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Sui'ilvlARI

An ectoparasite, ABh.ytis mel-inu*s DeBach, of red
sca1e, e11a rantii Iviask. , \,üas imported to the
Riverland and released in a few citrus orchards.
var'1abl-e degrecs of success in col-oni-satlon were

recor:ded" Experiments showed that, as the number of
adul-ts of A. mel_inus in the lnitial release into any one

tree was increased. from 1o to 1oo and then 1rooo, the
number" of ti-mes that colonisation succeeded. showed an

approximately two-fold increase for each ten-fold.
increase in the number. of adults. rt was shown that
the number of hosts present had no effect on the number

of times that successes \Á¡ere recorded, and thal, if
rel-eases r,\iere made in the third tree in each third ror¡/

be f ore ruiar'ckr r A" melinus would most probably be present
in all_ trees in the orchard by JuIy"

It is suggested that there is an upper l-imlt
to the number of adults in any releasee above which no

increase in the ratio of successes'bo failur.es (in
colonisation) will be achieved and that thi_s limit is
ieached with 1oo adult,s rer-eased from December to April
inclusive but that in october, November and iviay, the
limit is i ?ooo adults" rt is suggested that in any

programme to release A. melinus the above numbers be

released in the nominated months and that ib is not
commercially feasible to mahe rel-eases during winter,
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Experiment showed that there was no effect of

lhe size of the initlal poputation of red scal-es on the

time reciuired to achieve control. Populations ranging

from Z6) to 1 ,253 on 1 50 leaves werü reduced to less

than ten living red scal-es i-n a per'iod of 14 months.

It is suggested that the time at which contr'ol- 1s

achieved is best descr:ibed as the end of the summer

after the one during which A" melinus l^/as released"

Despite control being achievud in the same time, it is

suggested that the initiaÌ population of red scal-es

shoul_d. be as small as possible to rc:duce to a minimum

the cr:mmercial losses in the two harvests immediately

after release.

Thed.egreeofcontrolachievedisshohrntobe

adequate for ari lndirecL but not a direct pest and it

is suggested that red, scale can be classified into

eithel type" Control in l-css than thrc.:e years suggests,

but does not promise, that permanent control will be

achi eved.

The time of weathering requir'ed, before a

residue of a iuialclison, Oil or Omethoate spray kil-led

less than 50% of adui-ts confined above 1t for four hourst

\^Ias determined" It was shown that the value for

rvialdison decreased from 48 days in l-ate winter to 4l

days in October, and 27 days in mid-summer" It was
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shohrn that the period for oil was 2$ aays and suggested

that this woul-d. vary from three days (32.to 35oC) to

three weeks (16 to 21oC) but that as soon as bhe vj-sible

traces of oil on l-eaves \^/ere lost, it was safe to

rel-ease A. meJ-inus 
" These resul-ts suggest that it is

possible to reduce the sLze of a population of red scales

before A. mellnus is released, provided that the

appropr'iate time - lapse is observed between spray and

releas e .

Experiments showed that the most commonly used

nutrient spray had no effect on aclults of /r,. mel-inus.

The number of adul-ts which could be rearcd from

the red scales on one orange was shown to be greater

when that or'ange came from a basket of fO oranges under

a tree (25"6 adults) than when 1t l/as free hanging on

the tree (9"4 adults)" A technique was dcscribed to

use such a basket to spread A" mel-inus around an orchard"

Expericnces gained in handling and rearing

A. meligls showed that, if the source of " melinus

for rclease uras the j-nsectary, adults .hIere the most

economic stage, but that if li. melinus I^Ias col-l-ected

from the field, immature stages (in red scales on

oranges) i^rere more easily collected"
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]i{TIiODUCTIOIV

Along the banks of the River Yiurray there are a

number of areas in whlch fruit and other crops are groulnt

irrigat,ed by water fron the river. Each area is located

around a town and. has its own lrrj-gation system. The

areas within South Australla ar'e known eolfectively as

the i'River1a[d", which is a be]-t of l-andr oo either side

of the river, ranging from five to twenty mlJes wide and'

four hundred mil-es long. The rainfal-J is low (277 mm at

Loxton) and dlstributed almost evenly throughout the year.

Summer is hot r¡rith a mean maximum temperature in January
o

of 31 C", while winter is cool with a mean minimum
o

temperature of 4.75 C. in July. Both rainfall and summer

temperatures are characteristlg of inJanclr semi-desert

areas. The dominant land form is a long series of

aeol-ian sandridges with their long axes running East to

i,vest. Orchards are planted between and over them.

The main crop in the irrigated areas is citrus.

There rdere 1.6+2 milllon citrus trees in the lìiverJand in

June 1966 (C.0. C. 1 
' 1967) of which alnost )Oú/o were grouring

in the areas includlng and upstream from lvaikerie (see

Figure 1 ), which has the largest number of trees of all

the areas (C.0oC. ¡ 1967). The iliverJand produced 2.6

miLlion bushels of citrus fruits in 1969 (C"0.C., 1970).

1 a Cllrus Organisatj"on Committee of South Àustralia.



r.Iruiu_l_.

ivlap of p:rrt of South rrustraj_ia showing

the iìiver Ìvlurray, the rnai-n torvns of thc

Rlver'l-and (their irrigation ûreas are

crosshatchcd) and places mentioncd in the

tcxt,



k

King

Naw Rcsidc
Loxtm

9¡

Þ I

SOUT H ERN

OCEAN

Southern

Occ¡n

I

I

1
l_

I

I

ffil ooeunoe



2.

In the Riverland, red sca1e, .go.nldlel-1a aurantli
Maslç. is the onl-y insect whlch consistently causes Loss

of income to eitrtrs grourers and poses the bhreat that lt
wil-l cause damage to citrus trees. At l_easù 90% of
t'he trees in the Iivaikerie district¡ and in all districts
upstream from -t'iaikerie, require insectlcidal- treatment

for the control of red scal_e (personal_ communleation,

District Horticul-tural- Advisers, Department of Agricultureo
South Australia).

tìed scale can lnfest all parts of a cj-tnrs tree;
Leaves, fruit and bark. one red scare on a fruit will
nake it unflt for sale to most export markets (C.0.C.,
1%9). The export regulations enacted by the

commonweal-th of nustral-ia d.emand that fruit shall- be

sound and free from disease (Regulations under the
Custons r\cl, 1901-68). Dlsease, bV definitlon (ftre

Comnerce (llrade Descrlptlons) ¿ct of 1905-6, ild
amendments to 16th rviarchr 1g7o), includes red. scale.
Ivranf of the countries which import citrus from australia
prohlbit the entry of red scal_e for quarantine reasons.

Frequentl-y this is not quarantine against red scale,
which is present in virtually every citrus growing area

of the worl-d, but ratherapolicy designed to exclude any

pesf not already present by excluding all pests

( personal- communication, ivlr. H.i.v. Klng, ,secretaryl

Australian Citrus Growersr tr'ederation). Jnspectors of
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the Commonweal-th Department of Primary Industry have been

known to reject from export whol-e shipments of fruit
because a sÍng1e red scal-e has been found (personal-

communicatlon, iur". H.t¡. King)" It is not posslble to
ensure that sorting, eÍther during picklng or packlngo

wil-l excLude all oranges with one or more red scal-es

from export pachsr âs reports of red scale on fruits sent

to New Zealand testify (r"C.G"1r" 2, 1970)" A policy
of mlnimising the populations in the fieJ-d has therefore

been accepted as a necessary part of the overal-J programme

to enable the export of lar'ge quantities of oranges free
from red sca1e. A heavy infestatlon of red scal-e can

kj.ll part or all of a tree (Rlmes, 1)66) r thus reinforcing
the need to obtain adequate controJ in the field"

tìed scal-e has been described as probably the

most important cltrus pest in the worl-d (Ubeting, 1959)

and is known as a serious pest in countries with semi-

arid cl-imates such as Calif ornia (DeBach , 1969) ¡

South .¡\frica (Bedford, 1968)g Israel- (Cohen, 1969); and

Australia (ttimes 2 1966). It is probably indigenous to

China but has been known in Australla for seventy years

(Rimes, 1966) "

Red scale (4gIriÈie1.1.a aurantii, tviask ;

Hemiptera¡ Coccoldeag Diaspididae (tutackerass, 197O)) is
one of the armoured scal-es, At most stages of

2" .uustralian Citrus Growersr Federation.
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development 1t 1s a soft-bodied, lmmobile insect tightly
adpressed to the surface of its food plant. The adult

female is nearly two millimetres in diameter and gives

birth to livlng and. motil-e young r or iicral¡üf ersrt. That

motility is lost after no more than 24 hours of life as

soon as the rostralis is inserted into the plant tissuest

a phase known as t'settlingri. Ihe legs, eyes and

antennae of the crawlers are lost d,uring the first moult

(Baranyovits, 1953). Soon after settling, the crawler

starts to form its scale with waxy threads extruded from

glands in the pygidium as it oscil-l-ates around lts
rostral-1s (Baranyovits, 1953) " lhe f emal-e moults twice

but the mal-e four times before beeoming adult

(Baranyovlts , 1953) " Ihe male is a weak flyer and

lives (at 22 to Z\oC) for a mean of six to severt hours

(Tashiro & Beavers, 1968).

The length of the life-cycle j.s 36 days at
o

28 C (I'landers, 1951) but varies from three months

(summer) to five months (rrinter) in the fiel-d in the

Riverl-and (Botham , 1961 ) .

In the Riverl-and areas, crawlers are produced

from mid,-October to April (Botham, 1961) during which

period two or three generatlons may be produced and a

very rapid increase may occur (Botham, lg61 E Rirces,

1 966) .
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The South Australian Department of Agriculture

recommends a programme of two sprays for the conürol of

red scale (Campbell, 1)lOa). The first is of

ivral-dison (an organo-phosphate insecticide ï 5- ( ,2

di (ethoxy-carbonyl) ethyl) dlmethyl phosphorothiolo-

thionate) applied at O"1576 concentration in mid-October

and the second 1s an oj-l- sprayr at 2 to 2:{i concentration,

to be ap¡r1ied in January or I,'ebruary. Both are usually

applied by an ¡iose1ll-ating boomii machine with which

adequate coverage can be achleved using eight to sixteen

gallons of materlal on each tree. Hand spraying, a

more efflcient but slower method, is used by some gro'e\Iers"

-lhe first treatment costs 33.8 cents and the second 32"2

cents for each tree (appèndÍx 1 . ). Application of

the recommended treatments to all- of the infested trees

in i,vaikerie and upstream of lhat town woul-d cost the

industry nearly $1 ,00O'O0O a year (aporendix 1 ).
The above is an oversimplified estimate as it

accounts for nelther those groluers who do not spray nor

l-osses from fruit infesbed with red scal-e in sprayed

orchards" It indicates the magnitude of the costs

invol-ved. At leasi- 2?o of al-l the oranges that hrere

delivered to paching sheds at lìenmark in the 1965-66

season Ì;ere downgraded in quality because of

infestation by red scale ('trvishart, 1966)"



6.

Red scale was present at rtypolonga 1n the

south and Renmark in the east (.Flgure 1) in the 1plOts

but 1s a relatively new pest to other alieas. It has

been slow1y spreading west from tìenmark into other

areas, sone of which, particularly parts of tvaiheriet

have only just reported their first serj-ous infestations.

.As l-ate as 1963, it was estimated that red scale was

infestlng less than 1ø/o of al-l- trees in the Riverland

(,Spurling, 1963) 
"

The policy of the Department of agricul-ture

has been to try to prevent the spread of red scal-e by a

programme of insecùicidal treatment ained at eradication.

Inltially, lnfested trees urere fumigated with hydrogen

cyanlde (Botham, 1961), but high costs, high l-abour

requirements and an inability to f\rmigate sufficient
trees to keep up with the spread of red scale forced

changes in this practice. The present programme is

l-isted above, The attempt to prevent the spread of

red scal-e has, unfortunately, failed. There aroset

therefore, a need to revi-ew the controJ- measures uith
the aim of learning to live with the pest and uslng

those techniques of control which minimised the econonic

l-oss caused, rather than those whlch attempted to reduce

the population of red scal-e to zêto.

The returns from the sal-e of cltrus frults
have decreased. in the last ten to fifteen years while
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production costs have increased to such an extent that
growers must attempt to reduce costs in order to maintain

profltability. there have been increasing demands for
melhods to reduee the cost incurr'ed in controlling red

scale. uany grouJers norl/ omlt one of the treatments

in some years slmply to reduce costso "irs they have

l-ooked for cheaper methods of control, a smal-l-, but

lncreasing group of gro\rers have become lnterested in the

use of parasites of red scal-e" This interest vras

fostered by the observations of a few people that a

paras1te, AphËi--gç-tlqUå DeBach, was giving excelfent

control of red scale at Boundary tsend. in Vietoria,

A parasite of red sca1e, Comoer'iel-l-a bif asclata

(How. ¡, has been present in tìiverl-and areas for some years.

It has been an effective agent 1n the control- of yellow

(å9lll{iÆ!!=.gi-t-fi.ee (Coq. ¡ ¡ but not red seal-e (Brewer,

1971)" This same result has been observed in other

areas (trl-anders r 1 9++b).

Aphl,!å9--gg-1inìr9- DeBach (ÍIymenoptera 3

Aphelinidae), a paraslte which has achieved a val-uabl-e

degree of control over red scal-e 1n California (DeBach,

1969), Idas lntroduced to South Austral-ia in iVovember

1 9óBl'" It was bred in the insectary at Loxton and

rel-eased throughout the summers of 1968-69 and. 1969-70.

lviost of these parasites r,^iere rel-eased as part of the

experimental work for this thesis.
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$.:--ref.i¡US. is a small- yellow uÌasp, O.J t'o 1.O

mm 1ong, the immature stages of r¡¡hich develop as an

ectoparasite on red scal-e. lhe adult fema.l-e lays 1ts

egg underneath the scale covering and on the surface of

the red scal-e. During its l-arval- development the

parasite consumes the body of the red scale and then

pupates within the space thus created. Development

frorn egg to ad,ul-t rec¿uires 13 to 16 cJ.ays (egg l-4 days;

Jarva 4-l Aays; prepupa 12 days; pupa 5-6 days) at
o

26.7 C but mrch longer at lower temperatures (DeBach

and lvhite, 1960)" The female usuall! mates wlthin
four hours of emergence as an adult but, whether vlrgin
or mated, begins to oviposit between four and ùwelve

hours afber emergence (DeBach and White , 1960). One

femaLe may produce a mean of 2l+ parasltes in the next

generation with the eggs being l-aid unlformly throughout
o

her l-ife. The mean time, at 26"7 C, to 75% mortality

of adults of A"-_pçffug is 26 days (DeBaeh and Sundby,

1963). The only stages of red scal-e attacked by

n..-_eglinr¿å are second and early third lnstar femal-es and

prepupal mal-es, which are stages when the scale coverlng

is not glued to the scale body (DeBach and Mtite, 1960).

Approximately 70r000 adufts of ¡U-ry.!!g¿S- have

been released in the field from the insectary, where

¿S-piÈi-oä-* he.-ae-æ. Val-l-ot, the ol-eander scalen is used

as the host.
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In the two years since its first release,

åe.--¡ge]Lggs_ has achieved good control- over red scal-e in
one area (Campbell, 197Ob)" Throughout the summer of

1968-69 smal-l numbers of S"__gSf-inUç" (both adults and

pupae) were released at frequent Ìnterval-s, The pupae

I^rere 1n a late stage of devel-opment in red scales on

oranges when they were put out lnto the fiel-d.
?

Col-onisation J succeeded on each occasion that more than

lwo hu.rdred adults uiere released into one tree (Appendix

2) but was successful on only 51i¿ of the total number of

occasi-ons that adul-ts were rel-eased, The numbers of

pupae rel-eased into one tree ranged from 20 (15 trees)

to 200 (1 1 trees ) but a success !üas recorded at each

rel-ease (i\ppendix 2) "

i,,ithin four months of col-onlsation, signifieant
decreases in the numbers of red scal-es per tree hlere

recorded (Campbe11, 1970b].

v,rith thls apparent success soon after release

there was a need to determine the effect of different
initial p'rpulations of parasites and of hosts on the

probability that an at,tempt at col-onisation woul-d be

successful, in order to maximise the efficlency of

col-onlsation. Another aim of the experimental- work was

Col-onisatlon the attempted estabfishrnent of a

comnnrnity of organlsms 1n a new locality (DeBach

and Bartl-ett, 1%) p. l+Oe¡.

3.
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to assess the effect of the time of the year' on the

probability of success in attempts at colonisatlon and to

deveÌop techniques whereby 4.:_J-eliÆ- could be col-onised

throughout the Rlverl-and as cheaply and as quickly as

possibl-e. 1'he time required for 4,_me,-l;ig¡s- to reduce

the slze of the popul-ation of red scales to a l-ow 1evel

\das determined. The technique required was one which

woul-d al-l-ow the rel-ease of as few parasites as possible

1n one place but one which maxlmised the chance of success

in colonisation.

Parasites can be produced continuously in an

lnsectary, but in the flel-d it is unlikely that colonisa-

tions wil-l- be equally successful 1n al-l seasons (pegach

and Bartl-ett, 196)). It was necessary to deterrnine

that period of the year when colonlsation r+as most likely
to succeed.

Cal-lfornian workers (DeBach, Landi and l,rthite,

1955) showed that 4,OOO adults of ApITJ!!S.-g¡.. shoul-d. be

rel-eased into each tree if large populations of red scale

were to be red.uced to l-ow numbers within a year. FeÏ¡er

parasites coul-d, however, be successful :-
¡'Indicatlons were that fewer numbers of parasites

(than I+OOTOOO per acre) r,voul-d be sufficient in some

groves or in certain years'r (DeBach, Landi and

ivhlte , 1955) .
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DeBach and ì¡vhite (1960), while accepting the

above numbers, preferred to release equal numbers into

each tree on nine occasions, at monthly intervals. The

cost of this schedul-e r¡as found to be excesslve, forcing

a mod,ificatlon (DeBach and ì,uhite,- 1960) to the rel-ease of

[roOO adu]-ts on eaeh of nine occ¡lsions into the third
tree 1n each third row. The parasites hrere rel-eased

into the samc tree each month" They considered bhis

method to be both economical- and efficient. Even vrith

such large numbers being released, breeding of the

paraslte in the fiel-d was necessary to ensure effective

control- of red scale, of lthich there urere up to 2 mil-lion

per tree (De Bach and lirlhite, 1960). They considered

that cofonisallon in the field coul-d be successful- during

a nine month perì-od of each year in Cal-lfornia¡ the

spring, summer and autumn months (DeBach and r;vhite, 1960)"

These lvorkers (DeBach and i,'vhite, 1960i DeBach,

gå úr 1950) rcÌeased only adul-ts of the parasite. They

thought this to be the most economical way of releasing

a parasite because immature stages are frequently more

subject to destruction, either by predators or during

periods when the nrete,orological eonditions are less

favourable (DeBach and, Bartl-etl , 1964)"

The cost of rearing and colonising A. melinus

has noL been cal-cul-ated for Riverl-and conditions.

DeBach and i,rrhite (1960) estimated the total- costs to be
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$ (U"S. ) 1619\6 a year which included running costs and

a fifth of the capltal costs. At this cost they

produced 176 mlllion fernales a year, and this was

suffieient to colonlse t+t+l acres or l+l+r'1 OO trees.

At the above raf,e all- of tire trees 1n the

Iìlverl-and coulid be col-onised in four years at a cost of

at least $ü70,OOO. A sum of this magnitude is not

avail-abl-e even though it 1s only 1On/" of the estimate

of the annual- cost of insecticidal- control. Ihis

emphaslses the need to d.evelop a system by which much

smal-ler numbers of the parasite can be released 1n the

fiel-d with a good chance of success.
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uåIliaÐÊ__JNL tsEjsulrs

1. E{PEJilIüENI--J-.

1 .1 rlllågÐugL[pN..

Examination of the effects of different numbers

of /U.--gel:fg¿å, clensitles of red scale and time of year of

rel-ease on the success of attempts to establish A.- .m-çLiJ.lug

on red scal-e in the field,
1"1.1

In the first rel-eases of Ao melinus a

greater Cegree of success was achieved when pupae rather

than adul-ts were put into the field (Appendlx 2 and

Introduction). If , however, more than 2OO were rel-eased

then success foll-owed whichever were used" It becarne

obvlous d,urlng the mass-rearlng work of the summer of

1969 that the problems of handling oranges in the

lnscctary were too great to all-ow them to be used as a

medium for rearing the red scal-es to be used as hosts

(the pupae put out in the fiel-d l^/ere 1n red scal-es on

oranges). Large proportions of ùhe oranges used l^Iere

discarded before red scale could develop (taUle 1 ).
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TABLE. 1.

The condition of oranges held in the j-nsectary at
o

26-27 C and 5o7; R"H" for 20 days" The percentage of

oranges (total number examined = 154) which fell- into

each of the nomlnated cLasses.

o

51

20

23

6

Firm

Soft

Early stage of
drying

Dry

Rotten

Percentage of total
oranges examined.

Condition of
oranges

n ninimum of 33 days ln the insectary is required

of oranges to be used in such a programme.

The transport to the field of oranges, rather

than adul-ts of A,r-mçlizu-Ê-, is far more costly and the

distributlon in the field requlres nuch nore time. A

glass tube, 9.7 cm long x 2.2 cm dlameter, is adequate

space for at least t+oO adul-ts whil-e 16 to I+o oranges

woul-d be needed for l+OO pupae.

These two disadvantages make the use of pupae

of å¡-ggfå!U.g 1n red scal-es on orangesr as the naterial to

be moved from the lnsectary to the field, unattractive..

rel-ative to the movement of adults: ârd so all frrrther

experimental work was confined to releasi-ng adul-ts.



15.

1 .1 .2 Ln!-e_r_aq!¿9ps-

There has been virtuafly no attempt in the

past history of biol-ogicaÌ conlrol projects to measure

the effects of different numbers of parasites on the

degree of success j-n col-onlsation nor on any of a number

of other variabJ-es, such as the number of r'eleases, the

tlme of day and the best type of weather for refeases.

Al-1 of these coul-d be expected to infl-uence the success

of any one release (Turnbull & Chant, 1961). These

authors claim, and there are no published reports to
dispute them, that rqrleases have not been made on an

experimental basis and that expcrience can give us

neither answers nor guides to the sofu'b1ons of the above

problems.

iilVhat then are the limited objectlves we

should strive for? In essence, applied biological-

control-, and this is our ultimate purpose, hinges on

being abl-e to select specles that wil-l- fulf il- our needs,

and to lmport, rcar and rcl-ease these species with

maximum of success and mlnimum of expense, tlme and

eff ortii. ( Turnbull <i Chant, 1961 ) .

The same authors suggested that a dlchotomy

in approach to biological control, which they considered

to be a separaùe discipllne within Entomology, was

needed. That all- research workers needed to be looklng

at both a¿ hg projects (the rapid i-mplementation of
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blologlcal control in the fiel-d) and fundamental

problems in ecology and th,-y further suggested that this

woul-d be of val-ue to both the workers and the d1scipl1ne.

A simil-ar plea to carry out more experitnental

work so that biological control could be placed on a

scientific basis was made by Thompson (1954) in an address

to the 6th Commonwealtir EntornologS Conference.

1 .2 AJÆ..

This experiment r¡as designed to provide some

ansv/ers, in rclation to one host and one parasi-te, to the

questions posed by Turnbull & Chant (1961). It was

designed to give information of val-ue to fundamental

studies and to the 4 þg pr.oject of whlch it was a part

(the ì-mplementation of biological conb¡ol of red scale

in the B.iverl-and areas ).

1.2,1 The relationship betr,reen the number of adults

of A" mel-inus released, and the success of establ-ishment

rras examined " An estimate viaS madc of the number of

ad.ults need.ecl 1n a releas- to give a high probability

that colonisation would be successful-"

1.2.2 The lnfluence of the number of hosts into

which the parasite was released was examined, and this

allowed. an assessment of the influence of the number of

hosts on thc probability that any rclease woul-d succeed'

ilhe effect of the size of the population of red scales

on the treer o0 the costs of inl,roducing biologlcal

control, was assessed, and the smal-l-est number' of scalcs
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need,ed., on a tree, to give a high probabllity that an

attempt at eol-onisation woul-d. succeed was determined.

1 .2.3 The rel_ationshlp betwecn the tlme of the year

and. the probability that a rcl-ease of the parasite woul-d

be successful- was examined., and the l-imlts of the perlod

when adul-ts of A. mel-inus could bc rel-eased in the fiel-d

in the Riverland was defined.

1.2.+ A final- aim, relating entirely to the a.d hoc

project, !,ras to exarnine the distancc of mlgration of

g.--rtç¡1-i-'nue away from a release tree to discover whether

the suggested rel-ease plan of DeBach & !¡hite (1960) was

commercially feasible with the nuubers of À" melinus to

be rel-eased.

1 .l TRTIATIvIENiIS 
"

1.3.1

-gcleased.

Experience (Appendix 2) has already indicated

that numbers in the range of Jo lo 2OO would be well

worth study¡ So the numbers chosen rangcd around these

values.

The numbers released were : -

O (equivalent to control-)

10 ; 100 ; 1ooo.

1.3.2 The size of the populatlon of rÚd scales was

measured. using a ratlng systen (Appendix 6). I'rhen this

trial_ was being designed, A. mel-Jl¡ug had been colonised

in trees for 13 months and had reduced populations of
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red scales (see later) to an index range of 30 to 32.

Three ranges of index blerè chosen to span this observed

val-ue and they were B -
LAJ{, 15 25 Red scal-es difficult to

find on trees.

r,[e_ùiuq l+o - 6o

Hçeyy BO 15O Very heavy populatlon of
red scale.

i .3.3
ge.leased"

The number of tlmes, 9, al which releases

were made was determlned by two factors, the number of

trial- sites and the number of adu ]-ts of A. mcl-inus

avail-able. It 'hras planned to make rcleases at weekly

lnterval-s into one bl-ock a week for 9 weeks starting in
mid-February I but the supply of adul-ts of A" .mel--inJrs was

limiting. Rel-eases were made, a whole bl-och at a timet

when sufficient (3330) adults were avail-able and warm

weather prevailed.



19.

The date of rel-ease into each block 1s shown bel-ow.

Block

1

2

3

+

5

6

7

B

9

Date

12"2.70

20.2"70

6.\,70
I l+.4. 70

20.+.70

21 .+.7O

1,5"70

\" j, To

17 "6 "7O

No. days after 11 "2.70
1

9

5+

6z

6B

69

79

Bz

126

1 .l+ ÐEËJsa..

Thc trj-al- r,¡as set out as a series of blocks, each

containlng the complete range of treatments of number of

parasites and number of hosts. There v'Iere twelve

treatments 1n each bl-och with each treatment l-ocated on

a slngle tree.

The correct number of parasites r¡ras rel-eased into

the appropriate tree but the correct inclex of red scale

rAlas achieved by preselecting the trees from the orchard

(i. e. four trees presel-ected for each range of lndex)"

The parasite treatment was al-l-ocated at random to thc

four trees sel-ected 1n each lnd.ex rânge.

During the selection, an attempt was made to have

a barrier of at least one tree between trial- trees. Al-l

barrier and surrounding trees urere sprayed with an

emulsion of 2|¿fo oiJ- in early February'
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1"5 EEBLIqA.ru."

The number of trial siÙes ancl the numbcr of adults

of g.--Uç.}LrIr#L available precluded any replj-cation. If

the initial plan had been fol-lowed regarding the time of

release, each bl-ock wou1d have been much molre nearly a

replicate.
1.6 ).

At l-east one trial slte (bl-ock) was found in each

of the citrus areas of the lìiverJand with a preponderance

of sltes in i(ingston, 1.ioorook and Berri. Qrch¿rrds

heavily-infested wlth red scal-e and unsprayed for a year

rdere sought and provlded that four trees in each index-

range coul-d be found and the Srot^,ur was willing not to

use insecticide, the orchard waS acceptable. In every

case the 12 trees sel-ected, Were spread over at l-east on'e

acre of orchard.

1 .7 AF- iN-ÞgÆilL-itEIEA!.Ê."

1 .7 .1 Colonlsatic;n"

samples of the red, scale on each treatment tree

were searched for slgns (either immature stages or

meconium) of parasitism by 1¡--melþff* on two occasions.

In the bl-ocks into which parasltes were rcleased' before

lviaVr the samples (of thirty l-caves and five fruits) were

collected one and. three months after release. These

rrtrero lengthened to six and 16 weehs on the l-ater samples

to compensate, in part, for the slo'ore r developrnent of

immature parasites at l-ower temperatures (DeBach & Whitet

1 960) .



21 .

Leaves and fruit heavily infested with red scale were

selected haphazardly from al-l- round the tree.

trJvery red scale 1n the sample was examined

for signs of parasitism until 20 parasitised scal-es or

lOO scales suitable for parasitisation (Flanders, 1951)

I/rlere recorded, l-he formcr, c-:xpressed aS a percentage

of the l-atter, was called the peïcentage parasitisation.

The samples of leaves and fruits i¡rore treatcd separately.

t'lost of the samples rv\¡ere exhaustad before eithcr
crlterion v/as satisfied" Thc exarnination of a complote

set of samples from each block required two man weeks of

work, which precluded any chance of increa.se in sample

size.

The numbers recorded, ifi many cases, v/erc so

small that they could not be uscd to estimate percentage

parasitisation even though JOO to 1 0OO red scal-es were

examined. in each sample. The oata l', therefore,

presented as success or failure in thc attempt, with a

success bcing recorded if one sign of S"-gglinUg was
CrrrLå Cll-g

found. in <¡ÅSi:+' sample. Thc percentage data 1+* shown

1n Appendix l.
1.7 .2 iviieration irs ses sment "

I.-rom July 1970, five fruits or lO l-eaves (if
frults were not avail-able) heavily infested wiùh red

scale uere coll-ected from each third trcc in each third
row arid, 1n addition, from threc¡ trees in succession away

from two sides of each treatment tree. The red scales
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from each tree \^/ere hel-d until- either an adult of

A. meli&Wi- emerged or 14 Oays elapsed (the time it should

take for an egg to develop to, and emerge as an adult¡ aL
oo

26 C to 27 C). If the latter occurred, another sample

was taken and treated as before. If êr=4!jg¿E
emerged from ncither sample it was assumed that it had

not migrated to that tree,

In l-ate jlecember 1)lO, a sample of 30 leaves,

each heavlly infested with red scal-e, vias col-l-ected from

every tree on the first orchard and every scal-e was

examined for a sign of ¿i.-..ry,.!i,nuç." A second and third
sample hrere collected if necessâryr and if no slgn was

found in the third sample, 4-Sgf$¿g was assumed not Ùo

have migrated to the tree.

1 .8 rìESUljES.

1 .8. 1 Ç-g.Ls4;L_s_+-Ëon.

The resul-t, measured as the success of

col-onisation and as percentage parasitisatlon in each

sample, is shown in Appendix 3. The combined resul-t

as number of sirccesses in coLonisation is shown in
Ts.bl-e l+ bel,ow"
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B
BP1

The suecesses achieved in col_onising A. mç.Li_nus-

with different numbers rel-eased into different sized
populations of red scal-c.

indicates a success

lndlcates a fail-ure

+

1

I

¿
9 5?r

4
6z

9
¿a6

5
6B

L0'u, 0

10

100

1 000

IVIEDIUlVl o

10

i00

1 000

HIGH o

10

100

1 000

Date released

++++

+

+

+

+

+

+

+

+

+

+

++

+

++

+

+

+

+

+

+

+++

+

+

+

+

+

++ +++++
1 -2 20-2 6-4 tt+-l+ eo-+ 21-+ 1-5 4-5176

7 B 5 7 r+ 5 3 2 o

No.
parasites

Scal-e
index

IVo" days
after 1 

"

BLOCK

No. of successes
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1.8.1.1 Ihe effect of the number of adul-ts

colonlsation.

The number of successes recorded

(out of a total of 27 attempts ) for each number of
parasites rel-eased is shown in Tabl_e 3"

tVumber of successes r¡ith different numbers of
A- meÌì mrs 1n each bl-och and for the whole experlnent.

three attempLs in each block.

BLOCK

123tr
NUI'IBER

567 9 Total-B

oooo000
1201200

3233101
3333332

o

o

0

a
L

o

0

0

o

o

6

i3

22

The overal-l- resul-t has been subj t: ct to i( 2 analysis

as below. Ilxpected frequencies have buen nominated

and then tcstcd against the data.

ASSUIviP,TION" That no success woul-d be rccorded

where no parasites urere rel-eased and t,hat there would be

no difference betwecn number. of successes with othcr

treatments.

o

10

100

1 000

released

i[umber of
A" melinus
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J$å!S_il"

Expected and actual number of successes in
colonlsatlon and ,X 2 val-ue computed.

No. rcl-eased

o

10

100

1 000

¿
X

3
9.4 x

0n this test tire assumption of no effcct of the

number released on the number of succe:sses is not varid.
i{ËUruLO-N., That no success would occur where no

(¡)efe"
parasitesnrel-eased and that the number of successes

woul-d be directly proportional to thc number of
parasites released.

Expected number of successes on the above assumption

and assuming that the number of successes with l ooo adul-ts
¿

ïias the l-imit. /\ctual- successes and conputed { value shown"

o

6

13

22

0"0

o.2

2.2

22. O

o

io
100

1 000

¿,ctual- successExpected successeslVumber rel-eased

/!

2

aI
221.2

P < 0.570

0

13 "7
13.7

13.7

o

6

13

22

Expected Successes ¿tctual- success

lÉ ¡Ê, ]Ë
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0n thls test the assumption of a direct,ly
proportionaL increase (i.e. 10 x as many successes if
1 O x as many parasites ) in the number of successes is
not val-id. This lndi-cates thatr'whi1e there is an

increase in lhe number of successes (rable 3)r the rate
of increaso is much l-css than the r¿lte of increase that
v¡as required to cause it.

1 .8.1 . 2 llþe c=Jf ej:t ,oå_LlLe_-nl¿Jnlgr_gf hosts_

( ho_e!-dç _qe.rly.)_gå¡[!Le_ål¿qæ_r o f -su 9_ç e æsq.
TÀBLE 6.

The number of successes out of a total of 27 attempts

at each density of red scale, excluding the attempts

where no adults of A. melinus hrere rcleased.

13

11

17

Low

Nredium

High

lVumber of successesDenslty of red scal-e

')
/r ,,t- analysis was carried out on the assumption of

no difference between the number of successes at

dlffersnt densities of scaleo

2',\ = 1"+ Not significant.-¿

This lndicates that the variati-ons in the actual

numbers observed are not greater than coul-d be caused by

chance al-one and, thereforc, the hypothesls is acceptable

i.eo there was no measurable effect of the density of the
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popuLation of red scale on the numbcr of successes

recorded when A. melinus was rel-eased.

1 .8,1 .3 Ihe infl-uencc of the time of the vear

on thc number.of succe!ÊEå.

The number of successes recorded in
each bl-och (out of nlne attempts when parasites were

rel-eased) is shown together with time measured as number

of daysr in Tabl-c 7. f"or convenlencú, the independent

variate has been measured as the number of days after the

1 1 th February t 1970"

T4EJÆJ.

lVumber of days after 11.2./O that A. mel-inus was

released, and the number of successes achieved, in each bloch

The determlnation of a correlation coeffieient between

these two varlates showed 3 -
r = o.B7 x 

'E 
¡r

t = B.æ 0.062 x
x

Number' of Days
(x)

1

9

,+
6z

68

69

79

Bz

126

Number of suecessos

7

B

5

7

+

5

3

2

0

)(



I
I
7

6

5

t

3

2

I

0

Ø
t¡Ja
Ø
td
(J
(J
:)
UI

lI.o

UI
ú,
l¡J
ff)

fz

20 40 80 100 12060

TIME IN DAYS

0

Tx= 8"23-0'062 x
o f = -0.87 rrr

c

o

o

o

o



28.

There was a significant decrease in the number of

successes as the nunober of ciays, between 11"2"71 and the

rel-ease increased; the probability of success is decreased

l-ater in the year.

The val-ues record,,;d and the regression J-lne gonerated

by the above analysis are shown in Figurc 2.

1.8.2 alIgrullgN.
1.8.2.1 Orchard Number One"

^t 
*nî *-" * "xamÍning 

Figure l,

A:--me-ljFJ¿å ï,ras recovered from virtually every one of the

three trees in sequence away from treated trees and from

two trees at l-east five al^Iay from the nearest treated

tree. In the July sample, of the 81 trees searched

f or A" melinus , the latter was recovered from red scal-e

on 56i recovüry from six trees for each one into which a

rel-ease l¡¡as made.

The result of the De.ccmber samPle

can be seen in Figure l+ which shor¡rs the trees into which

A-. -gLg-ligg.g- was rel-eascd. and thosc from which j-t was

recovered.



Ground plan of Orch¿rrd Numbcr 1 showlng

extent of migration of ê.r_-rc!Lrtç- I months

after colonisation. Only the soction of
orchard abovc char:nel- was cxamined.

0 L. qj¿Enus present

X A, melinus absent

a ll_.__ruqlinus rcleased

Iree not examlned
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F'IGURE 4"

Ground plan of Orchard Number 1 showing

[i-rc exient of the spre ad of ir," qe]_Ínus,

1O months after col-onisation.

A" melinus present

A" melinus abs ent

I A. nelr¡¡l¿å released

0

X
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T.4BLE -9..
I

li resume of the trees searched for A" ge-f,ln,Iç* and.

the result of the search, combinlng results of both the

July and December samples.

The greate st number of l-eaves col-l-ected.from any

tree of catcgory (b) (tabl-e B) was l+l (mean 11.5¡

standard deviatlon 8.8) indicating that only a very

small- population of red scal-es was present on them.

(ln attempt was made to col-l-ecù 3 samples of lO leaves

from each tree from which A*_g%1:$¿å rn¡as not recovered).

1.8,2.2 Orchard Number Two.

,*ffinr. orchard. was

less useful than that of No. 1 for estimating migration

but it ean be seen (Figure 5) that A_r_ uelizu_ç. hras

reeovered from nearly three trees around each treated

one with a maximum distance of four trees (only 1n one

instance). Recoveries were made lrom 2,J trees for
each treated one.

81 .o

17 .5

1.7

'I

1 00.2

286

6z

6

35+

(a) A. rue_l;L4ug
recovcred

(b) år--qs¿¿!ss.
t]'Iot found

(c) lVo red scal-e
found

TOTAL

% of total- numbert\umber of treesCategory



Ground plan of Orchard Number 2 showing

the extent of thc sprcad of fu_Jlg-].i4går

J rnonths after colonisation.

0 A" me]inus prescnt

X A" mcli-nus abscnt

t A. mS'Li_lUlS relcased

Tree not examincd

X1 A" mi,,;linus rcleased but not
recovered
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A-L-.q.9!.æS- rras discovered. 1n a sample of red

scal-es from the trees next to those into which 10O0 adul-ts

were rel-eased one month after rel-ease regardless of the

density of the red scal-es. This suggests that either

some of the adults rel-eased or some of the first fiel-d
generation mlgrated from the treated tree.

1 . 8. 2. 3 g;.:gLqÄg_gl@J_Jþree.

lv¡igration was confined to short

distances (Figure 6) r,r'ith A. mel-inus recovered from only

1 .6 trees for c.:ach treated tree. Rccoveries were made

from widely separated trees.

1 .8.2.+ Orchard.,s Number- ¡çU,å. to Àline Inclusive

rvíigratlon did not seem to have

occurred on these orchards.

1 .8.3 lUeA!þSg-9þservatignS at .-i;o¿!gg B.cs-g+Lcå .C-qntJe.

0n each dayr a numbcr of parameters of the

weather are measured at Loxton Rcsearch Centqe. tr''teekly

mealr. values for some of lhese have been cal-culated for the

weeks when releases h¡cre made.

a



FIGURE 6

Ground plan of Orchard ltlumber I shoving

ihe exteni of the spreao of ii" meilnus,

! months after release.

0 A. mefimrs present

X A. melinus absent

0 A, melinus released

Tree not examined

Xl A" melinus released but not
recovered
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WE-2.
Iliean values of temperature as recorded at Loxton

Research Centre for the week during which A. mclinus was

rel-eased" into each block.

Ivllgration only occurrcd in Bl_ocks Onc 7 Two and

Three v¡hen the average temperaturc excecded 19.5oCi

col-onisation failed only 1n Bl-ock nine when the avcrage

temperature was 11 .7oC.

1"9 DISÇUËSJ-Q¡[..

1 .9.1 S¿LiqÞ .

1 "9"1 "1 Trtcreast,r in sìreeesse-rs wi farser
gtr m b e fç- _gf_ å,,, ge,Li-nJ++sj-

The analysls carried out on the

observed rcsul-ts showcd that thcre was a signlficant
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increase in the number of Successes aS the number of

adults of ;t. melinus \^ias lncreased. but that a 1O-fold

increase in the lattcr only gave about a two-fol-d increase

in the number of successcs"

In an exanrlnation of the number of hosts (lvtr+Ég

dçWSli-c.+J" ) found by d.iffcrent numbcrs of a parasitc

(Sogql-e-IF"Jla v-a,Jut-p!4gis- (Vvalter)) Detsach and Smith (*7)

found a slmil-ar rcsponse. I'heir results shoued. a four-

fold increasc in the number of hosts found, with ¿r ten-

fol-d increase in thc number of parasite s at l-ow numberst

but no increase in the number of hosts found with incrcases

in the number of parasites ab high numbcrs.

They counted the numbcr of hosts found in one

iruniverse'r whil-e I have counted the numbe r of timus that

no hosts wcre found, (no success ) whcn par'asitcs \,üe1c
res.,t fS

released in'bo a number of ¡¡UniVcrS€Siio lhe +i-Ltt#i+'ng

are sufficiently similar to suggest i;hat there coul-d be

an upper l_imit to the number. of p:rrasitus released,

above i^Ihichr [o increase 1n numbcrs of Successcs woUld

occur" It r¡¡il-l- b.; suggùsted' l-atcr (1 , 9 '3'2) that

this l-imlt w¿rs passud in ,llxperimcnt One.

1"9"1 .2 o

Examination of th'c written rÇports

of many proiccts aimed at implementing biological control

Show that in most cases very large numbers of a parasite

ulere rel-eased. on the assumption that thls was necessary'
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Turnbull- & Chant (1961) in sun:marislng proiects in
Canada quote a case where pOO milIlon adul-ts of

Ð-airlLo-qlnU-l*[¡+.*cin*¿+¿r-i.,2 Qett " ¡ hlúrc releas ed against

Dinrion hercvniae (iltg¡ (ttrey did not becoms u stabl-ishedl );
Conradie (1968) rel-cased from J1600 Lo t316oo adul-ts of

i\. nelinus into each trce g DeBach and. ll',hite (1960)

rccomniendcd the release of LTOOTOOO adul-ts of /-!=4ç-1i!gå

into each acre of trees; Took.: (955) rcleased 5OO to

1r5OO adults or eggs of ¡:g-ggbgågga-Lil-ens" Geraul'b;

rviuggeridge (1gt+3) reJ-eas.sd more than 1OrO0O adults of

L" in a number of places. Scveral-

authors (Flanders, 1959; Sweetman, 1958; Boettger,

1956) advocate the release of as many as possible of the

parasite at each release site 3 -
1 , To ensure a sufriiciently large nurnber of adults in

thc first field generation so that mating (if

nccussary) wil-l occur.

2. Bucausc severc selection 1s imposcd upon the first
generation in thc field, the larger the number

ruleased the greater will- be thc chance that a

successful genotypc will- be present"

The assessmcuts of col-onisatlon in this experiment

were made after at least one? and again after at Jeast

three, compl,;te field generations. It is possible to

obtaln mating in the fie ld when only '1 O adul-ts of

A. mel-inus are released and to have matin g occur on

almost every occasi-on when 100 adults are rel-eased.
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A third field generatlon, after the release of mated.

females of &_-9.ç.!þjl.:8.: cannot occur unl-ess mating in
the flel-d occurs (+.5). In situations where biological
control- has becn succr:ssful- there is frequcntly an

extremcly 1ow density of parasites and they are at all-

stages of developrncnt, tqating must occur in thcsc

cases (when matlng is necessary to ensure the continued

cxistcnce of the parasite species) when numbers are far
l-ess than should be produced in the flrst generation

after thousands of adults have been releuscd.

In many instances the number of individuals
initially col-l-ected from the field for imporËation to a

ner¡r arcìa is smal-l. It is very 11hely that this is the

tlLne when the greatest selection of genotypes is made

and thet any scl-ectlon at time of releasc in the new

area is consequantly rcl-¿ltivt:ly unimportant.

1.9.1.1 Small Numbers havu been successful"
tæ- r----

There are at lcast two rcported

instances where vcry smal-l numbcrs of adul-ts have been

sufficient to establ-ish a pelrasite or prodator on its
host.

DeBach ct Bartlett (1964) reported that ten mated

fcmal-es of þ.dofåê cgtrÈfp.A]-LE (Mrl-s. ) ui ere sufficlent to

obtaln col-onj-saLion on |gçJyg_pr4çL€i ruiask. 1n

California.
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An escape of an estimated ten lndividual-s (on one

occasion) of Qlfi=¡¿S--ifjc.iS- t\ixon was sufficlcnt to

cstabllsh it onto irhytomyzjÌ _1Ài_cis Curt on Vancouver

Isl-and. (Downes & and,ison, 191+O; Tur'nbull & Chant,

1961).

1 .9.1 ,l+ Couclusion"

Despite these SUCCssses there has

been no real attempt to detcrminc thc ninlmum number of

adults nc,cdcd in a rel-ease.,. It has been claimed

(DeBach and Bartlett,- 1964) that such a val-ue coul-d not

be detcrmined. If they mean that one value for al-1

different parasites in all- localities is not possible,

then I must concur. However, I would suggest that it
is possiblc to detormine such a value for a glven

parasite at lt¡ast j-n a glven area and that if we accept

the defint¡d objectivcs of biological control- (Iurnbull

cr Chant, 1961 , sue 1.1.2) one of which 1s to minimise

tlme and cost of projects, workcrs in biological control-

are obl-igated to exarnine this question.

thçrc is no experimcntal- evldcnce upon which to

examine this claim of DeBach and irartl-eùt (1964).

Deterrnination of thc small-est number of adults nceded to

cffect colonlsatlon in future blologlcal control proiects

would allow an examination of this statement and at the

same time provide a valuabl-e piece of information for
the eg hgç. project being investigated.
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the savings to be gained by determining the number

of parasites need.ed in a rel-ease can be evaluated in

the comment by Taylor (1937) that the size of each

colony and. the number' of col-onies (he released a total

of 126?OOO ad.ults of P,!-e*u-lotr*op¿g--q1lg.Ugå Ferr") vuas

excessive ano that 2eOOO adults r¡¡ould have been sufficient.

1 "9 .2 SIpþS.L "q-f-H-q.p-t-E--grp.g.9åL.

1.9,2"1 Because there was no lncrease in

the l-ikel-iirood of a successful establishurent of

¡r**.¡qe-ljgr¿g as the density of hosts increased (1 .9"1"2)

it seems likely tha'b the searchlng capacity (Smith,

1939) of A. meli-nus tias ade quate to find hosts at the

lowest d-ensity examined"

Once the treatment trees had been selected, all

others in each orchard. were sprayed r,,¡ith a 2 emul-sion

of oil. At the first assessment for col-onisalion 1n

Or.chard.s one and two (the oil Spray \^ras applied one and

tr,,¡o weeks respectively befor"e adul-ts of rl"--4g}.ru- i^rere

rel_eased) si_gns of ¿-**_qçIi¡¡¿g were found on t¡ees tthlch

had arrfotvrr denslty of scale and. v¡hich had been sprayed.

Col-onisation by tu--.re"tig¿å canr therefore, be expected

to succeed 1n much small-er populations of r'ed scale than

those examined. The observalion (lippendix \), that

only 11.6,/'o (b.D. = 5"9) of the red scales on leaves were

sultable for parasitisation aL any one timer highlights

the excel-l-ent searching ability of g"--4.g}:i4g5-"
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1 .9 "2"2 Hieh-ho_gt d.egslt.Y.

Probably because many of the

biological control projects of the past have been

conducted to control serious outbreaks of' pests,

col-onisation has usually been attempted into large

populations of the host (rbote,1955; DeBach and ltlhite,

1960; tvruggeridge , 19!á.; V,rilliams e!. e1., 1951 ; and

many others). Sweetman (1958) recommends that the host

population be as dense as possi-ble. I suggest that the

results of Jxperiment One and the work of Beclford (1968)

r,¡here parasit es, principally +icè¡rt_i_s__alr¿_qenUå quednau,

migr'ated into orchards pr'eviously sprayed l,¡1th ParathionR

cast doubt upon the val-ldity of this recotnmendation,

The value of small- populations of the host when

biologlcal control- 1s being implemented wil-l- be discussed

l-ater (2.+).

1 . 9. 3 I.iine.,-qLLelgæ..
1 .9.3,1 It has been shown (1 "9. 1 .3) that

there is a decr'ease in the number of successes to be

expected as summer progresses to winter. trrom the

equation of the regression l-ine (F* = 8"23 O'O6x) it
can be cal-culated. that at Least 67i¡ of attempts ruil-l- be

successful if A. melinus is rel-eased before 2oth liarch

and that at l-east JOiâ of attempts wil-l be successful- if
rel-easecl before the ll+tfr .e,pril. The date for any

level- of probabllity can be cal-culated.

R Registered Trade ruiark.
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1 .9.3.2 Such an examlnation, however, hides

a lot of informat,ion" The data in i-able J shol,¡$ that

with releases of ten adults, complete success (i.e.

three successes out of three attempts) was not obtained;

with releases of 100 adul-ts, complete success was

achieved up to and. incl-uding the 1+th npr1l and with 1rOOC

adults to the 1st lia¡l. I have already suggested

(1. 9.1"1) that there might, be an upper l-imit to the

number of successes and that this l-imit will not be

surpassed by increasing the number' of adul-ts released"

Ihe above resul-ts suggest that this limit (irt this case

complete success) has been reached when 1OO adul-ts are

r'el-eased ciuring the period February 12 to apr'11 1I+.

Hor'¡ever, during cool-er r'¡eather the number' of adul-ts

required increases to 1e000. ¡iven more ar'e required

after i,ray 1 
"

proJ

1 . 9. 3. 3 T.bllips-gruhsJqs.@å
ga-gåe-Jelç eE ed..

One of the requlrements of the 41! þç-
ect hras informatlon on when A. mel-inus couLd be

re.l-eased ruith a reasonabl-e chance of success.

The above results suggest that a high probabllity

of success in col-onisation exists if 100 adul-ts are

released lnto each tree before the middl-e of april
(irpril- 1[, 1970) and that if refeases are to be

contj-nued after this, 1r0OO adul-ts of a.t;ge-1-!91¿g are

needed. Any release of adults after Ùhe beginning of

winter would appear to have l-ittle chance of success.
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It was assumed early in the project that any release

Before January woul-d have i-lttl-e chance of SuccesS. This

was based on the observation that there is no reproduction

of red scale during wlnter and, as a resul-t, very few

red scal-e llere in a suitabl-e stage for parasitisation

d,uri-ng spring and early summer. -rlhe first week of

January, by which tlme red scales of the first summer

generation are suitabl-e for parasitlsationr rú/as accepted

aS the tlme to begin releases. The observation that

A"--qel&.q could find su1'r,able hosts even when they were

widely separated (1" 9"2.1) suggests that- there 1s a

good. chance for Success in earl-y summer. I will argue

(1. 9.3.4) that weather conditlons are responsibl-e for

failures during wlnter. On this basis, I suggest that

a high probability of success exists during October and

r\ovember if I 
'OOO 

ad.ults of &-me.1..jå1¡,9- are rel-eased and

after the end. of ,rtovember (to mid-April) if 1oo adul-ts

are rel-eased.

1 .g.3. + I,'ailures a

tì'landers (19+7 ) suggested seven

attributes of the hymenopterous femal-e, all of which

influence searching capacity and hence ability to find

and parasltlse a host. Of these, two can vary in time

and place with the Same female; the power of l-ocomotion

and the capacity for survival.

I suggest that both of these attrlbute s of A. mel-inus

were red,uced during cool-er weather and that this was
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responsibl-e for the decrease in the observed number of

successes.

Fiel-d observations show that r at temperatures

bel-ow lBoC (after mid lrprll - Tabl-e B)r ad.ults of

¡r. meJinus are normally found quite stil-l- on the underside

of l-eaves. ltdul-ts have been observed to remaln

perf ectly stil-l- f or at f east hal-f an hour, even though the

leaf was moved. Any movement 1s confined to short

distances by walklng rather than flying. Despite many

hours of observation, I have not seen å" q"e.lipu.g-

parasitlsing a red. scale at these temperatures. These

obser'vations are in direct contrast to rapid and al-most

continuous motion and frequent ovipositÍon at temperatures

in excess of Z7oC. It appears that the power of

l-ocomotion is so seriously reduced during cool- weather,

thatany one female may never find a host' Ffanders

(19I+I+c) suggested that, if a parasite spent too much

time 1n useless searching r ovarian degeneration might

occur and with it, the l-oss of urge to oviposit. If
this response occurs when no host is found because the

parasite does not move, the effects of cold temperatures

as suggested above would be compounded.

t\dul-ts ( and immatures ) of nph-ytls species are killed
by col-d weather (DeBach, 1965; Dellach & ì,vhlte, 1960).

Ihe longevity of adults can therefore be expected to be

shorter 1n wlnter than summer.
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very small- numbers could al-so have little chance of

establishing themselves. Ten adul-ts could fail if all-

ureï'e either males r or vi¡gin femal-es. 0n1y adults at

least 24 hours old rn¡ere used 1n this experiment, and Sin'ce

nost females mate within four hours of emergence (DeBach

& i¡,rhite, 1960) I it is probable that most, if not all, would

have mated before being coll-ected from the rearlng cage

(collections were made only from cages containing large

numbers of adul-ts ).
l;rlhen A*-rnefinus iS reared. from Oleander scale, about

slx females are produced for each four males (DeBach ft

sundby, 1963). The pr:obability that ten mal-es would

be coll-ected in any one tube 1s extremely low (p = O. OO01 )

and. can be lgnored as a possible cause of fall-ures"

I suggest Ùhat inclement weather was responsible

for the observed r:eductlon 1n the number of successes

as the time of bhe Year changed.

1 
" 9.4 rviier.gb;tgA"

1 .9.4. 1 Lig,e*-pf-JSgl"

iviigration from the treated trees

ceased much earlier in the year than colonlsation fail-ed'

It was probably a response to decreaslng temperatures aS

no mlgration was observed, after mid-April, the time

when the adul-ts of &:-re.æ- were al-most stil-l-

(1 . 9.3.+).
1.9.+.2 These observations showed that

if released on each third tree in each third.ê.o melinus
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row before iviarch, r¡rould be present in every tree by mld-

winter. l'rhere l-ater releases are made, migration to
al-l- trees shoul-d occur in early summer.

1.9.5 Number _of releas€_ s;L'Les.

Turnbull- & Chant (1961) suggested that rras a

rule of thumb, hourever, it is probably better to rel-ease

larger numbers of individual-s at fewer pointsrr.

Slnce I have been able to show that small numbers

can be successfully col-onised and that the distance

migrated by a. nrelinus 1s but a few trees a year (personal

communicationi Dr, J. Cuflen, C.S.I"Iì,0., Canberra,

australia), I suggest that the converse is true in this
case. rrrârry smal-l- colonisati-ons should sp read A, melinus

over a larger area than a few larger rel-eases.

I suggest thai Turnbull cx Chantts rule of thumb

applies where the paraslte is capable of migrablng long

dlstances in rel-at1on to tlre area of distribution of its
host, but that the converse applles if the parasite can

mlgrate only smal-l distances in relation to the distri-
bution of its host.

1.9.6 f,iie_e4swe¡-!-g__the ad bog þro-þ]em.

The greatest efficiency can be obtalned if
adul-ts of A. melinus are released on each third tree in
each third rolr, with 1r0O0 adults being rel-eased in
October, itlovember and rviay, and 1 0O adul-ts f rom December

to april inclusj-ve. IìeÌeases shoul-d not be made outside

thls period.
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2. EXPURITvTEIVT 2"

2, 1 IIüTB_0_ÐUET.I!.N_+N,D__sI+r.

The aim of this experiment Ï,as to assess, in detail,
the lnfluence of a._]ugIig¿Ê. on a population of red scale

in the fiel-d. adul-ts were rel-eased in an orchard at

r,,;aikerie where the size of the popuJ-ation of red scal-e

I¡Ias increasingr and had r'eached a serious level-. ¡rdults

from the insectary Ìì¡ere col-onlsed into some trees and
lhe progt'ng j¡c,'e
Èà€'n riovéd around the orchard as pupae in red scal-es on

oranges (Experlment 5) untll- AL-pg¿.M- rras present 1n

most tlees.

In april 1969 five trees, of typical heal-th and

lnfested with moderate to very large populations of red

scal-e, r,rere selected. 'I'he sLze of the populations, of

both red scal-es and immature stages of A:_Jgç.LinUS-,were

assessed on each tree at monthly lnter'val-s (two monthly

r¡¡hen the population of red scales was low).

2.2 rtcLH,gJ¿Ë* USiiD I0 rSjaJURE Ti-iiJ SIZI -. 0F THE

P-QLu-Lri:rJpNÊ..

Ît¡¡o methods were used to estlmate the total- number

of red scales on a standard sample of 1 l0 leaves. The

second replaced the fir'st after December 1969"

In the first method, 150 leaves, sel-ected at random,

hlere tagged on each tree. The number of the second and

thlrd instars of the femal-e and the number of mal-e scal-es

were counted on eaeh l-eaf at each sample. As new growth
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flushes occurred, the t,agged l-eaves became more

dif ficult to f ind and began to f al-J, f rom the tree,
making accurate counting nearly impossibl-e. A rating

system (rrppendix 6) replaced the above with assessments

made on !20 l-eaves sel-ected haphazardly each time. The

estimated counts (numloer of leaves x mean number of red

scales in each rating) of red scales on JZO Leaves hlere

reduced to glve an estimate appropriate to 1 lO leaves.

At each assessment a sample of thirty l-eaves

heavily infested with red scale, v.las col-lected from each

tree. Every red scal-e on them was examined and

classified accordj-ng to its stage of development, sex

and condition (dead, al1ve or par'asitised by .¡r. melinUq).

From these two estimates (number and. condition of

scales) an estimate of the number of living and.

parasitlsed red scal-es on 1 !O leaves was obtained.

2.3 REÈUL.rS.

2"3. 1 0þgÈr:ee3_g¡.ane.æ..

There iÁIere large differences between each of

the five trees, partly because the size of their initial-
populations of red scales T,^/ere dlfferent, and partly

because the red scal-e on them was colonlsed at different
tlmes. The estimated numbers of living and parasitised

red scal-e (each on 1 50 l-eaves ) is shov¡n f or each sample

date and each replicate in Tables 1 O and 1 1 .
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An analysls of variance was carried out on the data

in Table 1O (except for assessment dated 1O.11./O which

was not available at the time of analysis ). A resumé

of that analysis 1s presented in Tabl-e 12"

TABLE i O(a).

The number of living red scal-es (estimate) on 1 50

leaves at each assessment.

Mean

586

l+06

35e

272

ù5
200

Bg

128

27

12

7

15

12

t+

11g.8 go"7 l+B+.8 103.3 11r.8iviEaltT

574

316

121

138

177

106

\6

22

13

13

6

9

17

4

26)

276

199

150

B5

6o

17

3o

66

9

+

9
,10

1

1 253

852

1 228

Bgo

666

561

3l+o

4+6

6

1i

9

25

15

4

5r5

309

159

33

107

100

22

16

9

B

6

12

7

6

2Bl+

276

1go

t49

1go

172

1g

126

39

1B

10

21

7

3

1

2

3

4

5

6

7

B

9

10

11

12

13

1+

16.4.69

28 "5,69

9.7 .69

14. B.6g

1 "g "69

8.1 O "69

11 .11 .69

17 .1 2.69

B. )"To

15 " 5"70

1+. T "To

12. B.7O

17 " 9"70

10.i1.70

1 2

RüPLICITIE

3l+5No.

A¡iiESSrtiJltiT

De'e
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Number of l1vlng red scales on 1lO l-eaves on a

tree in which A. mgJ.M- was not present.

55'

980

1126

1 O27

1351

tl+g¡

18, 2.7O

B.l+. 70

15.5.70

i+.7 "7o

12"8.7O

17 .9,70

NUliBEiì Otr' lìED SCALESDATE

.¿r, qe,I:L4l¿g was flrst recorded in these red scal-es

on 1l+.7.7O and then only in sma1l numbers.



11 .

TABLE 1 1 .

The number of parasitised. red scales estimated

to be on 1JO l-eaves at each assessment'

iviean

3+

t+g

21

11

16

10

5

5

5

3

i+

+

2

1

rviit.¿rN 21 .g 11,3 9.6 13"7 4.3

16. 4"69

28" 5 "69
g. 7.69

1+. B,69

1. g"69

8.1O.69

11,11.69

1?.12.6g

B. 4"7o

15 " 5.70

14. 7 "7O

12. B. 70

17. 9"70

1O.11.70

1

2

3

4

5

6

7

I
9

10

11

12

13

1+

i03

87

22

23

31

16

7

5

3

t+

3

2

1

o

4

4Z

35

B

22

B

2

3

15

+

l+

+

2

0

o

6o

11

15

2

10

B

12

2

2

3

6

3

1

63

36

3B

3

23

11

5

4

3

2

1

0

1

2

0

15

0

B

1

6

3

2

0

+

10

6

3

3

gSSESST'IET\T

Date i\Io.

RilPLICATE

231 +5



TaBLE 1 2.

Resumå of the analysis of variance of the data in

Tabl-e 1Þfc^)

(a)

Variation d,ue to $"Ê

1 488560

2o85595

1 41 B958

lt.S"

372140

173799

29561

5z

v"lì.

12.6 ¡Ëxx

5.9 xxx

Replicates

Assessment ti-mes

iìesidual

D.E

+

12

+B

TOTAT 64 )993t t3

(b) Duncanrs t\Iew rvrul-tiple Range test r,¡as used to ranh

the means for each Assessment time because their
order of sequence could be predicted before analysis

(Li, 196)) 
"

S. ji. (of means of assessment tlmes ) - 76.9

The significant studentised range (SSit) for the

number of assessments (g) in sequence between any

two means being tested is as fol-l-ows 3 -

å. SSiì g. SSR

2 219"9 B 253.7

3 231.+ 9 256¿0

l+ 238.+ i0 257.6

5 z\3"7 11 259.1

6 2)7 "6 12 260.7

7 251 .+ 13 262" 2
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The results of the test in terms of val-ues signlfl-

cantly different from each other was as follows (each

vertical- line indicates those val-ues which are not

different from each other) ;-

SIGNIFICANCE

(c) Least significant .Differences (1,.S.D. ) krere

calculated for the means of each repli-cate.

L. S" D. (p = o. 05) - z\).7

119.8
90.7

+81+. B

1 03.3
115"8

A

A

B

A

A

1

2

3
+

5

17

57

99

135

15+

lgo

22+

260

372

4o9

)69

l+ga

fi4

1

2

3

+

5

6

7

B

9

10

11

12

13

586

406

35e

272

2+5

200

B9

128

27

12

7

15

12

ASSESSÌVIENÎ I\O No. 0F
DAYS AFTER-TEe-

tv¡EAN

iì,:]PLI9¡TE r'IEAN SIGNI.EICANCE
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Values followed by the same l-etter are not

significantly different from each other.

The d.lfference between the mean of repllcate three

and the others was expected because of the larger size

of the inltial population of red scales on that tree.

It is of no importance to the results and conclusions.

I'rom the mean and, the s.S.lì" values it can be seen that

the means of assessments one and two are greatestt

assessments four and flve are lntermediate and

assessments seven to twel-ve lnclusive are significantlf,

lower than the others. -lhere vrere signiflcantly

fewer living red scal-es on the leaves after ¡i. mel-inus

had been present fol more than four months.

2.3.2 Ch,anß.es i-n, -the pipufa!rq4-pl-red scales-'

The number of living red scales decreased

very rapidly (r'igure 7) soon after 4,e-@. lras

establ-ished, but the rate of decrease became l-ess as the

number of red scal-es decreased.

very large fluctuatlons in numbers were observed

particu]_arly until august 1969 in replicate 3" These

are a result, I bel-ieve, of the small size of the sample

collected in reLation to the very large number of red

scales on bhe tree, and hence can be classified as

sampling error.



ivtean number of living red scales, and mean

number of immature stages of A" me.Linus: o[
1 fO leaves at each assessment. Time

recorded as the number of days after tpril 1,

1 969.
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On trees 1 , 2 and l+, a mean val-ue of eight living

red scal-es on i 50 leaves rnras recorded after April 1970"

A mean of Seven living red, scales was recorded on tree 3

after i'Íay 1970 whil-e a val-ue of five l1ving red scal-es

was recorded in September 1970 on tree 5.

2 " 3 " 3 Ç"Þpæ.s--f nlhe-Jopirlaliqn of å1 melinus-'

t^lith five exceptions, no more than f orty

immature stages of a*__rng-fê\rÞ- \¡rere recorded (Ta¡le 1 1 ).

At no time, until good control- was achieved', did the

numbers of a*_pe]jg¿-g. approach the numbers of red scale

and yet the spectacula¡ decrease in the number of red

scale occurred. One contributlng factor to this

apparently small number of a:__q-e1i_n]¡.g coul-d be that this

parasite lras migratlng throughout the orchard at the

same time that the observations \lere being mad'e.

rorigration of adults ai^/ay from trees to ones in which

A¿--r4-q-l-¿gt¿å was not present could account for the

apparently l-ow numbers observed.

2" 3. + Pglcegt?ee g.þgP J-zu-i!.

In September 197O, when orarìges are often

harvested., a sample, selected haphazatdly, of 12J orangel

from each tree was examined for the presence of red

scal-e"
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TABLE 1 3

The number of fruit completely free from

infestation by red scal-e as a percentage of the total
number examined on 1/th September, 197O"

63

6+

3l+

6o

4g

1

2

3

+

5

COr'iPLIITELY CLEAN

r,

TrìEE

On the assumption of no dlfference between the

values recorded

11"9 ä
2

{
+

It can be assumed that there is a real- difference

between the val-ues observed, specifically that the yield

of cl-ean fruit is significantly l-ess on tree three.

2.+ DISCUSSIOi{.

The values recorded in Table 1 0(b) are from a tree

in the same orchard as those in Table 1O(a) and are an

indication of the changes in numbers of red scales which

woul-d have been expected if A. melinus- was not present.

Nearly a three-fol-d increase l^Ias recorded between the

1 Bth February and the 17th, September on this tree at
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the same time that the mean number on the sample trees

was decreasing. This suggests that it was Al-@.
whlch was responsible for the low level of red scale

achieved, not weather or other coincidental conditions'

If it is true that adults of lt. melinUs- 1lrlere nigrating

away from the sample trees (2"3.3)r then 1n a sltuatlon

where adults r,^Iere evenly dislributed, (i'e' nett

migration to and from any one tree 1s zero), A" me]inus

shoul-d be even more efflcíent than was recorded in

Dxperiment 2.

Ineachreplicate(exceptÐameanva]-ueof]-ess
than ten living red. scales on 1 !O leaves was recorded

after April-tviay 1970, some 1l+ months af ter 4.. mel-lnus

\^ras released and found. in the trees. (Tree 5 is

atypical in this wâYr and al-so in that it carried a

much larger population of the long-tailed mealy bug ¡

psgudococ_cræ adon,i_dum L. ). This control- in the same

time 1s independ.ent of the very large differences in

the numbers of red scales present on each tree when

A. mel-inus was col-onised. This lack of response was

predicted as a possibillty by \J"lì' Thompson (1951)'

Uslng an appropriate set of val-ues in the equation

n = host population

p = inibial- Parasite PoPulatior'

s = reproductive rate of Parasite

t = number 9f generatlons to
control

t Log n/p fog s
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he showed that at f lxed values of s and. p, a tenfol-d

increase in the number of hosts woul-d require only one

more generation of the parasile to achieve the same degree

of control-. The largest difference 1n the number of

hosts in this experlment was five times, and as no effect

of this was observed on the time requlred to achieve

l-ow numbers of host this is an indication that Thompsonrs

assumptions may approximate the real situation.

l,rihile l-ow numbers may be achieved in the same

time, there is a commercial- disadvantage 1n startlng
with large numbers of red scales. The greater the

number presenb, the fewer will be the oranges completely

free from red. scal-e (greater commercial- value).

Therefore, there will be a commercial loss in the year

in which A. melinlrs is released and, if the initial
numbers blere very great, in the year in which l-ow numbers

are achieved. (ta¡le '13 nþ" compare tree 3 with trees 112
'r ti

& +) if the inÍtial popnlation of red scal-e was greater

than necessary.

In past projects in biological contr'ol-, the

parasite or predator has been released to control large

numbers of hosts (see 1 " 9.2"2), It has not been

the practice to reduce the size of populations of the

host before introduction. Bedford (1 968) found that

five species of pests were under biological control
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R
wlthin a year of cessation of spraying with Parathion t

lndicatlng that it 1s possibLe to establish a parasite

shortly af'ter the use of an insectlcide. Experiment 3

uias designed to examine this possibility.
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3 . EXPERTIVIENT J.
The tlme lapse need,ed after a spray of an insectlclde

and before adults of A. nelin¡s- can be released.

3.1 Ar!!.

Thealmofthlsseriesofexperimentswasto
assess the length of tine, after the applleatlon of an

lnsecticide Capable of killing red scale, before aduLts

of A¡-&çI;UU-S. would survive exposure to its resi'due, and

so to assess the feasibillty of reduclng the size of the

popuJ-ation of red scal-es before A. nelinus is refeased'

The nost commonly used insectlcide, Maldisonr was

exanined 1n more detatl- than the less connon onest

Omethoate and oi-]. the effects of the nutrient spray

used. in citrus orchards was examined.

7.2 ivmTHOD.

TenllmbsreachwithatleastlOleavestwere
sprayed wlth the insecticide at the noninated strength

and ten with water. All linrbs were selected on a ten

year old citrus tree (a different tree for each

experlment) in an orchard'' The leaves l^Iere sprayed

and left in situ. One leaf was col-lected from each of

the treated. and. control- limbs for each assessmentt with

three assessments made during each week. These were

continued until the residue of the insecticlde killed

less than 25 t'o 30% of the adults of A. mellnus

confined on it for four hours.
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From each l-eaf a strip 2.2 cm wide x 7,8 cm long

hras cut and inserted into a 7.8 cm long x 1 cm (internal)

d.iameter, gJ-ass tube. There were ten replicates of

each treatment at each assessment. Ten adult A. nellnUs

r¡rere collected. fron the breeding cages and enclosed 1n

each tube, with a piece of gavze cl-oth at each end.

The number of adul-t A=-steÀÅn¿E- which died Ín each

tube was recorded four hours later. The tubes were

not as sophisticated as those used by other workers

(Bartl-ett, 1911 ; iìosen, 1967), but the very small

mortality of adults in the control-s indicates that they

were adequate for this experiment.

For ease of reference, each residue tested ls

ref erred to as a different experj-ment 3 -

EXPjnÀI-I'iENT-

3a

3b

3c

3d

3e

3f

INSECTICIDE DATE APPLIED

o.15% luialdison 18. B.7o

O.15% t{al-dison tr.1O.7O

O.1 5/o Mald.i son l+. 1 .71

2+/" Spraying 0i1 l+. 1.71

O.O75f, Onethoate 3.12.70

A1l- comblnations of

1 ) 2, or 3 of the following :-
O,2l¿ Zinc oxid.e; O.Irf ruranganese

sulphate, O. 7% tJrea.
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The mean number (with its standard deviation) of

d.ead. adul-ts above the treated leaves after four hours

hras calculated for each assessment. The percentage of

the adults killed by the residue was calcu]ated from

the following forn¡r.rl-a i^¡hich I devel-oPed I but which

matches Abbotts correction for natural mortality

(rirurey , 1952) .

K d dct
n dc

where K = d/o Lj-II; dt = number of dead adu]ts over

treated l-eaves i dc = number of dead adults over

control- l-eaves; n = number of adul-ts included in one

tube.

From the estimates of {, w.ttt, probi-t analysis was

used, to calculate the number of days weatherlng before

the resldue of the insecticide kil-led 5or' or less of

the adults of A. mel-int¡s.

3 .3 BESU!N."

The actual- val-ues recorded are in Appendix 5'

3. 3. i EXPEBLYENI_1g..

Leaves sprayed with O.15% Maldisont

i B.8.70.
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TABLE 1)+.

The number of days of weatherlng of the residue

of 0.15% I'ial-dison, the mean nurnber (and standard

deviation) of dead. adults of A, melinJls after enclosure

over the resldue for four hours, the nean number dead in

the control and the estlmated kil-l for each assessment.

Ten adul-ts were encl-osed in each of ten replicates for

each assessment.

1

2

3

+

5

6

7

I
9

10

1

1

5

6

12

13

1+

11

1

3

7

I
10

13

15

1g

22

2\-

27

29

31

35

3B
l+t

t+¡

o.0

0.0

0.0

0.0

0.0

0.0

0.0

o.o

0.0

o.0

o.o

0.3

o.o

2.2

3.3
4. 1

1.1

10.o

10. o

10. o

1 0.0

10. o

1 0.0

10.0

10. o

1 0.0

10.0

1 0.0

9"9

1 0.0

8.7

7.3

7.+
9,2

0.1

0.1

1.7

0.o

0.1

o.o

o.0

0. 1

0.1

0.o

o"0

0.0

0.0

o.o

o.0
o.o
0.0

100

100

100

100

100

100

100

100

100

100

100

99

100

87

73

7+

92

NUivTBER 0F
DAYS OF
l,¡EIiTHERING

ASSESSrvtEitlT
l{UivtBER

I,IEAN
NUÌ'tsER
DEaD

S.D OF
i'rilAN
DI¡AD

IVIEAN
NUI'JBER
DEAD IN
COIVTROL

KILL
tl
lo



FIGURE B.

itean number of adul-ts of A" mel-inus kill-ed

by the residue of 0.1J/, Vataison applied at

different times" The decrease in the kil-l
with time of weathering (days) is shown.
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100

'1

o

0.0

0"0

o.o

0.0

0.3

o.0

1 0.0

0"1

o.o

+B

57

63

1B

1g

20

KILL

("/,)

lrEAlV
irlUivlBEÌì
DEAD IN
CONTROL

S"D OF
yiElrN
DE/ID

ri,iAN
NUt'iBER
DEAD

NUI{BER OF
DAYS OF
r,,JATHERING

aSSESSTVIENT
NUIVÍBJIR

(w. r
IV. T

6)+..

Estlmated. bime for weathering to JO"¡ Lr.iLI of adults

. 50) after four hours confinement 3 -
gÒ

"50 = 48"3 daYs i oo. l+8.3 + 4'4 aaYs

S.D. = 2.2 dayS
i,'\1. T 

50

ii.!O was calculated (Appendix 5) by probit analysis

(rviather, 1943¡ without using the correction for special

accuracy. The percentage ki1l val-ues were transformed' 
\

to probits and correlated against the number of d'ays of

weathering.

The result shown in Table 1 4 and Figure I was

unexpected in that an insectici-d'e, which has a withLrolding

period of seven days (Anon), killed adults of A" melinus

for 48 d.ays (ir.t.59) after applieation. The frequency

of assessments r,fas reduced after the l+3ra aay because

the large number of assessments used more leaves than

hlas expecfed.

3 .3. 2 ExPEEIITEiII_ILþ)"

Leaves sprayed. with O.15d/" t{aldisont

l+. 1 0.70.
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TABLO 1 5"

The number of days of v¡eathering of the resldue

of O.15'i'ruial-dison, the mean nurnber (and standard deviation)

of dead adults of A. meJ-inilå after encl sure over the

resldue for forlr hours, the mean number dead in the control

and the estimated kil-l- for each assessment" Ten adults

vrere encl-osed in each of ten replicates for each assessment.

.,.(ILL

9;)

't'vT 40"T days
5o

V,iT 
50

100

100

100

100

100

100

100

9B

93

g1

76

BO

25

23

o.o

0.o

0.o

0"o

0.o

o.o

o.o

0. 1

0.o

0.3

0. 1

o.5

o,+

0.3

0.0

0.o

0.0

o"0

o.o

o.o

o"o

o.6

1.1

1"5

4.2

2"2

3.+

2"O

1 0.0

10" o

10. o

10. o

10.0

10" 0

1 0.0

9"8

9,3

9"1

7.6

8"1

2.8

2.5

1

3

5

8

12

16

1g

21

28

31

35

39

44

46

1

2

3

+

5

6

7

B

9

10

11

12

13

1+

yiJlri\ï itl0
D¡laD IN
COi\lTiìOL

S.D OT'
I'1jiAi\i
lï0. Ditr¿.rD

rvlElritT
tdUi'rBOrì
DEaD

itlU¡tBlIR 0F
DAYS OF
i:ti¡ÎH¡ilìIitlG

ASSESST'¡ErtlT
rfUr'tsuR

S.D. 2.4 days

40.
!7' l+. B days
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This treatment was applled at the tlme recommended

by the South .¡rusLral-ian Depar.tme,rt of agriculture for
the first insecticide spray of the season. The time,

[i days, requlred to achieve ii"T.5O is lower, but not

more than 2 x S. D. l-ower than the range of values

determined for t,he application in august"

It is still iar in excess of the wlthhol-dlng perlod

of seven days"

3 .3.3 JÄP¡BIaIINI 3 (,c ) .

Leaves sprayed with o.15/, ivialdison, 4.1 .71 .

TABLE 16 "

' The number of days of weathering of the residue of
o.rs7,
æ151" ivral-dison, the mean nurnber (and standard deviation)

of dead adults of A. melinus after encl-osure over the

residue for four hours, the mean number dead in the control-

and the estimated k1ll- for each assessnent" Ten aduLts

r¡Iere encl-osed in each of ten replicates for' each assessment.

I(ILL

(%)

100

100
100
100

100

79
B2

BB

36
2

0"0
0.0
0.4
o.5
o.B

0.1

0.0
o"o
o"6
0.0

0"0
o.o
0.0
o"o
0.0
2"1

1"9
1"3
2.5
0.4

lo.o
10"0
10.o
10.0
10.0

7"9
B"z
B.B

3"9
o.2

2
l+

9

11

16

1B

21

23

32
39

1

¿

3
I+

5

6

7

B

9

10

i'iEAltl
N0.
D]IAD ]N
COiVT}ìOL

S.D OF'
iuriDAr,J riiO "
DEA])

i'ÍEAiV
rtIUr'rBER
D.IAD

I[U1'1BER OF
DaYS OF
IIJtrATHERIIVG

AS ¡ESSrvü,i{T
l\UtqBLllì
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ht.T5o = 27,2 days .oo 27.2! o'l+ d'ays

S.D. = O.2 days
ü. T.

5o

The i'u'T. 
rO 

was achieved in 27 days which is

significantl-y less than r,uas recorded for a spray Ín

October, but still nore than t,he withholding period"

3 " 3 " + lttrpFtìri"iniLT_3_(Ð.

Leaves sprayed wi-tln 2')1" Spraying oi1;

\"1 "71 .

T¡IBLE 17 "

The number of d,ays of weatherlng of the oil resldue,

the mean number (and standar'd deviation) of dead adul-ts

of A. melinus after encl-osure over the residue for four

hours, the mean number dead in the control and the

estlmated percent kil-l- for each aSSeSsment. len adul-ts

were encl-oseo 1n each of ten replicates for each assessment.

A layer of oil was visible on the surfaces of the

leaves one day after spraylng but all had d.lsappeared

by the eighth day. This suggests that, if the adul-ts

100

\z
2

o.2

o"7

o"7

0.0

2.O

1.1

1 0.0

5.1

o.9

1

3

B

1

¿

3

K]LL

Ø)

iVJi]AN

r\10.
DEAD IN

CONTROL

S.D OT'

i''tEAi{ N0.
DElrD

IVIIIAN
IWIBER
DEAD

ASSESSi'i]]i[T
NUi'tsER

Tt'tUI'iBER OF
DaYS 0F
LTEaTHEIìIi'lG
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of a" melinus. were rel-eased after the vislbl-e traces of

oil on the surf aces of the l-eaves had been l-ost, they

woul-d survive,

Field observations show that, depending on the air
temperature on the days immediately after the oil- is
applied, a r'esidue can be observed for anything from

three days (32oC - 35oc) to three weeks or more

(16oC 21oC), It 1s reasonable to assume that the

ii.T"!g value wil-1 fl-uctuate with the time needed for this
oil- layer to be lost, i.e" hr,T.50 tniil-l be shorter in
hotter weather.

Oil- sprays are applied when the ambient temperature

ranges between zgoc and 35oC. 'Ihe lv.T.5o value for an

oil- spray can, therefore, be expected to range from I to

6 days.

3.3 " 5 uxPErtI¡lìrVT 3 (e ) .

Leaves sprayed with O"O75n/" Omethoate,

3.12.70.
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rRer,n t 8.

The number of days of weathering of the residue,

the mean number and. standard. deviation of dead adul-ts

of A. mellnus after encl-osure over the resldue for

four hours, the mean number dead 1n the control- and the

estimated percent kil-l for each assessment. Ten adul-ts

u¡ere encl-osed 1n each of ten replicates for each

as ses smerrt .

i(ILL

('/')

hl" T
5o

1 8.9 days 18.9 I l"O daYs

S, D. 2. f days
ìrl. T

5o

The period of time before l'/.T5g is achieved r¿as

l-ess than woul-d have been predlcted for a 0.1Jiit Nialdison

spray applied about the same time.

3 . + DJSqUSËrgN.

Experiments 3(a)¡ 3(b) and 3(c) showed that the

time requlred to achieve li',i.T.!O after l-eaves were sprayed
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vlith O,156/, lialdison decreased. as the season progressed

from winter to Summer. This result is not unreason-

able because the main processes lnvolved in the

reduction of the toxicity of the resldue are first

order chemical reactions (Gunther and Jeppsonr 1960)

which can be expected to progress faster at the higher

temperatures of summer. The toxiclty of the residue

was not red.uced by occasional washlng. ¡' total of

168 points of rain distributed over 1l days (maxircum

fal-l, 48 points) fell- on the leaves used in Experiment

3(a), and an irrigation (3O0 polnts in 1B hours) from

over-tree sprinklers fel-l- on the leaves used in

Experiment 3 (b) without affecting the toxicity of either

resldue. This suggests that it would not be possible

to apply a spray of O. 1i{' irtaldlson, wait for' a fer^r

days for it to kill most of the red scales (12 hours

is sufflcient - Richardsonl 1968)t and bhen wash off

any toxic residue"

A lar.ge and unexpected. disparlty uias found between

the withholding period, the time that must elapse after

spraying and before harvesting, and the i,r.l'.50 values

for rvraldison. Ihe wlthholding perlod is seven days but

the estimates of l;r"T"50 ranged from l0 days in winterr to

lO days in summer. Thls hlarns that the wÍthholdlng

period cannot be used as a rough measure of the time

needed to weather an insectlcide resldue.
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The iV.T.50 val-ues measured do show a simil-arity to the

hal-f l-ife of a residue of ivial-dison (17 ancn J2 days on

different varieties of citrus (Gunther and Jeppsonr 1960)).

This comparison makes the estimated values of W. T " 5O

appear less of an aberrant result.

¡r similar weathering time r one to three months,

was shown to be necessary after an application of

ParathionR to citrus leaves before t

lviercet. coul-d survive for four hours (tsartlett, 1953)"

The fil-m of oil on the sur'face of a ]-eaf is broken

and. removed by mechanical means such as dust and wind

(personal communication, I{r. A. Opey, Technical- ivianager

for South australia, Gol-den l,'feece Pty" Ltd" )r but

temperature obviousl-y plays some part" irlth this type

of breakdown it is not unreasonabl-e to expect that,

soon after the layer of o11 on the surface is lost, its
lethal effect is lost. The result observed 1s slmi]ar

to that determined for adults of rtph.ytis hol-oxanthus

DeBach (Rosen, 1967)" The resul-ts of these experiments

show that it is possible to apply an insecticide such

as yral-dison or spr'aying oil to kill- a large percentage

of the red scales on a tree and later in the same season

to rel-ease adul-ts of a, melinus" The release of the

adui-ts would need to be delayed lO (summer) to ,O

(winter) days but safer periods l¡oul-d be six and ten

weeks respectlvely.
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The period when 4.. -mel-inus 
can most efficiently be

co-tonised extend.s from December to mid-¡,pril (Experiment 1).

A spray of 0.15% rvialdison in October wou1d al-low the

rel-ease of Ar-grS]-i.¡qus- during most of this season" A

spray oî 2{/" oi1 can be used on citrus trees withoul risk

of damage during January and I'ebruary, making a week

(temperatures greater' than 29oC) all- that is needed

before adults of 4.", mel-i.nuq can be rel-eased.

An insecticide used to 1c111 its host can reduce

the size of the popul-ation of a parasite in two ways"

Firstly, by direct poisoning and, secondly, by reducing

the size of the population of Lhe host to such low

level-s that many parasites die before they are able to

find hosts. It has been shor¡¡n 'bhat, if the suggested

biine lapses are observed., there should be negliglble

cteaths by cllrect poisoning. An application of either

0"157" r'ialdison or 2à'/' oil k1l-1s between 85 anð' 951à of

al-l the red scales on a tree, leaving few living, and

even fewer scafes suitable for' parasitisation. An

attempt to colonise â" m*.iqus, could fail- simply because

these ad.ul-ts coul-C not find red scales sui-tabl-e as hosts.

It has been shown (1 ,9"2"1) that col-onisation succeeded

on lrees soon after.they had. been sprayed wit:h 2$/' oiJ-,

indicating rhat the population of living red scal-es was

not reduced to a level below which col0nisation woul-d fail-.
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At Z6.7oC, the generatlon time of A"_rne.li!uå is
twelve days (DeBach and tvhite, 1960)" In the fj-eld
in January when temperatures are sì-milar, a generation

can be expected to tahe 1+-2O d.ays to completer so that

1J- to 2 generations of Ar--&.l.inug. shoul-d be completed

before the residue of the insectlclcle l-ost its toxicity.
Any immatur'e parasites which were not killed by ltafdison

would be likely to d1e whenr âs adults, they contacted

the lethal resldue. an application of O.15rl ivial-dison

should severely red.uce the size of the population of

A, mel-inus"

An oii- spray, by contrast, wlJ-l kiIl those adufts

and immature stages contacted, but any adults emerging

more than three days after spraying shoul"d survive.

A spray of oil- is likely to cause a l-ess severe

reduction in the size of the popul-atlon of A"_rng,li4U-qr

than one of ivialdison.

3.5 EXPErìIi'ÍENT 1 (f). Nutrient Sprays"

The only other residues commonly found on citrus
trees aïe those of the nutrient sprays. These are

applied annually using a mixture of O"2/" Zinc 0xlde,

O"+70 rvianganese sulphate and O.Uo Urea in one spray"

The effects of the combination (and al-l- comblnations of

one, two or three of the nutrients) on adul-ts of

A,. mel-inus was assessed using the same technlque.
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The number of dead parasites was counted after four and

twenty hoursr conflnement. Àn analysis of variance was
Jo ho,.^- C,ot{rìtS

carried out on the coulnts et 20 heurs (tabl-e 19 and 2O).

Seven repllcates of each treatment were used and

l-eaves were col-lected for assessment as soon as the

spray had dried.

TgBLE 19,
c-onF,,.ecl Çoc(.r) Ço.^- l.orrs

Iuiean number of dead ad.ul-ts aS:@
c^"cl (b) lt..rcntur hor¡cS
Æ over residuesof nutrients.

i{ean No. dead
Adul-ts 20 hours

TVIEAN S" D.

l+.:

3.6

4.3

3.6

1.9

3. O

2.6

2.+

2.1

0.8

0.8

1.0

o.9

1,5

2.O

0.8

o" 2% Zn

o.+% NIn

o"7r" V

o"2% Zn + o"$, tn
o.2% Zn +' o"7% TJ

O.+7o ]{n + O,7"/" U

o"2/; zn + o.\7i, rtn
+ O"7/¿ U

Control o.9.

0"3

11

11

1111

11

0.3

0.3

o"5

0.9

o.oo"o

o"+

o,g

o"5

ùiean No. De
Adul-ts - +

S. D"IVIEAN

rs
ad
hou

T LÌiI¡T1VJIIIIIT
(U = Ureai Zn = Zinc
oxide; iurn = ivianganese
sulphate).
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TrtB.Lil._ 20

Resumå of anal-ys1s of Variance on 20 hourst confine-
ment data.

v_eei.cËpn_ùre_le

RUPLICATES

T rìì.;lATtviEiVT S

R¡JSIDUAL

D"F ec.
Li. lJo

B i-6"
38.268

50.1 07

ir*S."

1 .+1 1

5.)67
1 .193

V. R.

1 .18
4,59

N"S"

äx
6

7

\z

T0Titl 55 96.839

L"S"D" 5i5 (treatment means) = 1"2

The resldue of the O"2/; ZLnc oxlde spray and the

O"7% urea spray killed more adults than dled in the control-.

i\lo more adul-ts died on l-eaves ulth a residue of the ful-l
combination than on the control- l-eaves, therefore it can

be assumed that such a residue will- not reduce the number

of adults of A: _eS]ir-rqg.

Itio attempt was made to examine the effect of these

sprays on long terrn changes 1n populations of red scale

in the fiel-d" Griffiths (1951) suggested that zinc

sprays prevent the growth of entomogenous fungi on Florida
red scale (Çhryç,omphal-U,s__Éicl.rs Ashmead), and therebyr

cause large increases iri populations of this pest.

Entomogenous fungi are present in the Rlverl-and but are

thought to be of littl-e or no value in the control of

red scal-e (personal cominunicatlon, IvIr. i\i.L. Richardson,

Senior lìesearch Officer, South sustral-ian Department of

Agrlculture). I suggest that any such effect wlLl be

of no consequence within the Riverl-and.
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tr. I I{.LILQ!UCT.IOJ..

Although not a commoit practice, parasites and

predators have been collected from the fiel-d in one

ar'ea for use against a host j-n another (I'landers, 191+I+a).

If large number's of & nrel-i_nuS coul-d be coll-ected

from the field, thÍs would increase the number of sltes
colonised in one season. A,dul-ts, hor+ever, are so small-

and delÍcate that any attempt to collect them in large

numbers would be hazardous" Immature stages, in
contrast e are sessile and can easil-y be collected in
large numbers by picklng oranges infested with red scal-es

that are parasitised. by &-_qe.Li_{UÀ9" Early experiences

suggested that col-onisation could be achieved by

distrlbutlng such oranges in trees (nppendix 2) "

Adul-ts of Ar__-re"1..r.n1¿S. were col-onised in two trees,

botlr heavily lnfested wlth red scal-e, ât the southern

end of an orchar:d 1'/ trees r^¡ide and 28 trees 1ong" A

v¡ire basket (30"5 cm x 2O") cm x 25"+ cm)r fil-led with
oranges (about ,O) infested with red scal-e, lras placed

underneath each tree. rrt approxlmately two weekly

intervals, hal-f of the oranges in these baskets hlere

replaced. Those removed l4rere dlstributed around the

orchard, putting '1 I into a smal-l wire container, one of

which was hung in each third tree in each third rou.
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This was started in tr'ebruary: and each candidate tree

had received such a bashet by July 1969"

). 2 Ar{.

the alm of this experiment was to examine the

relative merits of taking red scales from a breeding

basket or directly fr'om trees for the distribution
technique listed above"

4,3 ÞiETHqp,"

The oranges from five breeding baskets were

taken to the insectary after all the adul-ts of A" melinq
present had been counted and removed. 0n each of the

next 1 3 days, those adul-ts whlch emerged were counted and

removed" By the thirteenth dayr any eggs laid whil-e

the or'anges were in the fiel-d should have developed to

adults.

One group of 57, and 20 groups of 15 oranges,

were collected haphazardly, one group per tree, from

trees in which Ar_qe_lgq¿g had been observed. These

\Àiere treated in the same way as 'bhose recovel:ed from

the breeding baskets" In both cases only very heavily

lnfested oranges l¡rere col-lected and an attempt was made

to have approximately the same number of red scal-es on

each orange.
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+. + RESULTS.

The mean number of adults of a. mel-inUs emerging

from the red scales on one orange from each source, is

shown in Table 21.

TTTBLE 21 .

Source of oranges used, number examined and mean

number (and standard error) of adults whlch emerged from

red scales"

S. E. OF
IViEAN

B.o

2.1

The number of adul-ts collected, each day¡ from

the oranges from the first breeding basket is shown in

Flgure 9 to ill-ustrate the daiJ-y varlation in the number

of adults energing"

4" 5 Drscu.gsroi{.

The results showed that many more adul-ts of

4:--melingE- I^Iere produced from the scales on an orange

out of a breedlng basket than one on the tree r even

though the nunber of scales on each orange was similar.

This indicates that r âs a source of A" mel--lnus for

spreading around an orchard, breeding baskets are of

considerable vafue. The breeding basket, is, virtual-lyr

Breeding
Basket

Tree 357

239

g"+

25"6

TOTrrL NUi'iBiiR
0F ORHrVGllS

SOURCIT OF
0R¡itVGES

rviEatV NUllBilR 0F
ADULTS FROr'i SCaL,lS
0N ONI,I Oilait1GE



FIGURE 9

Hisiogi'am showing the number of adults
of A. nel_lnLs. produced from breeding basket
iVo. i each day for 13 d.ays after removal-

from the field.
Day O; is the number of adul_ts counted.

on the oranges before the basket was removed

from the fiel_d"
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a miniature fiel_d insectary,

The greater number coul-d be a re,sult of one or

both of the following effects"

1. Red scales are cl-oser together when the oranges

ar'e 1n a basket r.ather than hanging on the tree"

This should reduce the amount of time spent by t,he

adul-t femal-e 1n searching for hosts and, thereby,

al-low her to fay more eggs (DeBach & Smith,, 19+1).

2" Adults of $" qe.]i*4ps will be cl-oser together,

increasing the probabillty that any one female wil_l-

contact a mal-e and l¡e mated. Thls shouLd increase

the ratio of femal-e to mal-e progeny 1n the next

gener'ation (mated femal-es produce femal-e and male

off-spring, but vlrgin femal-es produce only male

off-spring, DeBach & .lihite (1960) ) and, therefore,

the total number of adults in the second generation.

This field distribution system coul-d be integrated

into the overall programme for the distribution of

A. melinus around an orchard by preparing one or more

such baskets and moving them around an orchard, on a

three by three tree grld for example, leaving thern under

any one tree for long enough for i OO adults to emerge"

This woul-d have been achieved if a breeding basket

producing at the rate that the mean of the five produced

(lable 1 E) uras hept under a tree for a little over one

day (9+.1 adul-ts each duy). Changing every two days

woul-d have been ad.equate.



Bo.

5. DrscussroN.

5"1 THE-PBOGRIIS$ -QF BrOLO.G,Ip¿L COr\TiiQI 8F RjrD SCALE

rÄ_ THE RI-/EIìIÁND.

A rapid decrease in the number of living red

scales has been observed (2"3.2) bu'b, despite this

decrease, l*o to 5o7å of the frults examined' during the

second harvest after 4.. mel-inus- was refeased (2"3.+) t

r^rere st1ll- infested. with red scal-e. This degree of

control- coul-d, lmprove in subsequent harvests as elther

or both of the fol-lowing facLors operate 3-

(1 ) Experience has shown (DeBach, 1951) that a true

idea of the effectiveness of a project cannot be

obtained untíl- two to four years aÍter' rel-ease.

The above observatlons were made less than two years

after $" melim¿s was released.

(2) The trees examlned v¡ere in an orchard surrounded

by areas treated with insectlcicle. Àny drift of

insecticide into the "biologlcaf control-rr orchard

and any mlgration out of this area by A. melinus

wil-l reduce the number and, therefore, effectiveness

of this parasite. As more contiguous orchards and,

therefore larger areas, cease to use insecticidest

the degree of control- should lmprove in each.

iVeither ants (DeBach et 4r 1950) nor dust

(Bartlett, 1951) interfered with A. mel-inus in this

orchard.
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Turnbull- and ChanL (1961) defined complete

control as being achleved when economi-c damage is not

significant, and described any measurabl-e r:eduction of

damage as partial control" Such partial control- has

been achieved over' red scal-e by 'bhe use of g.--t¿g]-:!4qg-

and is of value to the orchardist and to the overal-l

programme to implement biological control" ,lhe

intr'oduction of any parasite or predator that reduces

the size of the populatlon of the pest is a step forward

(Simrnonds, 1956) 
"

fnsect pests i^Ier'e split into two 'ffi" categori-es

(Turnbul-l ct Chant, 1961) depending on the relation of

the numbers of the pest to tlie damage l,hey cause.

¡, ditect-pggt is one where a srnall population, by

directly attaching produce, immedlately destroys a

significant part of' 1ts val-ue. Incìirect pests attack

produce and cause economically significant damage only

by j-ntensive or extended feeding.

in l-isting all- attempts at biological- control in

Canada they found that seven out of nine attempts fo

control dir'ect pests but only eleven out of twenty four

attempts to control indirect pests, fail-ed" They

suggested that direct pests ruere not suitabl-e subjects

for biological control. l-his conclusion was

supported by Oosthuizen (196+) when he ci-aimed that

only on l-and of l-ow monetary value could biological
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control- of weeds be contemplated. The failure to save

the Bermudan cedars (Thompson, 195\ even though the

scal-e insects killing them were reduced to Jow numbers

by parasites and predators is an excellent example of

the f ailure to control- a direct pes'b.

Recl scale is presently treated as a direct pest

in Riverland areas with this status being conferred by

legislative action, i" e. oranges wil-l not be exported

if they are lnfested by red scale (c"f. Introduction).

Its immediate eff ect, ho\,'r:ver, upon f ruits or trees is

that of an indir'ect pest, dairrage to elther only

occurring when great numbels are present. If frult is

to be sold to a factory (1.e' for julce), some

infestabion can be tolerated. and again r'ed scale is an

indirect pest. The degree of control achleved at

pr.esent by ¡.-_ug-fi!qå is adequate only if red scal-e can

be treated, as an indlrect pest. If, however, control-

improves to the degr'ee achieved in South nfrica

(Bedtord I 1968) where less than one percent of ol?anges

ar.e cul-l-ed because of red scal-e, then control- wil-l- be

good enough even i-f red scale continues to be classlfled

as a direct pest.

5"2

The immedlate advantages, cheaper and' more

permanent conbrol, ild reduced chance of lnseCticide

polsoning of spray operators, aT'e obvious"
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In some seasons and some areas the mealy-bug

Pseudococcus adonidum L" ) achieves the status of a(

pest but a number of its parasites and predators are

present in the Riverl-and (Browning, 1959). There are

some indications that lhe numbers of nrealy-bugs may

increase where i'ialdison is used to control- red scale.

It is bel-leved that the numbers in the Loxton area are

sJ-owly increasing from a situation five years ago when

they hiere vlrtual-l-y unknown. (Personal- communication,

rvrro I,v.J" Basket, Farm Club ¡,dvlsorr Loxton). At the

same time, red scale has mlgrated into Loxton and

ruial-dison has been used. The orchard with the worst

problem in Loxton has been sprayed two and sometimes

three times in each of the last five years with iral-dison

(personal communication, lvir. i. 'J" Basket ) .

This is a hint, not proof, that mealy-bugs may

no longer be a problem if A._]4efr-4[¿_g_ is controlling red

scal-e.

5"3 0

lrdequate control-, 1f red scale is cl-assed as an

lnd.irect pest, Ìüas achieved in the vicinity of the release

site by e_p,eling"g" withln i 4 months. In each replicate

(2.+) control (defined in this case as less than ten

living red scal-es on every 150 leaves) rtras achieved 1l+

months after col-onisation. Both red scal-e (Botham,

1961) and A:--me.f.ig¿.g- (1 "9.3"+) are nuch less active
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during winter than summer. Iìather than say that

control wil-l be achieved in any 14 months, which may

inci-ude variabl-e numbers of months of summer, I suggest

that it wil-l- be achleved at the end of the summer after
the season in whlch lr. mel-inus was colonised"

Clausen (1951 , 1958) by examining recor'ded

pro j ects in biol-ogical control concl-uded that if a

parasite could control its host vithin three years

(which may be only three generations ) it might be a

parasite which wil-1 give complete control. l\Tot al-l

parasites that do this necessarily glve good control in
the long term (Doutt and Detsach, 196))"

the achieving of control- by A. melinus within

three year's in the tìiverl-and is cause to hope, but no

guarantee, that permanent control- wil-l- ensue.

5"+
tr"À,L!1S..

l,Thile the observed rate of reduction of red scal-e

uras spectacular (Figure B) it is in fact no greater

than that recorded in Pjeudqçlezus_e4o4idw. L" against

which two parasites were rel-eased ('+l-anders: 19t+4a) or

l_n Saissetia oleae (Bern. ) agalnst whlch rvletaph.yçuå

Le-l--ygluå (Compere) was released (argyriou and DeBach,

1 968) .

Control- of Pier:is rapae L" \^Ias achleved bv

rrpaqtele-s Elomer,atus L. withln 12 m nths (r'tuggeridger
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1 9+3 ). Three months was all that was required by

PfeuroJfppi.S-Barirul-us, Ferr. to control- Plome-cotheca

reichei Ba1y. in Fiji (tayl-or, 1937). None of these

are as fast as the epi-zootic created by application of

a polyhedrosis vlrus which reduced a fleld. population

of 100 larvae of gqlias philglige-s!Ë,y.the.m,e. Boiscluval-

to zero in seven days (Thompson, c.G., 1951 ), rn

the Iì-ght of these examples the rate of reduction of

the number of red scales seems rather sl-ohr.

5 " 5 Los,r 0F PIìQ-D.JLCT.LQI-BÉF 0IìE--!-0''IJRQL AcLrovriD-"

Both Simmonds (196O) and Ullyett (9+6) warned

that there coul-d be considerable economic losses to be

faced during a transition from control- of red scale by

insecticides to parasites" Observations taken during

such changes (Bedford, 1968) I when the use of parathion

was stopped and, indigenous parasites and predators

allowed to mlgrate lnto the area, showed that complete

control was regained within three years and that while

losses did occur in the first two years, they were not

significant.
The sltuation in the iìi-verland is different to

the extent that, when the use of iural-dison is stopped,

A:-q{@. can be introduced and spread over each

orchard and this can be done no more than three months
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after the last spray. The resulis of Experiment 2

(2.4) and the experiences of Bedford (1968) suggest

that, while there may be an increase in numbers of red

scales after cessatlon of iuraldison treatments, this

shoul-d not cause serious f osses.

Oil sprays (3.4) would have a mlnj-mal- effect on

the popul-ation of A.---rnelinus- and could, if needed, be

integrated (Inserra, 1968) lnto the col-onisation

procedures to reduce the numbers of any outbreak of red

scale.

5,6 RI' I

Brewer (1971 )rafter' examining the value of

Com'oeriella bilasclata How. as a parasite of red scale,

suggested that ecto-parasites may be of more value in

controlllng pests than endo-parasites because the

former are not subject to immunity responses by the host"

The effectiveness of 44.!!ry. as reported in

thÍs thesis has certalnly justified his suggestion

about the rel-ative merits of the ectoparasite Aå-re]inus-

and. the endo-parasite C. bifasciata. I\o concluslon of

a more general nature is possibl-e.

5"7
oF A PA{ASITE FOR,ÇOLOIVJSATION.

It has been claimed that colonisation is usually

made uslng adul-ts since rrimmature stages are more
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difficult to colonlse and. may be more subject to

destruction by unfavourable meteorol-ogical conditions

and, by predatorsrr (DeBach & Bartlett, 196+). I suggest

that this statement is too general" Rohth Tooke (1955)

and Dodd (19+0) released eggs and trl-anders (1959)

released, larvae or pupae because these were the most

efficlent. A number of factors need to be examined in

each case ?, -
i. The comparative success in col-onisation

achieved using different stages of development.

2. The ease of handling different stages"

3. The costs invol-ved"

I suggest that, these factors will- vary with each

situation and that this thesis illustrates how two

different stages of the same parasite coul-d be needed'

in the same project. Only adults can be released

from the insectary (1 
" 1 ) because with them the costs

of production and distributi-on are J-east, but lmmature

stages shoul-d be used if material for rel-ease 1s to be

coll-ected from the fi-el-d because this mini-mises the

cost of col-l-ection (4" 1 )'
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6 " APP,EivDrcES

aPPEitIDIX 1 .

An estimate of the costs invol-ved in appl$ing

the two insecticide treatments currently recommended

by the South r¡.ustral1an Department of Agriculture

for the control- of red scal-e.
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APPEI\TDIX 1 
"

0ct ber Sþra-y with O"15/" ruraldison

rvialdison estimated (1g7O) to cost $1 'BB for a

hund,red gallons of spray strength solution' This is

the mj-nimum cost - some brand's are more expensive'

J*nuary Spray w1¡,- 2f1" Oil Qïít is recommended 2% is

commonlY used) '

Oil- estimated to cost \l'1 '72 f or 100 gallons of

SpraY strength solution'

At l-east 1 O gallons of material is required to

cover a 1J yeax ol-d tree in good health if sprayed by

an oscillating boom machine"

Spray material- alone r'vould' cost for each tree
a

1 st spray

Znd spray

1 B. B cents

17.2 cents

Anoscillatingboomoncontractcancost$15
to S1 B an acre. Assuming þ1 5 and 1 00 trees an acree

this will cost 15 cents Per tree"

The number of trees in an orchard' ranges tron 75

to 3Oo per acre but 1 OO is a common figure' This cost

will be addltional to spray materlal'
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APP]INDIX 1

The cost for one tree wilL be as fol-lows (cents ) .

These are the minlmum costs and are frequently

exeeeded.

The estimated number of trees at and upstream

from liiaikerle which require spraylng (gUi; of ùotal-)

each year for red scale is estimated to be 1r471358.

Atr 66"0 cents per tree the total cost 1s S968 r+56.28.

15.o

1 5.O

33.8

32.2

30. o 66"o

18" B

17.2

36"0

1 st Spray

2nd Spray

TOTAL

TOTALAPPLICATIONi'lJ{T'iRIAL
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APTruD.IA_¿

Successes and failures in col-onisation by

rel-ease of adul-ts or pupae of A. mefinus from

December 1968 to ruiarch 1969 in the field in the

Riverl-and.
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APJU!I-E_E a

Orchard at l'laikerle.

Other orchards.

+

1

2

1 o

3

1

10

1

1

5

+

10

1

5

1

'1 0

1

15

150

200

Bo

100

200

100

t+OO

200

6oo

2000

BO

500

200

1 000

t+OO

3000

Adults

Pupae

Adults

AduLts

Pupae

Pupae

Adults

Pupae

18.11.68

10.12"68

28. 1 .69

10. 2"69

1 o. 2"69

27 " 2.69

5. 3 "69

5" 3.69

NO. OF
SUCC -
ESSES
IN
COLONIS

ATION

NO. OF
FAILURES

IN

COLONIS
ATION

NO. OF
PARA-
SITES
PER
TRtrE

NO. OF
TREES

TOTAL NO.
OF PARA-
SITES
RELEASED

ADULTS
OR

PUPAE

D¿TE OF
RELtrASE

+

3

2

2

2

i

5

6

2

t+

125

180

200

t+o

7o

9o

5o

7o

5

B

6

2

ô
¿_

t+

2

2

Adul-ts

Adul-ts

Adul-ts

Adults

Adul-ts

Adul-ts

Adul-ts

Adul-ts

6+0

145o

1 200

8o

r4o

360

100

1+o

3i .1 O.6B

28. 2.69

1,11.68

7.11 .68

7 "11 .68

7.11.68

1+.11"68

1l+.11.68
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APPEND]X 2

Summar,v of. sucgpsses an.d failures.

Rel-ease of adults.

uleighted average r/o success 51 .

Release of Pupae.

10003636
'1 00- 200

100

36

l+l

100

2

l+

9

7

o

7

13

o

2

11

22

7

o -49
50 99

1 0o -1gg

200

/'
succes s

Fail-uresSucces sesNuraber
trees

Number
released
per tree
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The detail of results for Experiment 1

includ.ing (a) Dates of release into each block.

(b) Percentage of parasitisation data

recorded for each sample from each

block.

Appendix 3 (a).

The dates when A. meLinus was released into

each bl-ock.

12.

20.

6.

1+.

20.

21 "

1.

Ì+.

17.

2,70

2"70

4.zo

). To

4.To

4.To

5"70

5.70

6.70

1

¿

3

+

5

6

7

B

9

DATEBLOCK
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APPEÀIDIX 3 (b) 
"

1 st Sample after release of A" mel-inus (f our weeks ) .

trSTIi'u{IIlíj QI% PAR+SITL¿ATIIN L =l-oin¡ M=medlum
H = high densitY of

red scal-e 
"

L

rvi

H

L

ri

H

L

IVI

H

L

ivi

H

L

lvi

H

L

ivi

H

0"o 0"0 0"o 10"8

o.o o" o o.o 3" +

o.o o.o o.o 5.6

U

o

o.o
0"0

o.o o.o

o. o o.o

0.0 o.o

o

o

U

0

^

1o"o

U

0

o

0

o

0.0

1"0

o.o

,.4
3.8
4. 1

0.0

28.3

17 .1

1 2.9

0.0 o. o

0.0 o"o

0,0 0" o

37 "5

28. ¡+

3"7

13. 3

0.0

o.0

39"0

32.3

Bo" o

0.0

5"1

0"0

o o.o

o 0.0

o 16"7

50.0

30. B

29.)

50"o

)2. g

1.9

0"0

o"o

o.o

o"o

9"6

+"8

o.o o"o 58.8

o.o o.o

0.o 0.0 0.0

o

4.2
0"

o

o

1.1

0.o 0.

0.0 o.

0"0 3

0.

0.

16"

0"0

0.0
o"o

0.0

0.0

o.0

5.6

20.7

1.3

o"o

o.o

5.6

38"5

15"5

16"3

0.0

3.3

1"6

0.0 0.0

o.o o"o

o.o o"o

25.O 100.0

o. o 42.3

20. o 6"3

1+.+

\7.1

2.3

o.o o"0

o"0 23.0

0.0 o.0

27 "3

5"5

4T.z

o.o

35"7

54" 3

0.0 0.

0.0 0"

0.0 0.

6

o

o

o

o

0

Bl-ock

6

+

3

.)
L

L-g-af sampl-es-
Number of parasites

releas ed
o 10 100 1000

Density
Scal-e

Fruit samples
Number of parasites

rel-eased.
o 10 100 1000
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2nd Sample__:!l!er Release .(eieht weeks) 
"x wieconlum found

0

0

o

o

0

U

.0 0.0 0. o 9"1

o.o

1.3
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o 0.0 0.0

o o.o o.o

0 0.0
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0.0 0
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0.0 0

0

o

^

o
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2"O
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o"o o.o o"o
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o o
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L

IVI

H

L
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H

7

B

9

o.o
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o.o

0"0
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0.0

o.o

0.0
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o.0

o.o

o.o

0"0

l+4. I

o. o]É

o.o

16.7

16 "7

0"0

0.0

0.0

0.0

0.0

o.o

60. o

o.o

31 .5

23" B

5+"5

42.9

18,2

o.0

25.O

33.3

o.o

0.0

33"3

50" 0

,7 "5

21 "1

22" O

22"5

Bo.0

6o. o

16 "6

0. oì.

5"e

,.o

0.0

o"0

o"o

0.0

0"o

o"o

0.0

0.0

o.o

o"o

o"o

o.o

:Ë
o. o-'

1.1+

0.0

0.0

21 .7

15 "O

o.o

0.0

o.0

o"o

o,o

0.0

32"1

¿"¿

20 "g

zz.)

37 "o

26.7

7"3

0.0

0.0

66.7

50" o

50.0

22" 9

27.+

z6"z

17 "2

19.2

27 "1

50. o

50. o

80" 0

45"5

36"+

12" 5

L
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H

L
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H

L
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H

L
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H

1

2

3
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APPEl[prX I (b).

o. o 0.0 10"0
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o.o

25"7

15 "3

6"9
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0.0

0.o

o.o

o"o

o"o

3.5

42.8

0"0

3.6

o" o 0.0
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APPENDIX I (b)

tvlean val-u es for nercentaEe of red scales Ðarasitlsed"

1 st Strr'rPLE" t
F

= Red

= Red

s cal-e

s cal-e

on leaves.

on fruits"

1+. o

6"3

6.1

33. O
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31 .+
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APPEIüDlX__l (c )"

o

1 st Samnfe after release"

2nd Sample after rel-ease.

T d cales

% parasitisatipg.

/"'oarasitisation.
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An

which hrere

estimate

sui t able

APPE}IDIX +.

of the percen'bage c¡f r:ed scales

for parasitisat,ion by À-_rugl-l-_4tirå"

number

Counts of number of suitable scales and total

of'scales on feaves from ten trees in Orchards

, 2 anC l.
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APPENDIX 4

to6
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12"O

11 .2

15 "o

e"5

3.7
10. o

9"2

12" B

ORCHARD 3.
Suit-'Total- %
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OIìCHARD 2"

Total %Suit-
able

ORCHA}ìD 1 .
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S.D. of mean 5.9
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APPtrNDIX 5

Debailed resul-ts of Experiment +.

( a ) O .1 5f' r{al-di son 1B.B.70

( b ) O.1 5% rvialdi son 4"to.7o

(c) O"l5/" rvlal-dison

(d) 2t¿% oil-

4" t "Tj

4. 1.21

(e) o"o75f, Omethoate 8"12"70

(f) Nutrients.

The great majority of the counts of the number

dead in the controls r¡/ere 0. They have not been

included"
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T ÁTiI¡RED

RESTDUE oF o.15% i'iAlDrsor[ - Ápprr¡]p l€l8l?e
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APPEI'IDIX 5 (a)"

RearranEement of data and calculations to determine

!Ë50 Value '

Probit transformation from Table 9 pisher & Yates
(1 9+3 )"

tvlean values of number dead less than 1O"O only used.

Correlation calcul-ated between d and probit"

6"126

5 "613

5"64t

6.\o5

7.326

2"67\

o" 301

o "699

0"903
oo

1 . Ol+l

1 .176

1.380

B7

73

7+

q2
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1

o

o

o

o

o

o

0

0

0

o

o.o

8"7
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9"9

0"1

?,6

3B

Ir
4¡

4B
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OI

'/" kill
log "
iVo. days
(d - 33)

t/
/o

ki11
Ìviean dead
in contro-L

ùiean No,
dead

No. days
weatherj ng
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SPPE.NDIX
AgPÐNÐ+X 5 (b).
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APPIIÀIDIX 5 (c )"
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APPi"rrlDfX q (d) 
"

Number dead adults after four hourst conflnement over

a l-eaf carrying a weathered residue of Zbya oil sprayed

\.t "7t.
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AP_F"udu-!¿--ll (e)"

l\tumber dead adul-ts after four hoursr confinement

over a leaf carrying weathered residue of O.A75"/" Omethoate

spraYed 3 "12"70"
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,SPPDTVDIX , (e).
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aruN¿Ix 5. (f ) .

counts of number of dead aduLts after four hourst

confinement over residues of Nutrient 'Sprays'

zn = zinc oxlde ru.tn = Ìvrâflganese sulphate u = urea

tfter twenty hoursr confinement.
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APPIII.DIn 6

iìating system used. to es1.j_mai;e the size of

the population of red scal_es on a tree"
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APPùlDf,i 6

l2O leaves sel-ected haphazardly from a tree (not

renroved) with the provlso that 1 oo are sampled 1n each

of the cardinal- quadrats of the tree, lOO from the top

of the tree and 20 from the centre"

Each l-eaf l¡as given one of the folJ_owing ratings 3

o

1-+
5 -12

13 -25

wiore than 25

o

I

2

3

+

Num-ber of Iled Scales PresentRating

The number of l-eaves in each rating was recorded"

The index was determined by multiplying the number

of leaves in each rating by the number of the rating
and then adding the ¡+ numbers together. This was

reduced to a val-ue appropriate to 1oo l-eaves (estimated

on 52O leaves).

The number of red scales Ïras estimated by summing

over all ratings the number of leaves multiplied by

the mean number of red scal_es in each rating.
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