison of the male and female moribunditv data

revealed no siqnificant difference in the intercept (tO 0.179)

or the slope (te 0.417) using Method 1, and in the intercept

(az 1.897) usinq Method 2 of the respective probit reqression

IinesâtP=0.05.

Neither abnormal behaviour nor moribundity were observed

in the control treatments, i.e., exposure to glass filter papers

not treated with insecticide.

The stadial aqe of each millipede as determined by the

ocular field method are detailed in Appendix XII- The mean

stadial age of the millipedes was I0.O 1 0.7L6.
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8.4 DISCUSSION

The statisticatty insignificant differences (p 0.05)

between male and female millipedes responses' i.e., knock-

down and moribunditv to carbarvl mav be real or they may be

biased because of the limited amount of experimental data

generated.

For a number of treatments in this experiment the knockdown

and ¡noribundity responses to carbaryl of the millipedes tested

were either nil or total response.

Three of the five dosage times (treatments) used in this

experimenL, viz. ' 420, 300 and 180 minutes produced 100 percent

knockdown in the ¡nale millipedes so ex¡rcsed. The longest of

these dosage times also produced I00 percent noribundity in the

males and I00 percent knockdown in the female millÍpedes so

exposed.

The shortest dosage time of 60 minutes produced no knock-

down in males, and neither knockdown nor moribundity in female

millipedes exposed for this time.

The data from treatments for which the millipedes either

did not respond at all, or responded totally cannot be used in

probit analyses without adjustment.

Arbitrary adjustments were made. 0 was adjusted to I, and

25 was adjusted to 24, adjustments which may not have been con-

sistent with the actual response. These arbitrary adjustments

therefore may have been a major source of error.
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For probit analyses using five data points, ideal

levels of response, i.e., knockdown or moribundity for

these points would be approximately I0, 35, 50, 65 and

90 percent. When designing this experiment, it was not

known at what exposure times these levels of response would

occur, so the times were selected arbitrarily between the

known limits of one and eight hours. As previously stated,

many of the knockdown and moribundity responses for this

experiment were niI or total, clearly indicating that the

exposure times selected were far from ideal.

The level of the data derived from this biological assay

would be improved and by the adoption of exposure times

closely aliqned to the specific response levels listed above.

The level of these data could also be improved by increasing

the number of millipedes used. This may be achieved by either

increasing the number of millipedes used per treatment, or by

increasing the number of treatments while keeping the number

of millipedes per treatment constant, or both.

8.5 CONCLUSIONS

The KTUO's and 
"t50's 

for male and female millipedes

exposed to lr3Z5.a ng¡m2 carbaryl have been determined as:

KT = 136.2 j rr.25 minutes
50

+L27.7 -

for males:

MT
50

8.63 minutes
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+for females: KT = L48.7 - 13.99 minutes
50

"'50 
= 182'0 I ro'16 minutes

Differences in knockdown and moribundity between male

and female o. moreletii exposed to carbaryl have not been

statistically substantiated.
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9. EXPERIMENT IV

Refinement of Bi ical As to Measure the ir of
Septene id (CarbaryI) Aqainst O. noreletii

9.I INTRODUCTION

Busvine (197Ic) considered that males of most species

of insect are more susceptible to contact insecticides

than females.

A possible reason for such differences in response to

insecticides between the sexes is the greater body weight of

females compared to males for many species.

Body size also influences surface area, and because

absorption of insecticides frequently involves the surfaces

of tissues Moore (1909) has suggested that surface area

would be a more reliable measure to use to account for size

differences than weight.

Differences in respiratory metabolism (Forgash 1956) and

behaviour (David and Bracey 1946) have also been proposed as

explanations in specific cases for differences in responses

between males and females.

MaIe O. moreLetii are apProximately half the weight of

females of the same stadiat age, e.g. ' the mean weight of

males in stadia ten and eleven is 0.12 grams compared Lo 0.24

grams for females in the same stadia.

I
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The aims of this experiment are to determine:

if the difference in response to insecticide

observed in Experiment II between male and female

millipedes is statistically signifÍcant, and

if the response is different, whether it may be

ascribed to the difference in their respective body

weights, especially as the mean body weights of males

and females in the same stadia differ.

9.2 !4ÀTERIALS A¡{D METHODS

In general, the materials and methods used in this

experiment were similar to those materials and methods

detailed in Section 5.

Similar to Experiment fII' the insecticide used was

SepteneR Liquid (500 g/L carbaryl), diluted IrlI00 with

distilled water and applied at a rate of 1r 375.4 ^g u.c.¡m2

of carbaryl to the filter papers.

Fourteen treatments tere used. These treatments were

obtained by using fourteen different exposure times, viz.r 25O,

2OO' I7O, l4O. LzO, I0O and 70 minutes for males and 420.280'

220, L9O' I7O' 140 and 90 minutes for females, which aPprox-

imate the 90r'75r 601 50r 4Or 25 and l0 percent moribundity

response exposure times calculated for male and female

millipedes respectively exposed to carbaryl in Experiment III.
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Each treatment was tested with male or female millipedes

estinated on the basis of size and colour to be in stadium

ten or eleven, and replicated five tirnes. Five millipedes

were used in each replicate.

Five male and female replicates were also used as controls

giving a total of 2OO male and 200 female millipedes used in

this experiment.

The 25 millipedes in each treatment were weighed collect-

ively and their average weight determined.

The condition of each millipede whether unaffected, knocked

down or moribund vras recorded at the initial time of exposure,

and at the termination of exposure using the same criteria for

assessment of knockdown and moribundity as in Experiment II.

After 24 and 48 hours the condition of each millipede whether

unaffected, knocked down, moribund or recovered was also recorded.

During this experiment the temperature ranged from 20 to

probit analyses were performed separately on the male and

female knockdown and moribundity data using the GLIM program

MACRO PROB.

These data were further analysed by comparing the probit

regression lines for each sex in two ways also using GLIM.

The slopes and intercepts of the probit regression lines were

c23
o
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compared (Method 1) and secondly, only the intercepts of the

probit regression Iines were compared, but with the additional

constraining requirement of parallel slopes of the regression

lines incorporated in the anal-yses (Method 2).

9.3 RESULTS

The observed knockdown and moribundity of male and female

O. moreletii exposed to carbaryl are su¡nmarised in Appendix XIII

and detailed in Appendix XIV.

The knockdown and moribundity data r4rere analysed without

regard for the difference in body weight between male and female

millipedes in the same stadia, i.e., dosage = time of exposure

(minutes) as in Experiment III, and also with dosage adjusted to

account for this difference in weight, i.e., dosage = time of

exposure,/average rnillipede weight (minutes gr.*"-l¡ -

Analyses of Data Us rng Dosage = Time Of Exposure

Probit analyses were performed separately on

the male and female knockdown and moribundity data.

The results of these analyses are shordn in Table 9.I.

The effect of the different treatments on the knock-

down and moribundity of males and females exposed to

carbaryl is shown with probit regression lines included,

in Figure 9.1.

The KT 's for O. moreletii exposed to carbaryl
50

at the rate of 11375.4 mg a.c.¡m2 were:

for males: 15I.6 1 3.96 minutes:

for females: 230.6 ! l.zt minutes.
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TABLE 9.1

Results of Probit Analyses on the Knockdown and Moribundity Data
for MaIe and Female O. moreletii Exposed for various

Times to Carbaryl at the Rate of
L'375.4 mg a.c./m2

For these analyses dosage = time of exposure

+
32L.4

+2.507L -
L42.5

0. 1925

0.9100

2.091

3. 8r9

-4.575

+

+

73 .5

I27.7 I
^+

1

1

9.229

2.L 06 0 314

5.733

-7.075

1. 389

2.987

72.8

"*SO 
(ninutes)

Iog m50

slope of probit line
intercept of probit line
percent of variance
accounted for

230.6

2.3629

6. 109

-9 .43s

1 7.20s
aI o. otge
+
- L.754
I! t.ozg

65. 0

rsr.6 j s.sse

2.L807 1 o.orr¡
6.604 ! t.ezø

-9.400 ! z.gzs

66.8

*tso (minutes)

Iog KT5O

slope of probit line
intercept of probit line
percent of variance
accounted for

FemalesMaIes
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FIGURE 9.I

The Effect of Dosage (Exposure Ti¡ne Transformed to Log Time)
on the Knockdown and Moribundity (both Transformed to Probits) ^ofùtale and Female O. moreletii Exposed to Lr375.4 mg Carbaryl/m¿

for Various Times

The graphical characters represent the responses of male (tr)
and female (O) millipedes. The probit regression lines

calculated f rom the male (-) and f emale (- -)
data for each treatment are included.
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FIGURE 9.1
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The MT t s were:
50

for males:
+L27.1 -

for females:
+32r.4 -

9.23 minutes:

142 minutes.

Differences in knockdown and moribundity'

between male and female O. morefetii exposed to

carbaryl were not significant when compared using

l{ethod 1r but were significant when compared using

Method2aEP=0.05.

Comparison of the male and female knockdown data

revealed no significant difference at p = 0.05 in the

intercept (t6 = 0.01) or the slope (t6 = 0.I9) of the

respective probit regression lines using Method I.

Similarty comparison of the male and female moribundity

data using this method revealed no significant difference

at p - 0.05 in the intercept (aO 0.69) or the slope

(t6 = I.17) of the respective probit regression lines'

However, comparison of the knockdown and moribundity

data between males and females revealed significant

difference in the intercept" (tZ = 2.33 and t, = 5.23)

of the probit regression lines for knockdown and

moribundity respectively at p = 0.05.
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Analyses of Data Usi nd Dos Ad e=Ti of Fvñ^c ure
Averaqe Millipede Weiqht

The results of the probit analyses performed

separately on the male and female knockdown and

moribundity data are shov¡n in Table 9.2. Figure 9.2

shows the effect of the different treatments on the

knockdown and moribundity of males and females exposed

to carbaryl, with probit regression lines included.

The KT 's for O. morefetii exposed to carbaryl
50

at the rate of Ir375.4 mg a. 
"./m2 

vtere:

for males: I ,2gs ! 35.35 minutes gr.*"-I,

for females: 952.2 ! 11.90 minute" gr.*=-1.

The MTUO's vrere:

for males: Ir07g I 83.56 minutes gru*"-l,

for females: 1,390 i ggg.8 minute" gr.^"-1.

The differences in knockdown and moribundity between

male and female O. moreletii exposed to carbaryl were

not significant at p - 0.05.

Comparison of the male and female knockdown data

using Method I showed no significant difference at

p = 0.05 in the intercept (t6 = 0.44) or the slope

(t6 = 0.33) of the respective probit regression lines-

Similarty comparison of these data using Method 2 did

not reveal any significant difference in the intercept

(t7 = 1.67) of these probit regression lines at p = 0-05.



Results of Probit Analyses on the Knockdown and Moribundity Data
for MaIe and Fema1e O. moreLetii Exposed for Various

Times to Carbaryl at the Rate of
I,375.4 mg a.c./m¿
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TABLE 9.2

For these analyses dosage - time of exposure/
average milliPede weight

L,L27

3.052

4 .510

-8.764

I! tz.zl
I: o.ozgz
L! o.logl
II z. tos

75.5

r,390 1 e¡g.a

3.r43 I e3g.s

3.387 j O.eaSr

-s.644 ! Z.çS

71. 5

rr073

3.031

s.460

-rt. 55

+- 83.56
I o.ogge

1 r. zsr
I ¡.gsa

7 4.r

ttso (minutes grams

log MTsO

-1
)

slope of probit line
intercept of probit
Iine
percent of variance
accounted for

L,L26

3.0s2

5.l-26

-10.64

! zg.ss
io . OIT3

I r.ozg
1 s.zro

62.7

ss2.2 ! tt.go
2.979 I o.ogss

s.s28 j r.ss¿

-LL.47 ! A.+S't

66.6

L,285

3. 109

6.28L

-14.53

1 ss.ss
I o.orrg
+- r.699
I! s.zzs

67.9

*tSO (minutes grams

loS KTUO

-I
)

slope of probit line
intercept of probit
Iine
percent of variance
accounted for

Males + Females
CombinedFemalesMaIes
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FIGURE 9.2

TheEffectofDosage(ExposureTime/AverageMillipedeVteight
Transformed to Logs) on the Knockdown and Moribundity

(both Transformed to Probits) of MaIe and Female

O. norefetii Ex¡rosed to l'375'4 ng Carloatyl-/nz
for Various Times

The graphical characters rePresent the responses of male (tr)
and female (O) millipedes' The probit regression lines

calculatedfrorrthemale(-)rfemale(--)and
combined male plus female (-'l data for each

treatment are included
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FIGURE 9.2
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Comparison of the male and female moribundity

data revealed no significant difference in the

intercept (tO I.3f) or the'slope (t6 = 1'38)

using Method Ir or in the intercept (t7 = 0'93)

using Mebhod 2 for the respective probit regress-

ion lines at P - 0.05'

Probit analyses were performed on the combined male and

femare data corrected for body weight, for both knockdown and

¡noribundity,therebeingnosignificantdifferenceinresponse

between male and female O. morel-etjj on a weight corrected

basis.TheseresultsarealsoshowninTableg.2.Theeffect

ofthedifferentÈreatmentsontheknockdownandmoribundity

of males and females exPosed to carbaryl is also shown with

probit regression lines included in Figure 9'2'

The KTUO and MTUO tor O'

the rate of 11375.4 ¡ng a'c'/m

moreletii exPosed to carbarYl at

2 vJere:

.I
- I, L26 ! 29.35 minutes grams

= rr L27 ! ß.27 minutes grams

,KT
5 0

0

-1
MT

5

Neither abnormal behaviour nor moribundity were observed

in the control treatments, i.e., exposure to glass filter

papers not treated with insecticide'

The stadial age of each millipede as determined by the

ocular field method are detailed in Appendix XV' The mean

stadial age of the millipedes was I0'f I O '782'
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DISCUSSION

The greater body weight of. adult females compared to

that of adult males has accounted for differences between

the-sex'es in susceptibility to insecticides for a number of

insects.

Female DtosophiTa meTanogastet are l'86 times as

tolerant as males to DDT applied topically' When the

doses are corrected for body weight this ratio falls to

1.17 (Kerr 1954)- Female locusts Schistocerca gtegaria

and ¿ocusxa migtatoria axe also more tolerant than males'

but this difference no longer apPears when the doses are

calculated in terms of unit body weight (MacCuaig 1956) '

the finding of this experiment that male and female

O. moreletii respond similarly to exposure to carbaryl

when dosages are corrected for body weight is of practical

benefit. In future experiments male and female knockdown

,data may be pooled, as could the noribundity data' provided

the data are corrected for the relative weights of the male

and femal-e milliPedes'
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9.5 CONCLUS IONS

exposed to Ir375.4 mg carbarYl,/m

The KT ts and MT 's for male and female O' moteLexii
50 50

2 are:

for females: KT
50

KT = I5I.o t ¡.956 minutes;

= L27.1 ! g.229 minutes'

= 23O.ø ! 1.209 minutes;

= 32L.¿ ! :;:l,z.5 minutes'

for males: 50

IvlT
50

MT
50

The differences in responses between male and female

millipedes are statistically significant at p = 0'05 using

Method 2 as the means of comparison'

The KTuo's and *t5o's for mare and female o' moreTetii

exposed to carbaryl were also determined (with data corrected

for the different body weights of male and female millipedes) '

i.e., dose = time of exposure/average rnillipede weight'

rs and MT t s are:
50 50

for males: L.285 
j ss.35 minutes grams

5

the KTIn this case the values of

KT

MT

0

0

-1

I,073 t sg.56 minute" 9"*=-l'
5

50

-t
for females: KT g52.2 ! n.9o minutes grams

I,390 I g¡g.8 minute" g'u^"-l'
MT

50

Compared on this basis, the differences in response between

maleandfemalemillipedesarenotstatisticallysignificant

at p = 0.05.
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The statistically significant difference in response

between male and female millipedes is accounted for by the

dlfference in body weight of the sexes'

The KT5O and MTUO fot O- moteletii (combined male and

female data corrected for body weight) are:

KT I,L26 ! zg.gS minutes grut"-r,

L,L27 ! ß.27 minute" 9r*"-1.
50

MT
50
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r0. EXPERII'{ENiI V

R
Compar ison of the Toxici tvo f Septene L iquid (Carbaryl)
with that of Ten Other Insecticide Formu lations Against
O. noreTetii

IO.I INTRODUCTION

Fenemore (1982) stated that the following aspects

require consideration when the most effective insecticide

is being selected for a particular Purpose:

(i) effectiveness for the pest to be controlled;

(ii) toxicity;

(iii) formutation and method of application most suited

to the circumstancesi

(iv) timing of application in relation to the stage of

development of the pest and stage of growth of the

cropi

(v) the need for repeat applications;

(vi) selectivity for beneficial organisms, particularly

parasitesandpredatorsofthepesttobecontrolled;

(vii) cost.

Themostimportantaspectsforselectionofinsecticidesto

formtreatedbarriersaroundareastobeprotected,ê.9.,domestic

dwellingsrareefficacy,includingresiduallifeoftheinsect-

icide,toxicityandhazardtotheapplicatorandtonon-target

organisms and the cost of treatment'
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The scope of this thesis does not permit a study of

the residual life of insectícides, which may vary depend-

ing on the surface and the environmental conditions to

which the insecticides are applied and subjected respect-

ively, but it does allow a range of formulated insecticides

to be tested against field collected O' motel-etji in the

laboratorY.

Anong the range of formulated insecticides to be tested

several formulations of the same active constituent are

included because the physical properties of the formulation

of an insecticiderand the material to which it is applied

have a considerable influence on the availability of the

active ingredients to insects, and hence on the ultimate

efficacy of the formulation (Hadaway' Barlow and Duncan 1963) '

The aims of this experiment are to:

(i) compare the efficacy of various formulated insect-

icides to controL O' moreletii with carbaryl' the

standard insecticide for control of millipedes' on

thebasisofcostoftreatmentandtheconcentration

of active constituent;

(ii) observe if the efficacy of different formulations

of the same insecticide to control O' moteletii

differs.
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L0.2 MÀTERIALS ÀND METHODS

In general, the materials and methods used in this

experiment were similar to those materials and methods

detaÍIed in Section 5.

E1even insecticide formulations were used' These

formulations are listed in Table I0'l'

Fifty five chemical treatmencs were used' These treat-

ment.s were obtained by serially diluting each formulation

withdistiltetlwatertoconcentrationscorrespondingto

4 x, 2 xr I x, L x and ¡¡ x the cost of applying SepteneR

Liquid at. the rate of Ir3?5'4 ng carbatyL¡m2' The cost

of each insecticidal formulation relative to SepteneR

Liquid is also listed in Tab1e l0'1'

The dosages for' each treatment v'ere corrected for body

weightsothatmaleandfemaleknockdowndat'acouldbepooled,

as courd the ¡noribundity data, as discussed in Experiment rv.

The concentration of each insecticide used for males was half

that used for females for each treatment' because mal-es are

approxinately half the weight of females (of the same stadia);

the dosage per body weight of millipede was then similar for

each sex.

The concentrations of active constituents for each of

the eleven insecticidat formulations used ' for each relative

cost, are detailed in Table lO'2' SepteneR Liquid is used as

the example for Èhe pooling of male and female sub-treat¡nents'

€.9. r SrF Pooled with S2M, S2F with Srt'tr SrF with SOUr

S4F vrith SrM and SUF with StM'
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TABLE 10.I

ThelnsecticideFormulationsusedinExperimentv,withtheir
Relative Costs, Compared to the Cost of

SepteneR Liquid (500 g/L Carbaryl)

X-I8 CarbarY1

ni¡rcordR 2oonc

saythroidR

Grenade 2008c

Decis 25EC

Lorsban 25WP

Lorsban 5oEC

Ficam

200

Septene Liquid

H

R

R

R

R

w

Baygon 8owP

R

R

R

R
Baygon

500 g/L
carbarYl
8oo g/ks
carbarYl
800 s/kg
Propoxur
2L8 g/L
propoxur

800 s/ks
bendiocarb

50o g/L
chlorpYr ifos

2s0 s/kg
chlorpYr ifos

25 s/L
delta¡nethr in

20o g/L
cyhalothr in

2oo s/L
cypermethr in

I00 g/kg
FCR 1272

s0.00

62.L6

164. 80

7 .49

3. 00

18.91

6.69

6.79

L.20

r.92

43.7 4

13.02

32.38

85. 83

3.90

r. s6

9. 8s

3 .48

3 .54

0. 63

*

r.0

Product Active Constituent
Cost Per

I00 s a.c. (S)
Cost
Ratio

* The cost ratio for BaybhroidRoH was theoaver ge of the three other

synrheric pyrerh;;i;":"";.;ì"*l *ip"ordR and GrenadeR because

BãythroidR tt is still under development'
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TABLE IO.2

The Concentrations of Active Constituents for each of the E1even

Insecticidal Formulations used for each Relatíve Cost

septeneR Liquid is used as the Example for the poolÍng of
MaIe and Female sub-Treatmentsr €.9., srF Pooled with srMr
SrF with S3M, S3F with SnMr SnF with SUÉl and SUF with SaM

3.937.8615. 7I3r.4362.85t25.7

Baythroid R
H (H)

(I00 grzkg FCR12Z2)
conc. mg a.c.,/m'

L2.925.795r. s8r03. 2206.34L2.6

RipcordR 2oogc (R)
(2OO g/L cyPermtthrin)
conc. mg a.c.,/m

5.32r0.632t.2542.585.0r70.0

Grenade
R 2008c (G)

(200 S/L cyhalothrin)
conc. mg a.c./m

2-04.018. 0r16. 0332.L64. I

Dec isR
25EC (D)

(25 g/I' deltamet
conc. mg a.c./m

hr in)

44.L88.2L76.4352.8705. 6L,ALl.2

Lorsban
R

25!{P (LP)

l25O g/kg chlorqYrifos)
conc. mg a.c./m'

IIO.2220.4440. I88r.6rr763.33 ,526.5

Lorsban
R

5oEC (LE)
(500 g/L
conc. m9

chlorpyr ifos )

a.c. /n'

17.534.969. I139. 6279.2s58.4

ricamR w 1r¡
(800 g/kg bendiçarb)
conc. mg a.c./m'

49.498. 8L97.6395.2790.51,580. 9

R 200 (BE)Baygon
(2L8 g/L ProPoxgr)
conc. mg a.c./m

48. 697.Lr94.3388.6777.LL,554.2

R wP (BP)Baygon
(800 g/kg ProPoTur)
conc. mg a.c./m

273.0545.9r, 09I. 72,r83.54 ,366.98,733. I
X-18 CarbarYl (X)
(800 g/kg carba5Y
conc. mg a.c.r/mo

I)

L72.0

SøM

343.9
S

S;il

687.7
s
S iil

L.375.4
S"F

';*

2,750.8
szF
szt

5 ,50I.6
stF

L id ( S)
(5OO g/L carbarSl)
conc. mg a.c./m
sub-treatment
example

L/8xL/4xL/2xlx2x4xRelative Cost
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The duration of exposure for each miltipede on the

insecticidally Èreated filter paper was 270 minutes based

on the MTUO for females oî 278'3 minutes which occurred

with carbaryl in Experiment Iv, using combined male and

female moribundity data (see Tab1e 9'21 '

The male and female ¡nillipedes used in each breatment

were estimated on the basis of size and colour to be in

stadiun ten or eleven. Ten miltipedes' five males and five

females, vlere used in each replicate' Each treatment was

replicated three times' Equipment and manpower restrictions

allowed only one replicate to be exposed at a time'

Three replicates of males and females were also used

as controls, giving a total of g40 male and 840 female

millipedes used in this experiment'

The millipedes in each replicate of each treatment were

weighed to determine the average weights of the five male and

the five female nillipedes naking up the replicate' This

weighing was done twelve Lo 24 hours before the ¡nillipedes

wereexposedtotheinsecticidallytreatedfilterpapers.

The condition of each millipede, whether unaffected'

knocked down or moribund was recorded at the initial time

of exposure ' at thirty minute intervals up to three hours

and after four hours using the same criteria for assessrnent

of knockdown and moribundiby used in Experiment II'
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After 24 and 48 hours, the condition of each millipede

whether unaffected, knocked down, moribund or recovered was

also recorded.

During this experiment the temperature ranged from 20

to 22o C. for the first and second repticates and from 20 to

zLo c. for the third rePlicate.

Probit analyses were performed on the combined male and

female data corrected for body weight for knockdown and

moribundity for each formulated insecticide using the GLIM

program MACRO PROB.

For valid comParisons of toxicity the probit regression

linesshouldbeparallel,otherwisetherelativepotencywill

vary with Lhe mortality level chosen' The slopes of groups

of probit regression Iines were comPared for similarity using

GLIM, with significance at p - 0'05 determined using the

F-test.

Comparisons of the *o50's, KT50'sr MDUOTs or MIUO's of

probit regression lines of similar slope were made using the

GLIM program IIACRO LDCOM developed by Mr' P'I' McCloud'
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I0.3 RESULTS

Themodificationofdosageadoptedinthísexperiment'

i.e., males were exposed to fnsecticide at half the concen-

tratíon of active consEitueng to which females were exposed

in the 6a¡ne treatments' vtas satisfactory because the

difference betvreen the average weight of males and half

the average weight of female mitlipedes used in this

experiment were not significant at p = O'05' allo+ring the

poolÍng of nale and female data'

The mean weight of the male and female sub-treatments

each ¡nade up of five inillipedes was 0 '5723 
I O'ozOa ana

L.L77L 1 o.rere resPectiverY'

To determine the efficacy of the various formulated

insecticides to control o. moreletii probiE analyses were

first performed individually for each formulated insect-

icide on the following data sets:

(i) knockdoç¡n data, for dosage calculated at the

same cost of treatmenti

(ii) ¡noribundity data, fot dosage calculated on the

basis of cost of Ereatment;

(iii) knockdown data, for dosage calculated on the

basis of concentration of active constituent;

(iv) morlbundity data , for dosage calculated on the

basis of concentraEion of active constituent'
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The results of these probit analyses are shown tn

Table I0.3 and Table 10.4 for knockdown and moribundity

respectively, and are examined in detail and compared in

the following sub-sections.

(i) Knockdown Data Compared at the Same Cost
of Treatment

The data for this comparison are composed

of the observations of knockdown made at thirty

minute intervals fot 24O minutes of the same

batches of nilliPedes.

These batches of millipedes were exposed at

concentrations of the various insecticidal formul-

ations eguivalent in cost to that of applying

SepteneR Liquid at the rate of Lt375'4 rng carbaryl/m2 '

i.e., treatments SrF + S4M, X3F + X4M, etc'

These data are summarÍsed in Appendix XVI and

the results of the probit analyses for the data are

shown in Table 10.3.

Comparison of aII KTUOTs together was not possible

as the slopes of the eleven respective probit regress-

ion lines were significantly different (FlOr35 = 3'298)

at P = 0.05.

However' comParisons of the *t50's within two

groups were Possible.
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TABLE IO.3

The Results of fndividual Probit Analyses of the Knockdown Data for O. moreTetíi
Exposed to Various Insecticide F'ormulations

Dosages are calculated for the same cost of treatmentt
i.e., dosage = time of exposure/average nillipede weight (minutes gt"*"-I¡

and on the basis of concentration of active constituent,
i.e., dosage - concentration of active constituent,/average millipede weight (tg t-2

I,faximum *O50,s are proposed where probit analyses are not possible

-tgrams

'j -:::l
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TABLE 10.4

The Results of Individual probit Analyses of the Moribundity Data for o. moteTexii
Exposed to Various Insecticide Formulations

Dosagesarecalculatedonthebasisofcostoftreatm.nt-I.
i.ê. r dosage = relative cost x l00'/average nilligede (grams -)

where the relative cost of applying SepteneR Liquid
at the rate of Ir375.4 mg carbaryL/m¿ = 1

Dosages are also calculated on the basis of concentration of active constituent
i.e.rdosage=concentrationofactiveconstituent'/averagemillipedeweight(rngt-29'*=-t

Maximum-50,sareproposedwhereprobitanalysesarenotpossible
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Comparison of all KTUO's in group A made up

of formulations -

SepteneR Liquid (S),

X-18 CarbarYl (X),

naygonR SowP (BP),

naygonR 2oo (BE),

FicamR w (F),

pecisR 25nc (D),

RipcordR 2oonc (F),

eaythroidR tt (H) ,

was possible as the slopes of the eight respective

probit regression Iines were not significantly differ-

ent (E6,26 = 0.787) ât P = 0.05'

The results of the probit analyses using a common

slope for all probit regression lines for group A are

shown in Table I0.5 and the KTUOTs are compared at

p = 0.05 in Figure I0'l'

Comparison of the *ts.'s at p = 0'05 for group A

showsthatthemostcosteffectiveformulationswere

X, BP, BE and F. H r.las as effective as Xt BP and F'

white R r.tas only as effective as' F and H' D was less

cost effective than all other formulations except S

which was the least cost effective knockdown form-

ulation.
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TABLE IO.5

The Results of Probit Analyses of Knockdown of
O. moreletii Exposed to the Formulated Insecticides in

Groups A and B at Concentrations EquÍvalent
in Cost to that of Applying SepteneR l,iquid

at the Rate of 1,375.4 mg Carbaryl/m¿,
using a Common Slope for the

Probit Regression Lines within each Group

Group A was made up of the following formulations:
septeneR Liquid (s), x-I8 Carbaryl (X), Baygon* 8O*" (BP),

aaygonR 2oo (BE), FicamR w (F), DecisR 25nc (D),
nipcordR 2O0Ec (R) and BaythroidR tl (H)

Group B comprised the following formulations:
LorsbanR 50Ec (LE), LorsbanR 25wp (Lp) and

GrenadeR 2ooEc (c)
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TABLE IO.5

Slope

! zz.se
! zo.ae
! zt.te

646.2

630.8

58r.7

2.Bro j o.orsz

2.800 1 o.or¿r
2.76s j o.oreg

s.1s4 1 o.ge¿o

s.rB4 1 o.ge¿o

8.rs4 I o.¡e¿o

-18.00
-L7.92

-17.63

j r.ozg
I r.oao
1 r.osz

Group B

LE

LP

G

70L.2

244.0

238. I
222.3

248.0

42L.5

313.1

290.4

36.6r

13.95

16.56

10.32

t5.29
20.35

2L.33

19.76

1

I
t
1

1

1

1

I

2.g46 ! o.ozzt
2.3s't ! o.ozÆ
2.37s I o.osor

2.34? ! o.ozoz

2.3s4 j O.OZOA

2.62s I o.ozro

2.4s6 I o.ozge

2.463 ! o.ozge

s. 054

5.054

5. 0s4

5.054

5.0s4

5.054

5. 054

0.2479

0.2479

0.2479

0.2479

0.2479

0.2479

0.2479

I
1

t
1

J

J

J

s.os4 ! o.zttg

-9. 384

-7.066
-7.019
-6.863

-7.L02

-8.266
-7.6L4

0. 6980

0.6408

0. 6438

0.6440

0.6493

0.6924

0.68s8

1

1

1

1

I
1

1

-7.44g I o.ezeg

Group A

S

x

BP

BE

F

D

R

H

KT5oLog KT5OIntercept
FormuI-
ation



The KT5O,9 with confidence Limits (p = 0.05) for Knockdown of
O. moreletii Exposed to the Formulated Insecticides

in CrouPs A and B at Concentrations
Equivalent in Cost to that of Applying

SepteneR Liquid at the Rate
of Ir375.4 mg CarbaryL/n'

Group A vtas made up of the following formulations:

sept"neilLiquid (s), x-18 carbaryl (x)' Batgo"*-8Ow" (BP)'
"-'--äãrnãiË-zòo'läil , ricamR w (F) , P"ti:i ?sl: (D) '

Ri¡rcoraR ZOOec (R) and Baythroid^ H (H)

.TL2.

FIGURE IO.I

Group B comprised the following formulations:

LorsbanR 50Ec (LE), LorsbanR 25wP (tP) and

crenadeR 2oonc (G)
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Comparison of the KT50's in group B made up of

formulations Lorsb.r,^ 50uc (LE), LorsbanR 25wP (LP)

and GrenadeR 2OOpc (G) was also possible as the

slopes of the three respective probiE regression

lines were not significantly different lF2rg = 2'6231

at P = 0.05.

The results of the probit analyses using a cornmon

slope for all. probit regression lines for group B are

also shown in Table I0-5 and the KTUO's are compared

at p = 0.05 in Figure 10.1-

Comparison of the *ts.'s for group B shows that

aII three formulations LE, LP and G are similarly

cost effective.

N.B. The *50's obtained in these analyses should be viewed

wiÈh the reservations exPressed in Section 7'4'

(ii) Mor ibundi ty Data Compar ed on the Basls of
Cost. of Treatment

The data for this comparison are com¡nsed of

the observations of moribundity made 48 hours after

exposure to insecticide for each treatment'

Dosage = relative cost x I0O/average millipede
R

weight where the relative cost of applying Septene

)
Liquid at the rate of lr3?5.4 mg carbaryl/m- = l'
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These data are sunmarised in Appendix XVII

and the results of the individual probit analyses

for the data are shown in Table t0'4'

Probit analyses on several moribundity data

sets, ví2.,

X-tB CarbarYl (X),

LorsbanR soEc (LE), and

LorsbanR 25wP (LP),

vJere not. possible because of the total noribundity of

millipedes in most treatments' For these formulations'

maximum MD values have been proposed' (Table I0'4)
50

The probit analysis for aaygonR 2OO (BE) did not

show the exPected positive linear relationship between

moribundity (probits) and log dosage' and vras conseq-

uently not included in the subsequent comparisons of

MD
50

Comparison of the *50's for the remaining formul-

ations, ví2.,
R

Septene

R
Baygon

FicamR

DecisR

Liquid (S) ,

8owP (BP) ,

w (F),

25EC (D),
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R
Grenade 20oEc

R

(G),

(R) , andRipcord 2008c

naythroidR H (H),

was not possible as the slopes of the seven respective

probit regression lines were significantly different

(u6,Zt -- 2.576) at P - 0.05.

However, comparisons of the MD'Ors within two

groups were Possible.

The MD'O's for S, BP, D and G (group C) were

compared as the slopes of the probit regression lines

for each formulation l¡rere not signif icantly different

(F = 0.683) at P = 0.05.
3 rl2

Table I0.6 shows the results of the probit analyses

using a common slope for all regression lines for

group C, while the MDUO's are compared at p = g'95

in Figure L0.2.

Comparison of the *50's at p = 0'05 for group C

shows that the more cost effective formulations were

S and BP, while D and G were less effective moribundity

agents.

The MD'O's for F, R and H (group D) were also

compared as the slopes of the probit regression lines

for each formulation were not significantly different

(u2,g = o'339) ât P = o'o5'
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Table 10.6 also shows the results of the

probit analyses using a common slope for all

regression lines for group p while the MD'Ors

are cofnPared at P = 0.05 in Figure ro'2'

Comparison of the -50's at p = 0.05 for

group D shows that F was the most cost effective

formulation while R and H were less effective

moribundity agents.

(iii) Knockdown Data Compared on the Basis of
Concentration of Active Constituent

The data for this comparison are composed

of the observations of knockdown made after 150

minutes of the 2?0 minute exposure tine had

elapsed for each treatment.

Dosage = concentration of active constituentr/

average nitliPede weight-

These data are sunmarised in Appendix XVIII

and the results of the índividual probit analyses

for the data are shown ín Table 10.3'
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TABLE 10.6

The Results of Probit Analyses of ltoribundity of
o. moreTetiÍ Exposed to the Formutated rnsectícides

in grouPs C and D for which
Dosage = Relative cost x loo/Average Millipede Vüeight,

whãre the Relative Cost of applying SepteneK Liqui'd
at the Rate of Lr375.4 ¡ng Carbaryl/m¿ = Lt

using a Conmon SloPe for the
Probit Regression Lines

within each GrouP

Group,C was nade up of the following formulations:

septeneR Liquid (s), BaygonR Sowp (BP),
pecisR 25ec (D) and GrenadeK 2008c (G)

croup D comPrised the following formulations:

FicamR w (F), Ripcord* 2oonc and BaythroidR ¡l (H)
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TABLE 10.6
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FIGURE 10.2

The MD5O's with Confidence Limits (p = 0.05) for Moribundity
of. O. moreletii Exposed to the For¡nulated Insecticides

in Groups C and D for which
Dosage = Relative Cost x l00/Average Millipedg lrleight,

where the Relative Cost of applying Septene" Liquíd
at the Rate of Lrg75.4 mg Carbaryl/m2 = Lt

using a Common Slope for the
Probit Regressíon Lines

within each Group

Group C was made up of the following formulations:
septeneR Liquid (s) , Baygonf eo*e (BP) ,
oecisR 25nc (D) and GrenadeR 20oec (c)

Group D comprised the following formulaÈions:
Fíca¡nR w (F), Ri¡rordR zooec and BaythroidR tt (H)
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Probit analyses on several knockdown data sets'

ví2. ,

X-18 CarbarYl (X),

aaygonR Sowe (B), and

aaygonR 2oo (BE),

were not possible because of the total knockdown of

rnillipedes in most treatments' Maximum KDUO values

have been pro¡nsed for these formulations'

The expected positive linear relationship

between knockdown (probits) and log dosage did not

occur for r,orsburr* 5o"c (LE) and was consequently

not included in the subsequent comparisons of KD5Ors'

Comparison of the KDUO's for the remaining form-

ulations , ví2.,

septeneR Liquid (S),

FicamR w (F),

LorsbanR 25wP (LP),

oecisR 25ec (D),

GrenadeR 2oonc (G),

nipcordR 2oouc (R), and

aaythroidR tt (H) ,

was not made as the slopes of the seven respective

probit regression lines were significantly different

(F6,ZI = 2.383) at p = 0.07, although not at p = 0'05'
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However, comparisons of the 
^o5O's 

within

two grouPs were Possible'

The KDUO's for F, LPt G and R (group E) were

compared as lhe slopes of the probit regression

lines for each formulation râtere not significantly

different (F3,I2 = 0-4271 at p - 0'05'

Tabte I0.7 shows the results of the probit

analyses using a conmon slope for all regression

Iines for group E white the KDUO's are compared

at P = 0.05 in Figure 10'3'

Comparison of the *os.'s at p = 0'05 for

grouP E shows that the mosÈ effective treatments

were G and R. F vtas less effective than G and R'

but more effective than LP, the least effective

knockdown agent.

The KDsors for s' D and H (group F) were also

compared as the slopes of the Probit regression

Iines for each formulation were not significantly

dif ferent (rr,g = 0.8241 at P = 0'05'

Table I0-7 shows the results of the probit

analyses incorporatíng a common slope for all
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TABLE IO.7

The Results of Probit Analyses of Knockdown of
O. moreletii Exposed to the Formulated Insecticides

in Groups E and F for which
Dosage = Concentration of Active Constituentr/Average Millipede ltleight'

using a Corunon Slope for the Probit Regression Lines
within each Group

Group E was made up of the following formulations:
nicamR w (F), Lorsban* zs*n (LP),

crenadeR 2008c (c) and Ri¡:coraR 20onc (R)

Group F comprised the following formulations:

septeneR Liquid (s), Deci"* 25uc (D) and BaythroidR tt (H)

I
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TABLE IO.7
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FIGURE IO.3

The KD--'s with Confidence Li¡nits (p = O'05) for Knockdown of
o?umoreleËii Exposed to the Formulated rnsecticides

in GrouPs E and F for which
Dosage = Concentration of Active Constituent/Average Millipede Weight'

usingaCommonSlopefortheProbitRegressionLines
within each GrouP

Group E stas made up of the followíng formulations:

FicamR w (F), Lorsban* zs*" (LP),
GrenadeR zoonc (G) and Ri¡rcordR 2ooec (R)

Group F comprised the following formulations:

septeneR Liquid (s), Deci"R 25uc (D) and BaythroidR H (H)

't'

I
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regression lines for group F, while the KDUO

are compared at P = 0.05 in Figure I0'3'

Comparisons of the KDUOTs at P = 0.05 for

group F shows that the more effective formulations

were D and H while S was the least effective knock-

down agent.

( iv) Môr ibundi tv Dafa Comna red on the Basis of
Concentrat ion of Actíve Constituent

The data for this comparison are com¡rosed of the

observations of ¡noribundity after 48 hours for each

treatment.

Dosage = concentration of active constituent/

average milliPede weight.

These data are surnmarised in Appendix XVIII and

the results of the indivÍdual probit analyses for the

data are shov¡n in Table I0.4.

Probit analyses on several moribundity data sets'

ví2. ,

X-I8 CarbarYl (X),

LorsbanR 5oEc (LE), and

r,orsbanR 25wP (LP) ,

were not possible because of the total moribundity of

millipedes in most treatments. For these formulations

maximum MDUO values have been proposed'
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The probit analysÍs for naygonR 200 (BE) did

not show the expected positive linear relationship

between moribundity (probits) and log dosage' and

was consequently not included in the subsequent

comparisons of MDUO's.

Comparison of the MD5O|s for the remaining

formulations, viz. ¡

SepteneR Liquid (s),

aaygonR Sown (BP),

FicamR w (F) ,

oecisR 25nc (D),

crenadeR 2oopc (G),

nipcordR 2ooEc (R), and

aaythroidR tt (H) ,

was not possible as the slopes of the respective

probit regression lines were significantly different

(F6,2L= 2'5761 at P - 0'05'

Holrteverr comparisons of the *50's within two

grouPs rrtere Possible.

The MDUO's for S, BP, p and G (group G) were

compared as the slopes of the probit regression

lines for each formulation were not significantly

= 0.683) at p - 0.05.different (F
3,12
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lable 10.8 shows the results of the probit

analyses using a co¡nmon slope for aII regression

Iines for group G while the MD50's are compared at

p = 0.05 in Figure 10.4.

Comparison of the *50's at p = 0.05 for

group G shows that BP, D and G were similarly

effective while S was the least effective insect-

icide formulation.

The MD'O's for F, R and H (group H) were

compared as the slopes of the probit regression

lines for each formulation were not significantly

different (F = 0.339) at P - 0-05.
219

Table 10.g also shows the results of the probit

analyses using a co¡nmon slope for all regression lines

while the resultant MDUO's are compared at p = 0'05

in Figure I0.4.

Comparison of the *50's at p = 0'05 for group H

shows that H vtas more effective than F which $Ias more

effective than R.
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TABLE 10.8

The Results of Probit Analyses of Moribundity of
O. moreTetii Exposed to the Formulated Insecticides

in Groups G and H for which
Dosage = Concentration of Active Constituent/Average Millipede Weight,

using a Common Slope for the Probit Regression Lines
within each Group

croup G was made up of the following formulations:
septeneR Liquid (S) , Baygorr* 80"" (Bp) ,
oecisR 25gc (D) and GrenadeR 2OOnc (c)

Group H comprised the following formulations:
FicamR vù (F), Ripcord* zoosc (R) and BaythroidR ir (H)
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TABLE IO.8
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FIGURE IO.4

The MD.^rs with Conf idence Li¡níts (p = 0.05) for Moribundity of
öi noreletii nxposed to Formulaled fnsectÍcides

ín Groups G and H for which
Dosage = Concentration of Active Constituent/Average Millipede lrleight,

using a Common Slope for the Probit Regression Lines
within each Group

Group G was made up of the following formul-ations:
septeneR Liquid (s), Baygonl eowp (Bp),
oecisR 25gc (D) and Grenade^ 2oouc (c)

croup H comprised the following formulations:
FicamR w (F) , Ri¡rord* 2oo"c (R) and BaythroidR n (H)
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The comparisons of efficacy measured as knockdown and

moribundity againsL o. moreletii of the eleven different

formulated insecticides are su¡nmarised as follows:

R
(a) Septene Liquid (500 g/L carbarYl)

SepteneR Liquid compared very poorly

with t,he other formulated insecticides and

overall was the least effectíve formulation,

its only advantage being comparatively low

in cost.

SepteneR Liquid was the teast effective

formulation in its groups for knockdown

(groups A and F) and moribundity compared on

the basis of concentration of active constit-

uent (group G), but Ì{as one of the most cost

effective moribundity agents (group C).

(b) X-I8 CarbarYl (800 g/kg carbarYl)

X-I8 Carbaryl was more effective than

SepteneR Liquid, the other carbaryl based

formulation and compared favourably with

other formulations for both knockdown and

mor ibund ity.
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X-I8 Carbaryl caused I00 percent moribundity

in aII treatments unlike SepteneR Liquid which

achieved 80 percent moribundity only at the

highest concentration of 5r501.6 mg carbaryL/mz'

X-18 Carbaryl was also among the most cost

effective knockdown formulation in group A for

which SepteneR Liquid was the least cost effect-

ive formulation.

The effectiveness of X-18 Carbaryl as a

knockdown agent is further supported by the

total knockdown of millipedes exposed at the

three highest concentrations of X-18 Carbaryl

used.

(c) BavgonR SowP (8oo g/kg ProPoxur)

BaygonR 801{P was consistently among the

most effective knockdown and moribundity agents'

BaygonR 80vüP was among the most cost effective

knockdown and moribundity agents in group A and C

respectively, and caused I00 percent knockdown at

aII but the lowest concentration of propoxur used

after I50 minutes. BaygonR 80WP was also one of

the ¡nost effective in its group for moribundity

compared on the basis of concentration of active

ingredient (grouP G).
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R
(d) Bavqon 200 (2I8 g/L Propoxur)

BaygonR 200 was an effective knockdown

agent, but knockdown and moribundity did not

appear to be related to the concentration of

propoxur at which the millipedes were exposed'

BaygonR 200 caused knockdown as quickty as

any formulation in group A (including Baygon

8OvùP) for which dosage was calculated as a

R

function of exposure time. The knockdown and

moribundity of millipedes exposed to BaygonR ZOO

(where dosage was calculated as a function of

concentration or cost of active constituent) were

not compared with the other insecticidal formul-

ations because BaygonR 200 did not show the

expected positive linear relationship between

moribundity or knockdown (probits) and log dosage'

(e)

Therefore comparison of BaygonR 200 with

other products including BaygonR 80WP was

severely limited.

FicamR w (80o g/kg bendiocarb)

FicamR W was among the most effective mori-

bundity agents and one of the most cost effective

knockdown agents.
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FicamR !{ was the most cost effective formul-

ation for moribundity in group D' It was also

among the most effective knockdown and moriburtdity

agents in group A (formulations compared at the

same cost of treatment) and group H (dosage calcul-

ated as a function of concentration of insecticide)

respect iveIY.

(f) LorsbanR soEc (5o0 q/L chrorpyrifos)

LorsbanR 50EC compared favourably with other

formulations for moribundity, but knockdown did

not aPpear to be related to the concentration

of chlorpyrifos to which the millipedes were

exposed.

LorsbanR 50EC caused 100 percent rnoribundity

in alt treatments, but it did not show the expected

positive linear relationship between knockdown

(probits) and log dosage where dosage was calcul-

ated as a function of concentration of chlorpyrifos'

LorsbanR 25!vP (250 s/ks chlorpyrifos)(s)

LorsbanR 25WP compared favourably with other

formulations for moribundity, but compared poorly

as a knockdown agent.
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LorsbanR 25wP caused I00 percent moribundity

in all but one treatment, but was the least

effective knockdown agent compared on the basis

of concentration of active íngredient in group E'

comparison of LorsbanR 50EC with LorsbanR 25wp

was severely limited because both caused total or

near total moribundity in atl their respective

treatments, and knockdown did not appear to be

related to concentration of chlorpyrifos for

LorsbanR soEc.

Comparison of these two formulations was only

possible for knockdown at Èhe same cost of treat-

ment (group B) for which the two formulations

performed simil-arlY.

pecisR 25sc (25 g/L deltamethrin)

DecisR 25EC was not among the most cost effect-

ive knockdown or moribundity agents because of its

comparatively high cost, buL when efficacy was

compared on the basis of concentration of active

constituent Decis R 25EC was among the most effective

knockdown and moribundity agents'
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DecisR 25EC was among the most effective

knockdown and moribundity formulations in

groups F and G respectively, compared on the

basis of concentration of active constituent.
RR

Hoïrever, Decis^' 25EC was second only to Septene

Liquid as the least cost effective knockdown

formulation, and with GrenadeR 2O0EC was the

least cost effective moribundity agent in

group C.

(i) Grenade
R 2008c (2OO g/L cYhalothrin)

crenadeR 2ooEc like the other synthetic
Rpyrethroid insecticide Decis 25EC was not

among the most cost effective knockdown or

moribundity agents because of its comparatively

high cost, but compared favourably with the other

formulated insecticides on the basis of concen'

tration of active constituent.

GrenadeR 2O0Ec vJas among the most effective

knockdown and moribundity for¡nulations in groups

E and G respectively, compared on the basis of

concentration of active constituent' GrenadeR

2OOEC, however, vJas only as cost effective as

DecisR 25Ec at causing moribundit'y in group C'
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(i) nipcordR 2oogc (20O g/L cyPermethrin)

nipcordR 2O0Ec, another synthetic pyrethroid

also only compared favourably for both knockdown

and moribundity with other formulations on the

basis of concentration of active constituent,

but not on cost of treatment.

D
Ri¡rcord^ 2OOEC was less cost effective as a

knockdown agent than X-18 Carbaryl, BaygonR 80wP

and Baygon* 200 in group A and was less cost

effective than Ficam* w ." a moribundity agent in

group D. ni¡rcordR 2OOEC was, however' among the

most effective knockdown and moribundity formulations

in groups E and H respectively compared on the basis

of concentration of active constituent.

(k) BavthroidR H (100 g/kg FcR 1272)

BaythroidR H, Iike the three synthetic pyreth-

roids mentioned previously, compared favourably for

both knockdown and moribundity on the basis of

concentration of active constituent.

Baythroid* H or.= among the most effective

knockdown and moribundity formulations in groups

F and H respectively. Little weight should be

attached to the comParisons of knockdown and

moribundity using cost of treatment because of the

arbitrary way in which the cost for this formulation

was calculated (see Table I0.I).
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IO.4 DISCUSSION

Hadaway, Barlow and Duncan (1963) reported that the

initial toxicities of deposits of wettable powders of

malathion and fenthion were greater than those emulsions

on a gÍven surface.

Similar effects l{ere expected when comparing the

efficacy against o. morefetii of the different formul-

ations of the same active constituents in this experinent.

Greater superficial deposits are possible with wettable

powders than with emulsifiable concentrates because the

Iiquid emulsions are capable of wetting the surface of

each glass fibre of the !{hatman GF/A filter paper' Such

an even distribution of active constituent is unlikely

with the wettable powders because the retention efficiency

of !{hatman GF/A's is l.6rrem (Whatman 1980) and since wettable

powders have a high proportion of partictes only less than

Slrm (Matthews 1979) many particles will be caught at or near

the surface of the filter paper, biasing the distribution of

active constituent towards the filter paper surface upon which

the millipedes are exPosed.

However, comparisons of efficacy againsE o. moreTetii

between pairs of different formulations containing the same

active constituent, viz., Septen.R 
"iq,.rid 

and X-18 Carbaryl,
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BaygonR 80wP and BaygonR 200, and Lorsban

LorsbanR 25wP, were inconclusive because

data generated was limited.

R 5onc and

the amount of

ttost treatments in which the millipedes were exposed

to x-I8 Carbaryr, BaygonR 8OwP, LorsbanR 50EC or LorsbanR

25WP, resulted in 100 percent moribundity of the millipedes

soexposed.Thesedatawerenotstatisticallycomparable.

The knockdown and moribundity data for the millipedes

exposed to Lorsba.,* 50uc and Baygo"* 2oo respectively did

notshowtheexpectedpositivelinearrelationshipbetween

knockdown or moribundity (probits) and log dosage, where

dosage was calculated as a function of cost of treatment

or concentration of active constituent' These data were

not statistically comparable either'

Therefore the remaining data sets which could be com-

pared were few and the influence on efficacy of the physical

properties of the formulations vtas not determined'

An important aspect for selection of insecticides is

toxicityorhazardtotheapplicatorandnon-targetanimals'

particularlyinthedomesticsituationwheretheinsecticide

is likely to be used by untrained personnel'

Table 10.9 lists the acute oral and dermal 
"o50's 

(for

rats) for each insecticide active constituent, and the poison

schedule for each formulation used in Experiment V'
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TABLE IO.9

The Acute OraI and Derrnal LD50's (for rats) for the

rnsectic ide Activõ-Constituents
(!{orthing 1983' Baver F.L'ï 42/8442191

and the Poison Schedules of the
Respective Formulations (l{H & MRC 1985)

used in ExPerinent V

X-I8 CarbarYl

LorsbanR soEc

Baythroid

Ri¡rcord 20oEc

Grenade 2008c

Decis 2sEC

Lorsban 25WP

200

8owP

Septene Liquid

H
R

R

R

R

R

Baygon
R

Baygon
R

rica¡nR w

500 g/L
carbarYl
800 s/ks
carbarYl
800 s/kg
propoxur

2LB s/L
Propoxur
800 ç¡,/k9

bendiocarb

5oO s/L
chlorPYr ifos

2so g/kg
chlorPYr Ífos

25 s/L
deltamethrin

2oo s/L
cyhalothr in

2oo s/L
cypermethr in

I00 e/ks
ECF. L272

135-s000

251-4123

s00-1200

L44-243

135-I63

135-r63

40-156

90-r28

90-r28

850

850

800-r000

800-r000

> s000

> 2400

) 2000

c.2000

c. 2000

566-600

> 4000

> 4000

5

6

7

7

6

6

6

6

6

6

6

Formulation
Active

Constituent
OraI LD5g

(mslks)
Dernal LD5g

(mS,/kS)

* Poison
Schedule

* The intrinsic toxicity and hazards of use of pesticides are

signalled via the poison schedule' Schedules containing

pesticides are, in increasing degree of hazardr 51 6 and 7'
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R
Schedule 7 poisons, including Decis 25EC and

GrenadeR 2oogc are too hazardous to be used by untrained

personnel and could only be used in the domestic situation

against millipedes by qualified Pest control Operators.

The fornulation which offers the greatest margin

for safety to the applicator combined with efficacy

against o. morefetji is aaythroidR H.

This experiment, and all others in this thesis were

conducted at aþproximately 2Oo c. o. moreTetji are likely

to encounter insecticides at lower temperatures in the

fieId.

þrrethroids have a greater insecticidal effect when

the temperature is lowered, i.e', they have negative

temperature coefficient (Blum and Kearns 1956) so the

favourable performance of the synthetic pyrethroids is

likely to be further enhanced at lower temperatures'
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r0. 5 CONCLUSIONS

The most effective knockdown and moribundity agents

against O. morefeËii compared on the basis of concentration

of active constituent were the synthetic pyrethroid formul-

ations , ví2., DecisR 25¡¡c, GrenadeR 2oopcr RipcordR 2oogc

and BaythroidR H.

When the cost of treatment formed the basis of comparison

of effectiveness against o. moteTetjj the cheaper carbamate

insecticides x-t8 Carbaryl, BaygonR SowP' BaygonR 200 and

FicamR W were the most effective knockdown and moribundity

agents.

The organophosphate insecticides LorsbanR 50EC and

LorsbanR 25Vtp were cost effective moribundity agents

against O. moreTetii, but they performed poorly as knock-

down agents.

Comparison of the differences in efficacy against

O. morefetji between different formulations containing the

same active constituent , ví2., SepteneR t'iquiO and X-18

carbaryr, BaygonR gowp and BaygonR 200 and LorsbanR 5oEc

and Lorsbun* 25*" were inconclusive, so the influence on

efficacy of the physical properties of the formulations

was not determined.

I

i

I

I

T

d

I
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11. FUTURE DIRECTIQNS FOR RESEARCH

The laboratory biological assay developed in this thesis

for O. moreietii will enable a wider range of insectícides to

be screened relatively precisely and quickly for their efficacy

against O. norefetij in the future.

Hov¡ever, the most promising control agents selected in

such biological assays need to be evaluated in more expensive

small-sca1e fietd trials.

considering the data from experiments in this thesis, which

products warrant further investÍgation as potential control

agents for millipedes?

As potential barrier treaLments, the synthetic pyrethroids

vrere found the most effective knockdown and moribundity agents.

of the four tested, BaythroidR H and nipcordR 2OOEC are the

least intrinsically toxic and least hazardous to use. This

is an important consideration as most millipede control

measures would be carried out by untrained personnel.

ni¡rcordR 20ogc and BaythroidR H shourd therefore be invest-

igated as potential barrier treatments for millipede control.

Hovtever, when costs of treatments are considered, there

was sufficient evidence to suggest that Ficam

products are also worthy of further study.

R
W and the BaygonR

'I
iJ
.,"

l
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Atthough LorsbanR 50Ec and LorsbanR 25!{p performed

poorly as knockdovrn agents, their performance as noribundity

agents to millipedes suggests that they may be useful control

agents where knockdov¡n is a less inportant consideration of

efficacy than moribundity. such situations would include

rnillipede breeding and feeding areas such as leaf litter and

coÍrpost.

Thus LorsbanR 5osc rather than the more exPensive LorsbanR

25WP should also be further investigated for ¡nillipede control.

I

I

I

I
ri
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APPENDIX I

Johnsonrs Orchid Potting Mix

ilohnsonrs Orchid Potting Mix is a coarse, open potting mix

composed chiefly of pine bark, rice husks and synthetic water

absorbent IsoliteR beads.

This nedium was found suitable for holding nillipedes for

at least one monthr and being loose and clean' facilitated easy

location and removal of millipedes for use in the experiments.
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APPENDIX TI

In several storage bins, a number of millipedes became

Ínfested with the mite, HistÍostona feroniatium, or a nematode

(as yet unidentified) or both.

Plate A

Shows Il. feroniati¡¡¡n mites and the unidentified nematodes

on a millipede cadaver.

Plate B

shows various stages of the unidentified nematode in the

fluid surrounding a ruptured millipede cadaver'



Plate A

Plate B
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H. feroniarium mites and an unidentified nematode on
a millipede cadaver

Various stages of the unidentified nematode in fluid
surrounding a ruptured millipede cadaver
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APPENDIX III

MACRO PROB

The proportion of millipedes affected and the dosage were
transfÖrmed to probits and log dosage respectively
and critical dosage levelst ê.9.r KD5Or calculated

using the GLM program MACRO PROB

developed by Mr. P.I. McCloud.

Probit regression Iines were calculated using MACRO PROB

and values with standard errors for the intercept, slope
and 50 percent responselpointr e.g., KD5O were calculated
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ñACRO PROB

iCALC LX - ILOG<X, / /LOG(10)
¿ PcY/N
: Q-l-?
: EPË5+/Nn(P)
: fL 3 XNÍI<XL/IOO) + 3

TYVAR EP
IFIT : +LX 1
.DIS ER
TEXTRACT 

'PE¡CALC )!C = IPE(ll .. IB = XPe<z,
ll'l - (íL-XC, / ,!8
u r (.rEXP(-O-5*(fFV-5)*f2r' *x2/ <2*XpÍ' / <p*8)
NU=NrU
NUX-NUr¡¡
NUXZ=NUXTLX
fS = /CU(NU)
fT = .|CU(NUX)
XX=lT/XS
fZ = |CU(NUX2)
XQ=lZ-(lfxx2¡713
lv - (l/Is + (ÍÌ,|-lx) *x2 / u, / <x8x*2¡
lE = ÍSQRT<ZV,
fO = 10 rr Í11
fU=.rOrfLOc(lO)r.fE

TOUTPUT ó 130
IPRINT/'XLOG(X)YNEP
TLOONXLXYNEPPAl
TPRINT/" U NU NIJLOG(X) NULOG(X)TI2'
tLOOK U NU NUX NUX2t
iPRINT./' INTERCEPT =' IC , SLOPE -, ÍB
aPRINT:' ESTII{ATE OF LOO Ln' 12 X! . -. rS tt{
TPRINT:' ESTIIIATE OF VARIANC€ OF LOG Ln" 12 11 , c. ri ,lV
TPRINT¡'ESTII.IATE OF STANOARD ERROR OF LOC Lrì, r? Xt. -.
iPRINT:' ESTIIIATE OF LD' 12 fl' r' 15,YO
TPRINT:' APPROXIT'IATE ESTIÌ,IATE OF THE SE OF TH€ Ln, 12 Ít
TOUTFUT ó gO
TFLOT EP fFU LX I

F

15 lE

'.'rg fU

1-P'
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APPENDIX IV

MACRO LDCOM

comparisons of toxicity between different insecticides
were nade when the slopes of the respective

probit regression lines were similar
using the GLIM Program MACRO LDCOM

develoPed bY Mr. P.I. McCIoud

MACRO LDCOI¡I calculated the values with standard errors
for the intercept, conmon slope and 50 percent

response point¡ ê.9., KD5O for each data set compared
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tñAcRo Lncoñ I

TCALC LX - /LOG(X, / ÍLOG(lO) I

7-f/Nl
E L-P I

5 + ,rNtr(P) I
rl{tt(lL/too, +

3YVí1R EP
iFIT:+12+LX-tCñI
¡trls ER t

TEXTRACT TPE I

rvAR2Cr{STX2Z U2VEOU I

TCALC C(l ) = X?E<l) ¡ C(2) - X?€.(2) z XÍt = fPE(3) I

: l{=(fL-Ct/XBl
: U = (ÍEXP(-O.5 r (fFV-s)*r2) )xr2 ¡ <2*IPl) ./ (PrO) I
: NU=NrU!
: NUX=NU*LXt
: NUX2=NUX*LXl
: S=O !

: S(I2l = S(/2) + NU I
:T=O!
: T(I2l = T<12, + NUX !

= X2=f/Sl
z Z =O !

z z(12) = Z(Xz' + NUX2 !
-. U2=l_ (T**2) /Sl
: V = (l/S + (t1-X2)xx2 / U2, / (XB xx 2¡ !

: E=ÍSQRT(V) I

:O=1O*rll!
: UÉOTÍLOG(1o)TEI

¡OUTPUT ó 13O !

îPRINT/'X LOG(X' Y N EP P T-P'!
¡LOOKXLXYNEPPOl t
TPRINT/' U NU NIJLOG(X) NULOG(X)**2 '!
TLOOK U NU NUX NUX2îI
îFRINT/"INTERCEPT '!
ILOOK C r !

TPRINT:'SLOPE.'.l8t
TPRINT:'ESTIi{ATE OF LOG LD'12 .tll
îLOOK ñ3 !
TPRINT:,ESTITIATE OF VARIANCE OF LOG LN, 12 ,T1!
rLoot( vr I
TPRINT:"ESTIttATE OF STANDARD ERROR OF LOG Ln'12 Í11
tLooK €1 I

TPRINT: "ESTII1ATE OF Lt' 12 Xtl
SLOOK Or I

IPRINT:"AFPROXIiIATE ESTII1ATE OF THE SE OF THE Ln'12 fll
0LooK ur I
îVAR 1 SE
TCALC f0 - (C(1)-C(2), / XB I

¡ sE-ISORT((1/S(1r+l/S(2)+(X2(1)-X2(2)-¡n)rr2/(U2(l)+U2(2rrr/<t8rr2¡¡ !

TPRINT:'tìIFF€RENC€ BETUEEN LD' ¡2 XL ' = ' fn !

TPRINT:-STANDARIì ERROR OF TIIFFERENCE =. SE 3!
TENNHACRO I

IRETURN I

ê

0
EP
XL

G

I
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APPENDIX V

The effects on male and female millipedes of one hour
exposure to various concentrations

of carbarYt in ExPeriment I

The nunber entered is the number of millipedes per treatment (out of five)
which $tere:

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Female Data

0

I
2

4

I
24

48

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

IA

IA

1A

IA

0

0

MaIe Data

0

I
2

4

I
24

48

22.0r110. 03sso. 162 ,750.8L3 ,754.0Time (hours)

concentration in mg a.c.r/m2

R Liquid (5OO g/L carbarYl)Septene

A affected
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APPENDIX V (cont. )

The effects on male and female millipedes of one hour
exPosure to various concentrations

of chlorPYrifos in ExPeriment I

The number entered is the number of millipedes per treatment (out of five)
which vJere:

affected
mor ibund

A

M

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

IA

IM

TA,lM

0

0

0

0

0

1A

IM

0

0

0

2A

5A

2Ar 3l'1

4M

Female Data

0

I
2

4

I
24

48

0

0

3A

5A

34,2¡4

IA,4M

IA,4M

0

0

0

0

lA,IM
31"1

4M

0

0

0

4A

lAr 4M

5M

5M

0

0

0

0

1A

2Ar2t'4

IA,3M

0

0

2A

3A,lM

3Ar 2M

4M

4M

l,tale Data

0

I
2

4

I
24

48

22.0Ir10.035s0. 162 ,750.8L3 ,754.0Time (hours)

concentration in mg a.c.r/m2

f,orsb.nR 5onc (5oo g/L chrorpyrifos)



-158-

APPENDIX V (cont. )

The effects on male and female millipedes of one hour
exposure to various concentrations

of deltamethrin in Experiment f

The number entered is the number of millipedes per treatment (out of five)
which r.¡ere:

affected
moribund

A

M

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

5A

5A

5A

5A

5A

5A

Female Data

0

I
2

4

I
24

48

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3A

IA

IA

0

0

0

5A

5A

5A

5A

4A,IM

4A,IM

Male Data

0

t
2

4

I
24

48

o.22I.I5.527.5rL37.54Time (hours)

concentration in mg a.c./m2

DecisR 25Ec ( 25 g/L dertamethrin)
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APPENDIX VT

The stadial age of the rnillipedes used in Experiment I
determined by the ocular fj.e1d ¡nethod

6

37

r00

22

5

I
9

10

I1
L2

Numbe r of MillipedesStadium

The mean stadial age sras 9.9 1 0-774



The knockdown of male and female millipedes exposed to
L31754 mg carbaryL/n2 (Treatment s1)

for eight hours in Experiment If
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APPENDIX VII

= dosage time in minutes

= number of mitlipedes exposed

= number of millipedes knocked down

= values used in probit analyses

n

r
*

15

t5
I5

*14

*1I
*8
*3
*3
*2
*l
*I

0

0

0

0

15

15

15

I5

I5
*14

*13

*r0
*'l
*4
*4
*3
rc2

0

0

I5
15

15

I5

15

15

I5
I5
15

15

15

15

15

I5
I5

2.68L

2.623

2.556

2.5L9

2.477

2.43L

2.380

2.322

2.25s

2.]-76

2.079

1. 9s4

L.778

L.477

480

420

360

330

300

270

240

2r0

180

150

L20

90

60

30

0

r
(females)

r
(males)nlo9 À



The kni¡ckdown of nale and fema'le millipedes exposed to
L'g75.4 mg carbarylr/m2 ltreatment 52)

for eight hours in ExPerinent II
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APPENDIX VII (cont. )

- dosage time in mÍnutes

= number of millipedes exPosed

= number of millÍpedes knocked down

= values used in probit analYses

n̂

r
*

15

15

t5
15

15

15

15

*13

*L2

*9
*4
*I

0

0

0

15

15

t5
t5
15

I5
15

*13

*10

*7
*6
,.2
t2
*I

0

I5
I5
15

I5
I5
15

15

r5

I5
I5
15

I5

15

I5
I5

2.68L

2.623

2.556

2.5L9

2.477

2.43I
2,380

2.322

2.255

2.]-76

2.079

1.954

L.778

L.477

480

420

360

330

300

270

240

2r0

180

150

120

90

60

30

0

t
( females )

Ê

(naIes)nlos \



The knockdown of male and fçmale millipedes exposed to
chlorpyrifos/m¿ (Treatnent L)

for eight hours in ExPeriment If
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APPENDIX VII (cont.)

- dosage time in minutes

= number of millipedes exposed

= number of millipedes knocked down

= values used in probit analyses, the
numbers in brackets were substituted
as approximations for the probit
analyses where shown

n

r
*

15

I5
l5

*14

*9
*5
*I
*1

0

0

0

0

0

0

0

I5
15

15

*15

*14

*11

*7
*3
*0

0

0

0

0

0

0

(14.s)

(0. s)

15

15

I5
15

I5
I5
15

t5
I5
I5

15

15

I5

15

15

2. 681

2.623

2.s56

2.5L9

2.477

2.43L

2.380

2.322

2.255

2.t76
2.079

r.954
L.778

L.477

480

420

360

330

300

270

240

2r0

r80

150

L20

90

60

30

0

r
( fenales )

t
(maIes)nlos À

^



The knockdown of male and femalç millipedes exposed to
27.5L mg deltamethrin,/m' (Treatment D)

for eight hours in ExPeriment II
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APPENDIX VII (cont. )

- dosage time in minutes

= number of millipedes exposed

= number of millipedes knocked down

= values used in probit analyses, the
numbers in brackets were substituted
as approximations for the probit
analyses where shown

n

r
*

15

15

t5

15

t5
15

15

15

t5
15

*15

*r0
,(2
*0

0

(14. s)

(0. s)

t5
I5
t5
15

I5
15

15

I5
I5
15

*15

*14

*5
*0

0

(14.s)

(0.s)

15

I5
I5
15

15

15

15

15

I5
15

I5
15

I5
15

I5

2.68L

2.623

2.556

2.5L9

2.477

2.43L

2.380

2.322

2.255

2.t76
2.079

t. 9s4

L.778

L.477

480

420

360

330

300

270

240

2L0

r80

150

L20

90

60

30

0

r
(females )

r
(males)nlo9 À
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ÀPPTNDIX VIII

The condftlon of the male and female mitlipedes whether knocked down,
morfbund or recovered, exposed for eÍght hours to three

insecticides from dffferent chemical grouPs'
28 and 48 hours after exposure in

Experiment II

number of millipedes exposed

knocked down

mor ibund

recovered

n

K

M

R

3R, I2K

9R,6K

I4K, lt'f

l4K, L[,f

I5

I5

27.51 mg

deltamethrin/m

27.5I mg

deltamethrin/n

2

2

D male

D female

I5M

2K, I3M

l5M

4K r l3t't

t5

I5

110.3 m9

chlorpyri f.os/m¿

110.3 m9

chtor$yri f.os/m¿

L male

L female

I5M

IR,l4tt

l_5M

2K, 13t't

t5

15

L,375.4 mg

carbaryL/m2

1,375.4 mg

carbaryl/mo

S, male

s
2

female

l5M

3Rr 4K r 8t't

151*l

9Kr7M

T5

I5

13,754 mg^
carbaryL/m¿

13,754 mg

carbarylr/m 2

S, nale

S I female

Response
Millipedes after

{8 hours

Res¡ronse of
Millipedes after

24 hoursn
Concentration of
Àctive ConstituentTreatment
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APPENDIX IX

The stadial age of the millipedes used in Experi¡nent I
determined by the ocular field method

L2

80

4L

7

9

IO

I1
T2

Number of MillipedesStadium

The mean stadial age was IO.3 t 0.698
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APPENDIX X

The knockdown and moribundity after 48 hours
of male and female miltipedes exposed to
L1375.4 ¡ng catbaryL/m2 for various times

in ExPeriment III

IvlaIe Data

Female Data

À
n

r
*

= dosage time in minutes

= number of millipedes exposed

= number of millipedes either knocked down or moribund

= values used in probit analyses, the numbers in
brackets were substituted as approximations for
the probit analYses where shown

*25 (24)
rr22

t24
*II
*1

*25

t25
*25

*4
*0

(241

(24',)

(24',)

(r)

25

25

25

25

25

2.623

2.477

2.255

2.079

L.778

420

300

r80

L20

60

r
(mor ibund i ty)

t
(knockdown)nlog

rr22

r<2I

*rl
*7
*0 (r)

*25 (241

*24

*19

*5
*0(r)

25

25

25

25

25

2.623

2.477

2.255

2.079

L.778

420

300

180

l-20

60

r
(inor ibundity)

r
(knockdown)nlog

^
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APPENDIX XI

Knockdown and moribundity observations for male and female
miLlipedes exposed to Ir375.4 mg carbaryl/m2

for one, two and three hours
in Experiment III

The number entered is the number of millipedes per treatment
(out of 25) which were:

= knocked down

= moribund

= recovered

K

M

R

I

.I

rtf

,1J

0

0

0

IK

1K

8K

l9K

22K

20K,2R

21K, IR

2IK, IR

2IK'IR'1¡,1

l9K, IR,3M

8K,4Rr lll4
rK, lIR, ll¡4

0

3K

6K

IOK

t6K

22K

25K

25K

25K

25K

20K, 5M

I7K,8M

I4K r IlM
LKr24M

IK,24M

0

0

0

2K

5K

6K

6K

7K

7K

7K

5Kr2M

5K 
' 

2l"l

5Kr3M

2K,IR,5M

lRr 7M

0

0

IK

2K

4K

8K

T3K

14K

14K

14K

l3K r lR

I3Kr 2R,lM

10K, 4R, 2M

IK, 4R, IIM

5R,IIM

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

IK

1K

1K

1K

1K

1K

1K

IK

1K

IK

IK

Ltt'I

0

30

60

90

L20

150

180

2L0

240

270

300

360

420

24 hours

48 hours

Femalel4aIeFemaIeMaIeFemaIeMale

Observation
Time
(minutes)

Three Hour ExposureTvro Hour ExposureOne Hour Exposure
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APPENDIX XI (cont. )

Knockdown and moribundity observations of male andrfemale
millipedes exposed to 1r375.4 mg carbaryl/n-

for five and seven hours
in Experiment III

The number entered is the number of millipedes per treatment
(out of 25) which $rere:

knocked down

moribund

recovered

K

M

R

t

0

0

0

0

0

5K

L2K

13K

I9K

25K

23K,214

23Kr2M

l_8K, 7M

4K r 2Rr 19M

3P.,22M

0

2K

2K

4K

8K

22K

25K

25K

25K

25K

21K 
' 

4tvl

17K,8M

l3K, r2M

3Kr22vI

251'l

0

0

0

0

2K

6K

IIK
I5K

I8K

22K

23K,]M

I6K,8M

I6K,8M

2K,2F-,.2014

3Rr 2lM

0

0

IK

3K

8K

13K

I7K

23K

25K

25K

22K,3t4

20K,5M

14K,11"[,f

3Kr22M

3Rr22M

0

30

60

90

L20

150

180

2LO

240

270

300

360

420

24'hours

48 hours

FemaIeMaleFemaleI{aIe

Observation
Time
(minutes)

Seven Hour ExPosureFive Hour Exposure

,t

rùl
,ii
¡
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APPENDIX XII

The stadial age of the millipedes used in Experiment fII
determined by the ocular field method

The mean stadial age rlas IO.I t 0.716

I
46

L77

67

I
I

I
9

10

1I
T2

13

Number of MillipedesStadiun

I
I

i
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APPENDIX XIII

The knockdown and moribundity after 48 hours
of male and female millipedes exposed to
Ir375.4 mg carbaryL/m¿ for various times

in ExPeriment IV

Male Data

Female Data

*25

*25

*L7

*5
*16

*5
*3

(24)

(24)

t25
*23

*13

*l
*L2

*2
*l

(241

(t)

25

25

25

25

25

25

25

3.343

3.246

3. r34

3. 079

3.4L2

2.9l-6

2.754

2,200.70

I,760.56
r,362. I8
1,198.63

I,027.40
825. 083

568. 182

0.1r36

0.1136

0.1248

0.1168

0. 1168

o.L2I2
0.L232

2.3979

2.3010

2.2304

2.L46L

2.0792

2. 0000

t. 845I

250

200

r70

140

L20

100

70

r
mor ibundity

r
knockdownn

log
(^/wL'l(Vwt)

wt
(grams )Iog À^

*19

*13

*0(r)
*5
*5
*2
*l

*25

r<24

*2
*3
*7
*0
*0

(24)

(r)
(t)

25

25

25

25

25

25

25

3.27L

3.074

2.906

2.902

2.863

2.7s3

2.510

1,868. 33

r,r86.44
805. 085

797. r0r
728.988

s66.343

323.74L

0.2248

0. 2360

0.2360

0.2760

0.2332

0.2472

0.2780

2.6232

2,4472

2,2788

2.3424

2.2304

2. 136I

L.9542

420

280

r90

220

r70

140

90

r
mor ibundity

r
knockdownn

1o9
(ÀrZwt)(L/wq

wt
(grans )IoS À

X
wt

n

r
*

= dosage time in minutes
r average millipede weight

= number of millipedes exposed

= number of millipedes either knocked down or moribund

= values used in probit analyses, the numbers in brackets
were substituted as approximations for the probit
analyses where shown
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APPENDIX XIV

Knockdown, moribundity and recovery observations
of male and female millipedes exposed to
L'375.4 mg carbaryl/m2 fot various times

in Experiment IV

Male Data

Female Data

3M

5M

16M

5M

17M

251'L

2stn

1M

5M

I6M

5M

2K, I5M

25M

IK r24l'l

0

2R

L2R

1K

I3K

23K

25K

0

0

0

0

0

0

0

70

r00

L20

140

170

200

250

Response
after

48 hours

Response
after

24 hours

Response
at time

(r)

Response
at

t=0

Observation
time (t)
(minutes)

IM

2tn

2R,5M

2R

5M

ITR, I3M

6R,I9M

IK

1K

rK,2Rr 4M

2R

IK,4M

9K r 9R, 8M

10K,IR,14M

0

0

7K

2R

3K

24K

25K

0

0

0

0

0

0

0

90

140

r70

r90

220

280

420

Response
after

48 hours

Response
after

24 hours

Response
at time

(t)

Response
at

t=0

Observation
time (t)
(minutes )

The number entered is the number of millipedes per
treatment (out of 25) which were:

l( = knocked down
M = moribund
R = recovered
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The stadial age of the nillipedes used in Experinent Iv
determined by the ocular field nethod

XV

The mean stadial age was I0'1 ! oJez

I
9

10

11

T2

6

69

2L4

96

I5

Stadíu¡n Number of MilliPedes
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APPENDIX XVI

Knockdown observations for male and female o. morefetii
exposed to eleven different formulated insecticides

compared at the same cost of treatment in Experiment V

The concentrations of each insecticide fornulation
corresponded in cost to the cost of applying .)

SepteneR Liquid at the rate of Ir375.4 mg carbarylr/m-

- dosage time Ín minutes
= number of millipedes exPosed
= number of millipedes knocked down

= the numbers in brackets were substituted as
approximations for the probit analyses where
shown

À
n
r

( )

30 (2e)
2L
I3

6

I

30
30
30
30
30

L,022.6
766.94
639. 1r
5tr. 29
383.47

0.2347
0.2347
0.2347
0.2347
0.2347

240
r80
150
t20

90

LE

30 (29)
30 (2s)
28
I6

2

30
30
30
30
30

669.94
535. 95
401.97
267.98
133.99

0.2239
0.2239
0.2239
0.2239
0.2239

150
]-20

90
60
30

F

30 (2e)
29
29
23
0 (1)

30
30
30
30
30

636.94
s09. s5
382.L7
254.78
L27.39

0.2355
0. 2355
0. 2355
0.2355
0. 2355

r50
L20

90
60
30

BE

30 (2sl
28
26
20

3

30
30
30
30
30

635. 86
508.69
381.52
254.35
L27.L7

0.23s9
0.2359
0. 2359
0.2359
0. 2359

r50
L20

90
60
30

BP

30 (29',)

28
26
20
0 (r)

30
30
30
30
30

6L7.79
494.23
370. 68
247.L2
r23.56

0.2428
0.2428
0.2428
0.2428
0.2428

150
r20

90
60
30

x

23
18
13

7

3

2

30
30
30
30
30
30

L,079.6
809.72
674.76
539.81
404.86
269.9L

0.2223
0.2223
o.2223
0.2223
o.2223
0.2223

240
180
150
L20

90
60

S

r
knockdownnÀ ¡wt

weight
(gr ams )\Formulation
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APPENDIX XVI (cont. )

Knockdown observations for male and female O. norel_etii
exposed to eleven different formulated insecticides

compared at the same cost of treatment in Experiment V

The concentrations of each insecticide formulation
corresponded in cost to the cost of applying 

^SepteneR Liquid at the rate of Ir375.4 mg carbaryL,/m¿

29
29
28
22

7

30
30
30
30
30

74L.3s
6L7.79
494.23
370.68
247.L2

0.2428
0.2428
0.2428
0.2428
0-2428

r80
rs0
L20

90
60

H

29
29
29
t8

7

30
30
30
30
30

796. 81
664. 0r
531.2r
398. 41
26s.60

0.2259
0.2259
0.2259
0.2259
0.2259

180
ts0
1.20
90
60

R

29
26
23
1I

4

30
30
30
30
30

L,07L.9
803. 93
669.94
535. 95
40l-.97

0.2239
0.2239
o.2239
0.2239
o.2239

240
180
150
L20

90

G

29
27
25
23
15

2

30
30
30
30
30
30

L,023.9
767.92
639. 93
511.95
383.96
255.97

o.2344
0.2344
0.2344
0.2344
o.2344
o.2344

240
180
150
L20

90
60

D

29
26
13

6

I

30
30
30
30
30

1, 031. 8
773.86
644. 88
515.91
386. 93

0.2326
0.2326
0.2326
0.2326
0.2326

240
180
150
L20

90

LP

r
knockdownnÀ /wE

weight
(grams)ÀFormulation

n

r

- dosage time in minutes

= number of millipedes exposed

= number of millipedes knocked down
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APPBNDIX XVII

Moribundity observations for male and female O. morel-etii
exposed to eleven different formulated insecticides

compared on the basis of cost of treatment in Experiment V

Dosage = relative cost x 100/average millipede weight,
where the relative cost of applying SepteneK Liguid

at the rate of Lr375.4 mg carbarylr/m2 = L

30
30
30
30
30

30
30
30
30
30

L,9L6.627
914.495
426.076
22L.828
104.559

0.2087
0.2l-87
0.2347
0.2254
o.239L

400
200
r00

50
25

LE

30 (29',)

2B
30
I6

2

(2el

30
30
30
30
30

r,8I8. 182
875.27 4
446.628
2L7.39r
rLA.626

0.2200
0.228s
0.2239
0. 2300
0. 218r

400
200
100

50
25

F

20
16
19
I5
20

30
30
30
30
30

1,720. 000
876.626
423.609
2I0.909
107.131

0.2320
0.2276
0.23s5
0.2365
0.2328

399.04
L99.52
99.760
49.880
24.940

BE

30 (2el
24
L7
23
15

30
30
30
30
30

r,716.738
86r.326
423.908
224.6L8
108.885

0. 2330
0.2322
0.2359
0.2226
0.2296

400
200
100

50
25

BP

30
30
30
30
30

30
30
30
30
30

r,694. 915
834.376
ArL.862
223.6L4
r07. 573

0. 2360
0.2397
0.2428
0.2236
0.2324

400
200
r00

50
25

x

24
23
19
20
L2

30
30
30
30
30

1,613. 554
836. 120
449.843
207.297
100. 523

0.2479
0.2392
0.2223
0.24L2
0.2487

400
200
100

50
25

s

E

mor ibunditynX /wE
we ight
(grams)Formulation

\
n
r

)

dosage = Srelativecost
number of millipedes exposed
number of miltipedes moribund
the numbers in brackets were substituted
as approximations for the probit analyses
where shown
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APPENDTX XVII (cont. )

Moribundity observations for male and female O. morel-etii
exposed to eleven different formulated insecticides

compared on the basis of cost of treatment in Experiment V

Dosage = relative cost x 100/average millipede weight,
where the relative cost of applying SepteneR l,iquid

at the rate of I,375.4 mg carbaryL/m2 = I

26
20
12

4
0(r)

30
30
30
30
30

1,683. 502
862.069
411. 862
226.757
L06.929

0.2376
o.2320
0.2428
0.2205
0.2338

400
200
r00

50
25

H

29
2t

3

I
0(l)

30
30
30
30
30

L,647.658
85r. r04
443.825
226.423
10s.404

0.2434
0.2356
0.2259
0.22l.4
0.2378

401. 04
200.52
100.26
50. 13
2s.065

R

20
10

3

4

I

30
30
30
30
30

r,680.486
9L5.37 4

448. 057
2L6.86L
105. 201

0.2388
0.2192
0.2239
0. 2313
0.2384

40r.30
200.65
100.32
50. 16
25.08

G

2T
10

3
2

5

30
30
30
30
30

r,625.L63
877.6L7
425.683
2L5.787
108. 857

o.2456
0.2274
0.2344
0,23L2
o.2292

399. 14
199.5 7

99.78
49. 89
24.95

D

29
30
30
30
30

30
30
30
30
30

r,704 .303
822.O30
429.923
208.507
105.932

0.2347
0.2433
0.2326
0.2398
0.2360

400
200
100

50
25

LP

r
mor ibundityn,\¡wt

we ight
(grams )

^.
Formulation

n

Í.

- dosage = I relative cost

= number of millipedes exposed

= number of millipedes moribund

= the numbers in brackets were substituted
as approximations for the probit analyses
where shown

()
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APPENDIX XVIII

Knockdown and moribundity observations for male and female
O. morefetii exposed to eleven dífferent formulated insecticides

on the basis of concentration of active constituent
in each treatment in ExPeriment V

Dosage = concentration of active consÈituent/average millipede weight,
where the knockdown data were recorded after 150 minutes

exposure (rr) to the respective insecticides, while
the moribundiËy data were recorded after 48 hours (tZ)

dosage = mg a.c.,/mÀ
n
r

)

number of millipedes exPosed
number of millipedes knocked down (rl) or moribund (rZl
the numbers in brackets were substitüted as approx-
imations for the probit analyses where shown

LE L6,897 .46
I ,062.64
3 ,756.28
1 r 955.63

92r.79

0.2087
0.2l-87
0.2347
0.2254
0. 239r

3 ,526.5
r,763.3

88I.6
440.8
220.4

I5
l4
13
t6

7

30
30
30
30
30

30
30
30
30
30

2 ,538. 18
L,22r.88

623.49
303.48
160. 02

0.2200
0.2285
o.2239
0.2300
0.2r8r

558.4
279.2
139.6

69 .8
34.9

F

r6
2

30 (2el

30 (291
28

30
30
30
I6
I

(2el
(2e)
(2e)

30
30
30
30
30

20
I6
19
I5
20

30
27
30
29
25

30
30
30
30
30

6 r8r4.2
3 ,473.2
1,678. r

835.52
424.40

0.2320
0.2276
0. 2355
0.2365
0.2328

rr580.9
790.5
395.2
L97.6
98.8

BE

BP 30
30
30
30
30

6,670.39
3 ,346.68
L,647.3r

872.87
422.9L

0.2330
0.2322
0.2359
0.2226
0.2296

2

I
6

3
I

1,554 .
777.
388.
r94.
97.

30 (2e)
24
L7
23
15

30
30
30
30
24

37 1007.6
t8,2L8.2
I ,993.00
4,882.38
2,348.97

0. 2360
0.2397
0.2428
0.2236
0.2324

8,733.8
4 ,366.9
2r183.5
1,091. 7

545.9

x 30
30
30
30
30

30
30
30
29
27

30
30
30
30
30

S 22,L92.8
rr,500. 0

6 , r87.13
2 r 851. t6
L,382.79

0.2479
0.2392
0.2223
0.2412
0.2487

5 r 501.6
2 t750.8
L,375 .4

687.7
343 .9

30
30
30
30
30

I5
I6
13
I4

4

24
23
I9
20
L2

Formulation
weight
(9r ams )

^
nÀ. ¡wr

rI
knockdown

r2
noribundity
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APPENDIX )$III (cont. )

Knockdown and moribundÍty observations for male and female
O. moreletii exposed to eleven different formulated insecticides

on the basis of concentration of active constituent
in each treatmenE in ExPeriment V

Dosage = concentration of active constituenL/average millipede weíght,,
where the knockdown data were recorded after I50 mínutes

exposure (rf) to the respective insecticides, while
the moribundiEy data were recorded after 48 hours (rZl

- dosage = mg 
^.c.¡m2

= number of millipedes exposed

= number of millipedes knocked down (tf) or moribund (rzl
= the numbers in brackets were substituted as aPprox-

mations for the probit analyses where shown

n̂

r
(

26
20
L2

4
0(r)

30 (291
30 (291
29
22
T7

30
30
30
30
30

529.04
270.9L
L29.45
7L.25
33.62

o.2376
o.2320
0.2428
o.2205
0.2338

L25.7
62.85
3r.43
15. 7I
7.86

H

29
2L

3
I
0(r)

30
30
29
18

7

(2el
(2el

30
30
30
30
30

r r 695. 15
875.64
4s6.84
232.97
r08. 45

o.2434
0.2356
0.2259
0.22L4
o.2378

4L2.6
206.3
L03.2
51.58
25.79

R

20
10

3
4
I

30 (29)
28
23
L2

3

30
30
30
30
30

7rt. 89
387.77
189.82
91.87
44. s9

0.2388
0.21-92
0.2239
0.2313
0.2384

170.0
85.0
42.5
2L.25
10.63

G

2L
10

3
2
5

29
29
25
27
t9

30
30
30
30
30

260.99
14r.16
68.38
34.65
17.50

0.2456
o.2274
0.2344
0.23L2
0.2292

64.1
32.L
16.03

8. 01
4.01

D

29
30
30
30
30

23
I9
13

5
0(r)

30
30
30
30
30

6,0L2.78
2,900.L2
1,5L6.77

735.6L
373.73

o.2347
0.2433
0.2326
0. 2398
0. 2360

I,4LL.2
705.6
352.8
L76.4
88.2

Formulation

LP

E2
moribundityrno"låo"r,nÀ, /wE

weight
(9rams)



-L79-

FET'BRENCES

Abbot, W.S. (1925). A method of computing the effectiveness of

an insecticide.

J. Econ. Ent. 18: 265-7.

Baker, c.H. (f976). The ecology and life history of the introduced

millipede Onmatoiul-us moreLetii (Lucas 1860) in South Australia.

Ph.D. Thesis, University of Adelaide.

Baker, c.H. (1978a). The distribution and dispersal of the introduced

millipede, Onmatoiul-us moreletii (Diplopoda:Iulidae) in Australia.

J. ZooI., Lond. 185: I-lI.

Baker, G.H. (I978b). The post-embryonic development and life history

of the rnillipede, ommatoiul-us moreietii (Diplopoda:fulidae),

introduced in South Eastern Australia.

J. ZooL., Lond. 1862 209-228.

Baker, G.H. (I978c). The population dynamics of the millipede,

OnnatoiuLus moreLetii (Diplopoda : Iulidae) .

J. ZooI., Lond. 1862 229-242.

Baker, G.H. (1979a). The activity patterns of Omnatoiulus moreLetii

(Díplopoda:Iulidae) in South Australia.

J. zooL., Lond. l8B: 173-183.



-r80-

REFERENCES (cont.)

Baker, G.H. (I979b). Eruptions of the introduced millipede,

ornnatoiulus moreLetii (Diplopoda:rulidae), in Australia,

with notes on the native AustraTiosoma casteneum (Diplopoda:

Paradoxosomatidae) .

Sth. Aust. Nat., VoI. 53, No. 3, March 19792 36-4I.

Baker, G.H. (1980). The water and temperature relationships of

Ommatoiulus morefetii (Diplopoda : Iulidae) .

J. ZooL., Lond. I90:97-108.

Barlow, F. and Hadaway, A.B. (1968). Interactions between

insecticides, cellulose and water, and their effects on

insecticide toxicity and persistence.

Soc. Chem. Ind. SCI Monograph No. 29.

Bayer (El-8 42/8442L91. BaYthro

Bayer.

idR Technical rnformation.

Biernaux, J. et a7. (1973). Recent studies on the efficacy of

insecticides against sugar-beet ¡nillipedes.

Ghent. Rijksuniversiteit. Faculteir landbouwwetenschappen.

Medelingen. BeIgium. Vol. 38 (3), (1973)r PP. 1187-I203.

Biernaux, J. et al. (1974). Studies in 1973 on the feasibility

of replacing heptachlor for control of beet IuIida.

Ghent. Rijksuniversiteit. Faculteit landbouwwetenschappen.

Medelingen. Belgium. Vol. 39, No. 2, Pt- L (1974)r PP. 893-900.



Cloudsley-Thompson, J. L.

and mites. Chapter

Pergamon Press.

(f958). Spiders, scorpions, centipedes

2. Millipedes : p"20.



-181-

REFERENCES (cont. )

Birks, P. (1979). The black Portugese millipede.

Fact Sheet No. 8/79.

Department of Agriculture, South Australia.

BIum, M.S. and Kearns, C.W. (1956). Temperature and the action

of pyrethrum in the American cockroach.

J. Econ. Ent. 49: 862-865.

Busvine, J.R. (1971). A critical review of the technigues for

testing insecticides.

(a) Chapter I. General principtes of insecticide

testing: I-13.

(b) Chapter 6. Contact poisons in solid form: p. 11I.

(c) Chapter 3. Standardisation of insects for testing: p'

(d) Chapter 12. Toxicological statistics: P- 266.

Co¡nmonwealth Agricultural Bureaux. Second Edition.

43.

Corbett, J.R. (1974). The þ¿Cehemical mode of action of pesticides.

Chapter 4r Neuroactive Insecticides: p. I80.

Academic Press.

David, W.A.L. and BraceY, P. (1946). Aerosol tests: Aedes.

BuII. Ent. Res.37z L77.

Edwards, C.A. and Gunn, E.

millipede.

Plant Pathologyr l0:

(196I). Control of the glasshouse

2t-24.



-r82-

REFERENCES (cont.)

FAO, (1969). Recommended methods for the detection and

measurement of resistance of agricultural pests to

pesticides.

1. General Principles.

FAo Plant Protection Bulletin, VoI. 17, No. 4' 76-82.

Fenemore, P.G. (1982). Plant pests and their control.

Chapter 13: rnformation required in dealing with a

pest problem: 229-23I.

Fied1er, O.G.H. (1965). Notes on the susceptibility of

millipedes (Diplopoda) to insecticides.

J. Ent. Soc. S. Afríca 272 2L9-225.

Finney, D.J. (1952). Probit Analysis.

of the sigmoid curve response.

Chapter 1: Introduction: P. 1-4.

Cambridge, at the University Press.

A statistical treatment

Second Edition.

Forgash, A.J. (1956). Susceptibility to arsenic of male, female

nymphal Periplaneta.

J. Econ. Ent. 49: 39.

Georghiou, G.P. and Gidden, F.E. (1965). Contact boxicity of

insecticide deposits on filter paper to adult mosquitoes.

Mosquito News, Vol. 25, No. 2, 204-208.



-183-

REFERENCES (cont.)

Hadaway, 4.B., Barlow, F. and Duncan, J. (1963). Some effects

of formulation on the initÍal contact toxicity of insect-

icides to adult mosquitoes.

BuIl" VùId. HIth. Qrg.,28z 129-132.

Hartley, G.A. and V'lest, T.F. (f969). Chemicals for pest control-

(a) Chapter 3. Pesticides of natural origin: p. 35.

(b) Chapter 4. Synthetic insecticides, Part II-

Organophosphorus compounds and carbamates :

p. 68.

Pergamon Press Ltd.

Herve, J.J. (1982). Deltamethrin monograph.

Chapter 3. Mode of action of pyrethroids and resistance

to these compounds: P. 67.

Roussel-Uclaf, L982.

Hurley, L. and Birks, P. (1985). The black Portugese millipede.

Fact Sheet No. B/79 revísed April, 1985.

Department of Agriculture, South Australia.

Kerr, R.w. (1954). Variation with age in the susceptibility to

DDT and the respiration rate of male and female DrosophiTa

melanogaster mg.

BuIl. Ent. Res. 452 323-328.



-184-

REFERENCES (cont. )

Lue, K.Y. and de la Cruz, A.A. (f978). Mírex incorporation

in the environment: toxicity in two soil macroarthropods

and effects on soil community respiration.

Vtater, Air and Soil Pollution, 9: 177-191.

l,lacCuaig, R.D. (1956). Determination of the resistance of

Iocusts to DNC in relation to their weightr â9ê and sex.

Ann. AppI. Biol. 44 (41, 634-642.

Matthews, c.A. (1979). Pesticide application methods.

Chapter 3. Formulations: p. 45.

Longman Group Ltd.

Moore, B. (1909). Size and effects of drugs.

Biochem. J. 4: 323.

NH & MRC, (1985). Uniform poisons standard of the National

Health and Medical Research Council.

March, 1985.

Commonwealth Department of Hea1th.

Ruscoe, C.N.E. (L977). The new NRDC pyrethroids as agricultural

insecticides.

Pesticide Science, 8: 236-242.

Rust, M.K. and Reierson, D.A. (19771. Effectiveness of barrier

toxicants against migrating millipedes.

J. Econ. Ent. 702 477-479.

d
rr&

,I

I
I

;

!



-185-

REFERENCES (cont.)

Saudray, Y. (1952). Developpement post-embryonnaíre d'un fulide

indigene CgTindroiulus (AneuToboiuius ) silvatu¡n Meinert.

Archs. ZooL. exp. gen. 89: I-14.

Vachon, ¡"1. (L9471. Contribution a lretude de developpement post-

embryonnaire de PachgboTus 7ìgulatus Voges. Les etapes de la

croissance.

Ann1s. Sci. Nat. ZooL. 9z 109-21.

Vfhatman, (1980). Glass microfibre filters.

Whatman Publication 803 GMF.

Whatman Ltd., Kent, England.

Worthing, C.R. (1983). The pesticide manual.

The British Crop Protection Council, Seventh Edition,




