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ST'}IHARY

Studies of biology of California red scale, Aonídiel-la aurantli
(Mask.), and its natural enemy, Aphvtis melinus DeBach, were conducted at

the lrlaíte Agricultural Research Institute (t{.Â.R.I.), South Australia-

Field and laboratory experiments showed that survival and reproductive

ability of female r{rasps of A. melinus are functions of a carbohydrate

source, i.e.¡ honey or flower-nectar. By contrast, host-feeding of female

wasps has little effect on survival time and reproductíve ability. Ttre

host-feeding can cause only little mortality of red scale of growing stages

if the wasps have no access to a carbohydrate source.

A patchy population of red scale was constructed to test the searching

efficiency of one-day-old female wasps of A. ry!@. This population

comprised several densities of red scale; different nunbers of host citrus
fruits were used to naintain the same total number of red scale in each of

the densities. Results showed that wasps gave a ttfrequency responsett

instead of the classical Hollingrs functional response: the mortality of

red scale was not aggregated in high densities of host scales. The waspsl

searching efficiency varied greatly with the availability of carbohydrate.

Field and laboratory experiments tested the influence of extreme

temperature on the mortality of red scale. Mortality was influenced not

only by the values of the extrenes but also by their durations. Similar

results were obtained for pupae of A. nelinus at 45"C.

Orchard experiments were conducted to measure the tenperature I mm.

above and 5 mm. under the skin of lenons Ín the sunlight. In sumner' .

scales in the sunl-ight on lemons could experience a tenperature 15"C higher

than anbient (in a Stevenson Screen). Also in the orchard, cohorts of red

scales were exposed to the sun in summer to measure the effect of extreme

temperatures in the sunlight on nortaliLy. The drop-off rate of a cohort

in relation to extreme temperatures lras also measured. The drop-off rate

was not a function of extreme temperatures but a function of the duration

after the cohort had been started.
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From l4ay 1984 to March 1986, the population dynamics of red scales on

lemons were studied in the Irr.A.R.I. orchard. Samples were taken with an

ínterval of about 95 day-degrees, greater than 12"C. After overwintering,

the population of red scale started to grow in early November (mid spring)

and stopped in late March (late suruner) of the following year. A

mathematical analysis indicated a threshold growth of the red scale

population occurred at the mean of about 18.5oC for an observation period

with 95 day-degrees greater than Lz"C. The positive trend of the growEh of
the population during this period was not reversed by the extrenely high

tenperatures in sumner. The daily minima below 8.5"C could cause a

signÍficant mortality of red scale (young stages). The parasitoid, Â.
melinus, showed a poor ability to regulate the population of red scale.

Also detected or measured were (1) the influence of nethods of

transferring crawlers on the mortality of red sca1e, (2) the identification
of stages of the development of A. p!!ryg at 25"C and 75% R.H.' and (3)

the growth of Phacel-ia sp. at constant temperatures.

For field experiments, a special microscope system Ì¡as constructed.
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CIIAPTER 1.

INTRODUCTION AND OBJECTIVES



CHAHIER 1. IIIIRODUCTTOI{ AI{D ORIECTIVES

My study was designed to al1ow a better understanding of the

population dynamics of California red scale, Aonidiell-a aurantií (Mask.),

in the experiment,al orchard of the l,Iaite Institute in Adelaide, South

Australia. In particular the study involved the quantification of the

seasonal abundance of red scale on lemons and a series of experinents in
the laboratory and in the field which were desígned to quantify

(1) the influence of the duration (hours or days) of extrene temperatures

on survival or reproduction of red scale and/or A. melinus and

(2) the searching efficiency of A. melinus on red scale in relation to
differences of food supplies (for parasite).

l.l. Aonidiella aurantii (Hask.)

CalifornÍa red scale is one of the most important pests of ciËrus in
California, Australia, South Africa, and northwestern Mexico; it is a najor
pest of citrus in the eastern Mediterranean Basin, North Africa, and parts
of South America; as well in China (Quayle 1938; Ebeling 1959; U.S. Dept.

Agri. 1978). As a major pest of citrus, it is known mainly in subtropÍcal
areas, generally between the latitudes 25 and 40 degree north and south

(DeBach 1960).

California red scale can infest all the above-ground parts of citrus
trees. Heavy infestations may severely set back or even kill the tree
(Ebeling 1951). The life history of red scale was worked out as early as

the 1910ts (Quayle 1911). Itfs biology ï¡as further investigated by Nel

(1933) in a oomparative study of the red and the yellow scale. Later,
Dickson and Lindgren (1947) and others made a field study of its seasonal

history.
The stages of development of red scale have been classified in

different ways. In the 1950rs they were described as: crawler, white-câp,

nipple, first moult, second noultr gray adult and adult stage in order
(Ebeling 1951). Later, Abdelrahnan (1973a) divided development into the

stages: crawler, lsL inst,ar, lst, noult, 2nd instar, fenale 2nd noult (also

male prepupa), female 3rd instar (also male pupa to adult) and female adult
stage. He divided all the stages into two categories according to the

sexes of scale insects. From the crawler stage to the second instar were

considered as the sex-indistinguishable stages and from second moult

(female) and prepupa (male) to adulL were the sex-distinguishable stages.

By contrast, researchers in California University (1984) believed that
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development of the female and male scales is the same only until the first
moult ends (one stage earlier than Abdelrahmanrs).

A field srudy by Aukinson (1977) established a threshold temperature

of 12oC for the development of red scale and, for the completÍon of one

generation, a requirement of 580 day-degrees above L2"C. By comparison,

Mclaren (I97L) estimated a threshold of 15oC for the growth of a population

of red scale in the field.

I.2. Aphvtis melinus DeBach

This parasite has been known for many years as a good agent for the

biological control of red scale in California. It was introduced into
California in 1956-1957 from India and Pakistan and soon proved to be the

nost effective known natural eneny of red scale. Since 1959' A. melinus

has been transferred from California to numerous other countries (Rosen and

DeBach 1979).

1.3. Studies of Red Scale and its Aphvtis Parasites
Many studies have been done world wide buE especially, from the

1950rs, by DeBach and his colleagues in U.S.A. who have been interested in
the broad spectrum of the biology of red scale (DeBach 1946, 1958' 1965;

DeBach, Hendrickson and Rose 1978) and its parasitoids, especiaLly Aphvtis

spp. (DeBach 1954, L957, 1959, L966; DeBach, Fisher and Landi 1955; DeBach

and Sisojevic 1960). They have also studied at length the biological and

chemical control of red scale (DeBach 1950, 1951, !952, 1960; DeBach and

Bartlett.1951; DeBach and Landi 1961; DeBach, Land and Llhite 1962; DeBach

and Arguriou 1967; DeBach, Rosen and KennetL 1971) and experimental

methods¡ €.g., for the cultural control of red scales or for the assessment

of the role of the parasites (DeBach and Erickson L952; DeBach 1955; DeBach

and hlhite 1960; DeBach and Huffaker 1973).

The influence of Aphvtis parasites on the population regulation of red

scale has been thought to be affected nainly by various bíotic factors,
namely,

(1) the availability of the host scale insects and especially the

influence of the different developnent stages of scale on the

fecundity of adult Aphvtis (DeBach 1969; Baker L976, Luck and Podoler

1985, Opp an Luck 1986),

(2) host plant, which affects the fecundity and efficiency of Aphvtis,
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(3) a food for uhe adult parasite, namely, carbohydrate and proteinaceous

food (DeBach and I,lhite 1960; van den Bosch and Telford 1964),

(4) honeydew-seeking ants, which affect the numbers of Aphvtis mainly by

interference with the adult parasiÈe (DeBach, Dietrick and Fleschmer

1951; DeBach 1958, L966; Steyn 1958).

The influence of physical factors affecting Aphvtis in the population

regulation of red scale were mainly considered as (1) tenperature extremes

(Lord and MacPhee 1953; DeBach, Fisher and Landi 1955; Kfir and Podoler

1983), causing high mortality and reducing searching efficiency of Aphvtis

adult r{asps and (2) low humidity, combined with high tenperature, which

could seriously reduce the numbers of egg laid by adults of Aphvtis
(DeBach, Fisher and l¿ndi 1955). Other factors which have also been

considered to influence the role of Aphytis are airborne dust (Bartlett
1951) and light (photoperiod and/or intensity) (DeBach, Fisher and Landi

1955; DeBach and lühite 1960); and so on.

Chemical treatment used to control red scale has also been a factor
in the interaction of red scale and its parasites. DeBach (1965) reported

that all insecticides, i.e. DDT, tosaphene, endrin, and dieldrin,
eventually caused host population increases of 40-60 fold in the inland

areas. In the coastal area only DDT caused impressive increases but these

r¡ere over 200-fo1d. After application of DDT, a period as long as 3 years

was needed for a population of red scale, upset as a result of DDT

decinatÍng A. melinus, to fa1l again to the economic injury threshold
(DeBach, Rosen and Kennett 1971).

Since the 1970ts, sone intensive investigations on the population

dynanics of red scale have been made. For example, the influence of
natural enemies and environnental factors on the population fluctuation of
red scale in S. Afríca were discussed by Atkinson (1983a, b) and a

mathenatical model was built on the searching effi-ciency of Aphytis on red

scale by Luck, Allen and Baasch (1980).

However, the role of Aphvtís sp. in the populaËion regulation of red

scale is difficult to evaluate because of the subtle influence of other

factors¡ €.g. weather and the availability of food for the adult
parasites.
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1.4. Studies on Red Scale and its Parasites in Australia
Research work was starËed as early as 1897 (Quinn 1897) but the

intensive studies r{ere not made until the 1970rs (Mclaren and Buchanan

L973¡ Maelzer 1979). Maelzer (1979) pointed out that red scale mostly

occurs in two climatic zones in Australia in which the citrus industry is
concentrated; they lrere, namely, (1) the inland semi-arid zone involving
irrigated regions along the River Murray in South Australia, Victoria and

New South hlales, and along the Murrunbidgee River in New South trrlales and

(2) the non-irrigated humid coastal regions of New South hlales and

south-eastern Queensland. A. melinus was introduced into the inland citrus
regions in the early 1960rs and soon established relatively good biological
control of red scaIe. Because of the efficiency of such control, 75% of
grolters in South Australia did not apply chemicals for the control of red

scale (Furness 1973).

However, nuch of the research on red scale and its parasites in
Australia has been confined to laboraËory studies. Initially, attention
was first given to the essential biology of red scale and its parasites,
e.g. the development and reproduction of red scale (hlillard 1972), the
growÈh and developnent of A. melinus (Abdelrahnan 1974b), behaviour of
Aphvtis adult hrasps (Mclaren, Ph.D. thesis) and ovipositional behaviour of
A. melinus (Abdelrahnan L974c). Further studies involved processes

relevant to the ecology of red scale in the field. Thus Abdelrahnan

(L974a) studied the influence of extremes of temperature, both hígh and

low, on the mortality of both red scale and A. nelinus and he suggested

that, in summer in South Australia, extrenes of high temperatures are not

high enough to cause a high mortality of red scale. Earlier, however, an

understanding of the influence of high tenperature on mortality of red

scale had been used to develop a method of heat treatment of citrus for
control of red scale (Martin and Black 1960).

The toxicity of chemical insecticides to red scale and A. melinus was

also studied by Abdelrahnat (1973a, b); he concluded that integration of
malathion and biological control (by A. nelinus of red scale in S.

Australia did not seem possible. A similar conclusion was reached from a

study of biological control of red scale in Queensland (Smith 1978). Other

studies done in Australia towards an understanding of the population

regulation of red scale have been: the populaËion growth of red scale
(Mclaren l97L¡ Mclaren and Buchanan 1973), the population growÈh of red

scale as influenced by the dispersion of crawl-ers by wind (tlillard 1968),
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the colonization of A. melinus ín orchards (Campbell 1976) and the

aggregation of A. melinus and the density-independence of parasitism in the

field (Snith and Maelzer 1986). Maelzer (unpublished) also developed a

sampling method for red scale on orange trees 1n S. Australia.
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CIAPTER 2. RECORDTNG ErITEI,ÍES OF TE,IPER.AN'RES TN l.HE ORCEARI)

Munger (1948) developed a method of estinating the body-temperature of
red scal-e by use of a thermocouple made of wire 0.001 inch (0.025mm) in
diameter. He also used a thermocouple rnade of wire 0.013 inch (0.33mm) in
dianeter to measure the temperatures of hosts of red scale. All his

temperature measurements were made on the mature females. As he said, the

pliability of the wire made it necessary to puncture the integument of the

scale with a sharp needle before inserting the thernocouple to measure the

scalers body-tenperature. However, some of his results (converted to oC)

were as follows:
(1) in the shade, the scalets body-temperature was close to that of its

host, the greatest deviations being +0.7oC and -0.8oC and

(2) in the sunlíght, when air temperatures ranged from 23.6"C to 36.0oC,

the greatest deviaËion of the scalers body-temperature fron the air
temperature was +10.3oC when the air was 30.5oC; the body-tenperature vlas

1.3"C lower than the temperature of the host of lemon. He concluded that
(a) in natural shade there was close agreenent between air, hosts of
scales, and scales while (b) in the sun there was somewhat less agreement

beLween the temperatures of scale and host and both rose well above the air
tenperature and (c) the greatest deviation of the body-temperature from the

air tenperature lras +11.9qC when the air tenperature h¡as 28.9oC.

In Mungerts work (ibid), it was obvious that the thermal capacity of
the so-called rrsharp needlett was not considered as a fact whÍch night have

Ínfluenced the real body-tenperature of the scale insects. Besides, since

the tested scales had already been Þunctured, I believe the so-called

body-temperature could only be regarded as the tenperature of a dead scale

and not the body-temperature of a l-ive insect'.

Since it is almost inpossible to measure a real body-temperature of
live scales and even more difficult to get a conÈinuous reading of such

tenperature, one has to use some indirect method for estimating the

temperaËure of a scale insect. The obvious nethod is to use the

measurement of the plant surface since the Mungerrs measurements of
tenperature within the scale was never different fron that of the host by

more than 3oC.

The following experiments were therefore conducted to measure the

surface temperaÈure of a lemon, assuming that such a temperature would be

little different from that of a scale insect on the surface of the lemon.



11

2.t. In l,Iinter
2.L.L. Hettrods

8 sensors were placed on 4 lemons on a tree in the orchard in the 8

combinations of the following 3 pairs of alternatives: East and west of the

canopy; lmn above and 5mn under the skin of the lemon; on the shady side or

the sunny side of the lemon [Table 2.1 (1)]. Sensors on the sunny side

were exposed to the sun for only part of the day; sensors on the shady side

were never in direct sunlight; all the experinental lemons were in the

sunlÍght for part of the day.

Each sensor hras made of copper-constantan thermocouple wire 0.5nm in
diameter and about 4-5mn in length.

In the following description, the tenperature under the skin of a

lenon is called the trin-skin temperaturetr and the tenperature above the

skin is call-ed the rfabove-skin tenperaturerr.

2.I.2. Results
The pattern of sensor-temperatures obtained in late autumn, on

L9/6/83, are plotted against Ëime in Fig.2.1 (1) to 2.1 (4); for the

conparison, also plotted in these figures are the anbient temperatures

obtained fron a Stevenson Screen. The plot started about one hour after
sunrise when the whole orchard was still ín the shade of a hill. All the

in-skin and above-skin temperatures were 2 or 3"C lower than the ambient

temperature. After 0900h, when only parts of the tree vtere exposed to the

sun, tenperatures were quite variable.

On the eastern side of the canoDv: In-skin and above-skin

tenperatures ín the sunlight rose rapidly [Fig.2.1 (1)]. At noon, They

reached the maxlnum values of about 27"C. By contrast, the ambient

temperature was lloC lower, about 16oC. After noon, both rrskin[

tenperatures dropped rapidly after the eastern part of the canopy vras

shaded from the sun. At 1500h, deviations between skin temperatures and

the anbient temperature r{ere zero. Then the skin temperatures fluctuated
around the ambient temperatures with a range of L-2"C untl1 sunrise next

day. However, as shown in Figure 2.1 (1), during the period 0800-1900h'

the difference between the in-skin and above-skin temperatures was always

smaller than 1oC.
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Table 2.1 (1). Thermocouple sensors on lemons on the tree
during the winter period of 16/6-IO/8, 1983.

No. of Aspect Treatments to sensors:
sensor

Height
(m. )

East--in the sunlight

S1

32
1 mn above the skin
5 mn in the skin

0.95
0.95

East--shaded*

S3
S4

1 mn above the skin
5 mn in the skin

L.20
t.20

ïrlest-in the sunlight

S5
S6

1 mn above the skin
5 nn in the skin

1.15
1.15

I'lest--shadedx

S7
S8

1 nn above the skin
5 mm in the skin

I .35
1.35

*' the sensors were shaded by each lemon itsel-f buL this
lemon was in the sunlight.
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By contrast, the in-skin and above-skin temperatures from t,he sensors

on the shady part of the lemon did not vary so much as that from the
sensors in the sun [Fig.2.1 (2)]. At 1100h, they reached naximum values of
about 18"C , which was only about 3oC higher than the ambient temperature.
Then, both frskintt temperatures fell to about the arnbient temperature and

after about 1500h, when this part of the canopy h'as in natural shade, the
ttskinrr temperatures, again, fluctuated around the ambient temperatures with
a range of 1-2"C. 0n the shady part of the lemon, the in-skin and

above-skin temperatures never differed by more than 1"C.

On the western side of the canopys In-skin and above-skin
tenperatures in the sunlight rose rapidly [Fig.2.1 (3)]. They reached the
maximum values at 1400h. The above-skin temperature was about 30"C and the
in-skin temperature rras about 28"C, about 11-13oC higher than the ambient

temperature (17'C). After 1400h, both rrskintt temperatures dropped rapÍdly.
At 1700h, the difference between skin temperatures r.ras zero. Then, again,
both rrskintt temperature fluctuated around the ambient tenperatures wíth a

range of 1-2"C until sunrise next day. During the period 1400-1600h, the
difference between the in-skin and above-skin temperature was always

smaller than 2oC.

As shown in Fig.2.1 (4), obtained from the sensors on the shady part
of the lemon, the difference between rtskintf tenperatures and the ambient

temperature was never bigger than 2"C at any tine throughout the day.

Above and below the gþ!g: trtithin each pair of frskintt temperatures,
the difference between the two temperatures was never bigger than 3oC. And

by comparison with Mungerts measurement,s, I thought that a sensor lmm above

Ëhe lemon skin could be used to measure a temperature which was very close
to the in-skin temperature but would not cause any damage to lemons. It
could thus be used for the long term measurement of the tenperatures of
lemon surfaces. These tenperatures are used instead of body-temperatures
of red scale in ny experiments.

2.2. In Sumner and Autumn

A sinilar experiment to the above was run 1n the sane orchard of the
$Iaite Institute in summer and in autumn but for convenience, only the
fluctuations resulting fron above-skin sensors on a typical summer day will
be described.



Figure 2.1 (1). 0n L9/6/I983, on rhe easr,-parr of rhe canopy, rhe
ambient temperature (fron the stevenson screen) and the sensor-
temperature on the sunny side of a lemon. (4.: ambient tempera-
ture; Sl: above-skin temperature; 52: in-skin temperacure)

Figure 2.L (2). On L9/6/L983, on rhe easr-parr of the canopy, the
ambient Lenperature (from the stevenson screen) and the sensor-
temperature on the shady side of a lemon. (4.: anbient tempera-
ture; 53: above-skin tenperature; 54: in-skin temperature)

Figure 2.1 (3). 0n L9/6/L983, on rhe west-parr of rhe canopy, the
anbient tenperature (fron the stevenson screen) and the sensor-
temperature on the sunny side of a lemon. (A.: arnbient tenpera-
ture; 55: above-skin temperature; 56: in-skin tenperature)

Figure 2-r (4). 0n L9/6/L983, on the west-parr of the canopy, the
ambient temperature (from the stevenson screen) and the sensor-
temperature on the shady side of a lemon. (4.: ambient tenpera-
ture; 57: above-skin temperature; SB: in-skin temperature)
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Above-skin temperatures r{¡ere measured on 4/2/83 on lemons on the east

and the west of a tree canopy. The above-skin tenperatures and ambient

temperatures are given in Appendíx Table 2.2 (L); they are plotted against

tine in Fig.2.2 (I). In the sunlight, the above-skin temperatures were

very high and distinctly different from the ambient temperatures.

On the eastern side of the canopY: From 0700h, one hour after the

orchard had been in the sunlight, the above-skin temperature increased

rapidly. At 1000h it reached a value of 38"C, about 15oC higher than the

anbient tenperature and 16.OoC higher than the above-skin temperature on

the western side. It reached a maxinum value of 41oC at noon when the

ambient temperature was about 26.O"C, a difference of 15oC. The difference
between above-skin temperatures on easÈ and r+est was also 15oC. From

1400h, the above-skin temperature on the eastern side decreased rapidly as

the lemon was naÈurally shaded. Finally, as in late autumn and winter, the

above-skin temperature went down and fluctuated around the anbient

tenperatures with a range of L-2"C Èhroughout the whole nÍght till sunrlse

next day.

The very hígh above-skin temperaÈure, )40"C, lasted about 2 hours.

On the western side of the canopv: As nay be expected, flucÈuatÍon
of the above-skin tenperature was not much different to that on the east in
shape but it differed in time of occurrence [Fíg.2.2 (L)]. 1400h was the

turning poinÈ; before this point the above-skín Èemperature was little
different from the ambient tenperature because thís part of canopy vras

still in natural shade. After 1400h Ehis part of canopy was in the

sunlight and above-skin temperatures were greatly different fron the

anbj-ent temperature. It increased rapidly to a peak of about 43.8"C at
1800h [App.Tab.2.2 (L)]. It was 12.8oC higher than the anbient temperature

and 15.5oC higher than the above-skin temperature on the eastern síde.

Subsequently it dropped rapidly down to 26.5"C at 2000h, about loC lower

than the ambient temperature.

2.3. Discussion

Above-skin temperatures of the sort described above were recorded

continuously on a Honeywell thermocouple recorder for the period between

1983 and 1985. During this period, the highest above-skin temperature in
the sunlight that rras recorded was 52"C at 1700h on western side of the
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Figure 2.2 (L). Fluctuations of ambient temperatures and above-skin
tenperatures on lemons on the eastern and western side of the canopy

of a lemon tree on a typical sunmer day. The above-skin temperature
was given by a sensor placed lmn above the skin of a lenon.
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lemon tree canopy when the anbient tenperature of the orchard was 38oC in
February (nld sumner); the difference between these temperatures was 14oC.

In winter, after sunset and/or during night time, I never recorded an

above-skin temperature which was nore than 3"C lower than the ambi-ent

temperature. These maximum and nininum dlfferences allow estlmates to be

made fron standard recording of ambient tenperatures of the extrene high

and low temperatures in the sun or at night likely to occur on lemon trees
at the trrlaite InstiLute. The highest and lowest standard ambient

temperatures recorded at the Waite Inst. between 1925 and 1983 are 44"C and

0.9oC respectively (Irfaite Inst.; Biennial Report 1982-83). Hence, it can

be estinated that in the orchard of the Ì'laite Institute, red scale and its
parasitoid enemy, Aphvtis melinus, on lenon trees could experience extreme

tenperatures not higher than 44+14=58 ('C) ín summer and not lower than

6.9-3=(-2.1) (oC) in winter.
It ls now of interest to use these estinates of extreme high and low

temperatures along with the temperature-nortalÍty data of Abdelrahnan
(L974) to estinate the mortality that may occur for both red scale and

Aphvtis in summer and in ninter. These comparÍsons suggested:
(1) in summêrr a high nortality could occur in scale insects exposed to

the sun because the above-skin extrene temperature of 58oC Ís 10"C hígher
than the LD50rs temperature estinated by Abdelrahman (ibid),
(2) in winter, a high mortality could possibly occur in moult stages of

red scale, as well in the larva stage of A. melinus, because their expecÈed

LDsOrs temperature was about 3 or 8"C higher than the estinated extremely

low ternperature of -2oC and

(3) since the estimated extrenely low temperature of. -2.1oC was similar to
the rrlowrr LDsOrs temperature, no hlgh nortality v¡as expected to occur in
the growÍng stages of red scale, nanely, first lnstar, 2nd instar, 3rd

instar and young-adult stage. Similarly, no high nortality should be

expected of all but the 1arva1 stages of A. nelÍnus.
However, Abdelrahmanrs estimates of LD50 were obtained in the

laboratory fron insects which nay not have been adequately acclinatized. I
therefore conducted further experlments to measure the nortaLity of red

scale in the field in relation to temperature. These experinents are
described in following chapters.
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cHApfER 3. CI'LIIIRE OF EIPERTHENTAL INSESTS AI|D SPECTAL EQIITPUENT

3.1. California Red Scale

3.1.1. Culture of red scale
Mass culture of scales is often desired for two major purposes: for

experiments and for the mass culture of parasitoids for inoculatÍve release
in biological control programs.

California red scale is able to survive on a large number of host
plants (Quayle 1938; Bodenheimer 1951) and methods of culture on some of
these hosts r{rere reported by Bliss et al (1931), Henderson et al (1943),

Yust and Munger (1943), Mathis (L947), Tashiro (1966) and others.
Flanders (1951) perhaps was the first to use a mass culture of red

scale on potatoes for the culture of parasitoíds. Both cultures rdere

maintained at 27.8"C and 602 relative hunidíty. Crawlers were transferred
to new potatoes by a compressed air brush. Some years later, DeBach and

trlhite (1960) used Lhe Oleander scale (uniparental strain), Aspidiotus
hederae (Vallot), as host for the commercial culture of A. lingnanensís.
The scale insects were cultured on banana squash, Cucurbita naima. They

also tested several kinds of host, namely, the citron or co$Í melon,

Citrullus vulgaris; the butternut punpkin, Cucurbita noschata; potatoes and

citrus fruits, etc. On the basis of year-round availability and cost
alone, they suggested that only banana squashes and potatoes could neet the
requirement of ¿ ssmmêrcial mass-culture, even though the scale insects
preferred citrus fruits. 0n the other hand, Bartlett and Fisher (1950)

suggested that banana squash was an unsuitable host because they could not
be used at relative hunidities in excess of 4O%, and they believed such a
humidity lras too 1ow for satisfactory parasítoid culture.

By contrast to Bartlett and Fisherrs (1950) observaËions, mass

cultures of red scale have been successfully carried out at the l,Iaite
Agricultural Research Institute on butternut pumpkins since the 1970rs.

This host has year-round availability in South Australia. It also lasts
sufficiently long at 5O-7OZ R.H. and gives a sufficiently hígh survival of
scales for the successful culture of red scale and 4pþÉ. spp.

(D.A.Maelzer, pers. comm.).

So I used butternut pumpkÍns to maÍntain a red scale culture. The

culture was naintalned in an insectary room kept at 25-27"C and about 602

R.H. The photoperiod was natural and depended on the light fron a window.
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The aim of the culture was to produce a sufficient nunber of crawlers for
experinents at any tíme.

Experience confirmed that butternut pumpkins were ideal for red scale

culture under these conditions. In the culture room, they could last 3-4

months or even longer.
Before being placed in the culture room, pumpkins were washed

throughly in running tap water and then left to dry. In order to avoid any

influence of chemicals on the biology of scales, the pumpkins were not
treated wíth any fungicide. To reduce fungus rot, however, it was

necessary to choose completely nature punpkins with undamaged skin. To

maintain the culture, fresh punpkins were placed in the culture room at
intervals of 3-4 weeks. They were sinply mixed with the rtalready infestedrl
pumpkins.

Culture for experiments: Methods of culture of red scale can be

divided Ínto two major categories, namely, those using fruits and those
using leaves of host plants. For instance, Abdelrahnan (L974a, b) did his
studies in the early Lg7}ts with scales cultured on lemon fruíts. DeBach

and Eri-ckson (1952) used a nethod of rrrooted lemon fruits for citrus pest

studiesrr. Such rooted fruits may renain in a turgid healthy condition for
as long as six nonths under glasshouse conditions. trlillard (1976), on the
other hand, nainly used a leaf disc method for experiments with red scale.

For convenience I used butternut pumpkins, lemons and oranges at
dífferent tines for cultures of experimental red scale. The citrus fruits
were used whenever possible so that the results of the experinents could be

extrapolated to the field.
Citrus fruits to be used in experiments were picked, sterilized at the

ttstem endtr and then covered with paraffin wax [Fig.3.1 (1)] within six
hours. The rrstem endrr was sterllized by soaking in 75% a1-.cohol for 5-10

seconds and leaving to dry. Except for an experinental area, 2.5 cm in
diameter, the whole fruit vas then covered with paraffin wax, to reduce

water loss by evaporation. The fruit would then last long enough for red

scale to compleËe more than one generation. Beeswax was not used for
covering the experimental host fruits because its high sugar content
allowed diseases to develop rapidly in the fruits. Fruits covered with
beeswax could only last for about half a generation of red scale in the

culture room.
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Figure 3.1 (1). hlaxing experimental lenons for
a culture of Calífornia red scale.
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Crawlers for experiments came from pumpkins in the culture room. A

day or two before they were needed, these punpkins were washed thoroughly

in running tap water for a few seconds to remove any sticky secretions on

the skins of the pumpkins as well as any newly forned white caps and lst
instar scales. The pumpkins were then gently dried by dabbing wlth an

absorbent cloth, rather than by wiping. This process seemed to nake the

transferring of crawlers easier. The washing process also removed dirt and

dead scales.

3.1.2. Mortalf-ty of red scale due to the nethod of
transferring cravlers

3.1.2.1. Introduction
Flanders (1951) used four nethods of transferring crawlers of red

scale to new hosts. They were: (1) the contact method, involving the

temporary placenent of the oew host on top of the infested host to allow

crawlers to move from the old hosts to the new ones; (2) the drop method,

involving the placement of new hosts beneath infested hosts, the crawlers

dropping fron the latter; (3) the brush nethod, involving brushing the

crawlers from ínfested hosts with a very fine brush; and (4) the blowing

method, involving the use of compressed air.
Methods 1, 2 and.4 could not be used to concentrate a required nunber

of crawlers on a small experimental area so nethod 3 was used in most of ny

experiments. However, as Flanders pointed out, the rrbrushrr method might

injure many crawlers. So prelininary experinents were carried out to
compare the nortality caused by the contact method with that caused by the

brush method. Both pumpkins and cítrus fruits were used in the comparison;

in the first experiment, buËternut pumpkins and lenons; in the second

experinent, oranges.

3.t.2.2. Experinent 1

Methoil The experiment was conducted in the insectary in which the

mass culture of red scale was kept (Section 3.1.1). There were four
treatnents comprislng the combinations of 2 methods of transfer by 2 sorts
of fruits, namely, lenons and butternut pumpkins.

Before the crawlers were transferred, the punpkins and lenons rdere

treated (washed, sterllized and waxed) by the nethods described Ín Secti.on

3.1.1.
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Mortalities r{ere measured when some red scales reached the

pre-reproduction adult stage; each scale cover was then turned over under a

x25 magnification microscope and the scale insect was then deternined to be

allve or dead.

Results The nortalÍties are given in Table 3.1 (1) for each stage

of red scale up to the young adult stage (female). Total nortality ranged

from 10.0 to 23.7% for zthe different treatments. These data were estinated

as the rrflnal mortalitytt of scales in this experiment.

A chi-square test was used to test the null hypothesis that the final
percentage mortality was the sane 1n each treatnent. The expected numbers

of dead ln each treatment was based on the nean mortality ot L7.27" ovet aLI
treatments. The observed and expected numbers of dead and alÍve scale

insects in each treatment are glven in Table 3.1 (2). The chi-square value

of 33.21 (d.f.= 3, P<0.005) indicates that the observed percentage

mortality was not the same in each treatnent so further analyses were

conducted to assess whether there were differences between nethods of
transferrlng crawlers and/or differences between host fruits.

Testing differences betveen methods of transfer:
The numbers of dead and alive scales are re-arranged in Tabl-e 3.1 (3)

to test the null hypothesis that there r,ras no difference in mortality
between nethods of transfer. On pumpkins, 10.0% nortality occurred wlth
the contact nethod and 13.5% with the brush nethod. On lemons, on the

other hand, 17.22 mortality occurred with the contact method, and 23.77"

with the brush method.

The 2 chi-square values (L.44 on pumpkins and 2.53 on lenons) lead to
acceptance of the null hypothesis that the brush nethod of transferring
crawlers did not cause a signiflcantly higher mortality of red scale than

the contact nethod. So either nethod can be used to start an experimental

cohort of red scale on lemons or pumpkins.

Testing the difference between host fruits:
The data of Table 3.1 (2) nay be re-arranged again, as in Table 3.1

(4), to Lest the nu11- hypothesis that there is no difference in mortality
between hosts. Using the contact nethod, LO.O7. nortality occurred on

punpkins and L7.2% on lemons. Using the brush nethod, L3.57" mortality

occurred on pumpkins and 23.77" on lemons.
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Table 3.1 (1). Percent nortalfty of red scale observed for
each of 2 nethods of transferring crawl-ers to each of 2

kinds of hosts.

Stage of
red scale

Brush method Control method

pumpkins
(1)

lemons
(2)

pumpkins
(3)

lemons
(4)

white cap

lst ínstar
lst noult
2nd instar
2nd moult

3rd instar
young adult
2nd male

3.9

2.L

5.3

1.1

0

1.1

0

0

5.5

5.5

10.4

o.7

0.5

o.2

0

0.9

3.4

0.8
2.8

0.8

0

2.2

0

0

4.8
4.8
6.9

0

0

0

0

o.7

Total 13.5 23.7 10.0 L7.2

0riginal
numbers of
red scale

283 s6s 358 L46
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Table 3.1 (2). The observed and expected numbers of dead

and alive red scale in 2 methods of transferring crawlers to

2 kinds of host fruits. The chi-square value (3 d.f.) tests
the nulL hypothesís of equal mortality in all treatments.

Numbers of red scaleHost
fruits

Methods of
Ëransferring
crawlers 0bserved Expected

alive dead total alive dead

pumpkin

lemon

brush

contact
brush

contact

24s

322

43r

LzI

283

358

565

t46

234

296

468

t2r

38

36

L34

25

49

62

97

25

total 1119 233 L352

chi-square value

P

33.2r

<0.005
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Table 3.1 (3). Numbers, alive and dead, of red scale on

host pumpkins and lemons; also given are chi-square values

to test the nul1 hypothesis there was no difference in
percent mortality of red scale between methods of
transferring crawlers for each of 2 kinds of host fruits.

Methods of
transferring
crawlers

0n host punpkins:
Numbers of scales

0n host lemons:
Nunbers of scales

Alive Dead Total Alive Dead Total

Brush

contact
24

32

283

358

43L

T2L

L34

25

565

r46
5

2

38

36

chi-square value

P

t.44
>0.05

2.53

>0.05
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Table 3.1 (4). Numbers, alive and dead, of red scale

observed in 2 nethods of transferring crawlers; also given

are chi-square values to test the nul1 hypothesis, for each

transference method separately, that there was no difference
in percent nortality of scales on 2 kinds of host fruits.

Host fruits Contact method:
Numbers of scale

Brush nethod:
Numbers of scale

Alive Dead Total Alive Dead Total

Pumpkins

Lemons

322

L2I
358

L46

38

L34

283

56s

245

43r

36

25

chi-square value

P

4.23

<0.0s

TT.72

<0.005
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The 2 chi-square values (4.23, P<0.05 for the contact method and

LI.72, P<0.005 for the brush method) indicate that the null hypothesis must

be rejected. So a significantly higher nortality occurred on lemons than

on punpkins with both methods transfer.

3.1.2.3. Bxperfnent 2

Method The experiment was conducted in the same insectary as

experiment 1. There were only 2 treatnents, namely, the two nethods of
transferring crawlers. The crawlers were transferred to oranges which had

been treated (washed, sterilized and waxed) by the rnethods described in
Section 3.1.1. Mortalities of red scale r.¡ere neasured by the nethod of
SectÍon 3.I.2.2 but observatlons r¡rere made when the scale reached the 3rd

instar.

Results The percentage nortality of red scale of each stage ls
given in Table 3.1 (5); 6.6% nortality occurred with the contact method and

IO.97" with the brush nethod.

The total numbers of red scale, alive and dead, are given in Table 3.1

(6). A chi-square test gave a value of 2.21 (d.f.=l, P>0.05) indicating
that the brush method did not cause a significantly higher nortality of red

scale than the contact method. And so, again, either neLhod of
transferring crawlers could be used to start experimental cohorts of red

scale on oranges.

3.2. Mass Culture of A. melinus

Methods and techniques for the mass culture of Aphvtis spp. have been

developed in the U.S.A. since the 1940ts, and'especially in the 1950rs and

the beginning of the 1960rs (Flanders 1943, L947, 1951; DeBach and l,lhite

1960). California red scale and Oleander scale were used as hosts. Mass

cultures were kept at about 27"C and,502 relative humidity. DeBach and

Fisher (1956) believed that Oleander scale was a superior host for Aphvtis

spp. than California red scale. The conparison between the two scales is
shown in Table 3.2 (1). Larger parasites emerge fron Oleander scale,

indicaÈing that in any study of the biology of Aphytis spp.¡ the survival-

and/or reproduction potential could be affected by the host scale species.

However, in ny experiments, Cal-ifornia red scale was the only host used.

The culture room for A. nelinus was set up with a constant temperature of
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Table 3.1 (5). The percent mortalÍty of red scale observed

in 2 methods (contact and brush) of transferring crawlers to
oranges.

Stage of
red scale

ConËact method Brush nethod

white cap

lst instar
lst moult

2nd instar
2nd moult

3rd instar
2nd male*

0.5
0.9

L.4

3.3

0.5

0

0

o.4
L.2

L.2

4.5

0.4
L.2

2.O

Total 6.6 10.9

Original
nunbers
of scales

2L3 246

lE: No males energed during the experimental period.
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Table 3.1 (6). Numbers, live and dead, of red scale

following two methods of transferrlng crawlers to oranges;

also given are the chÍ-square value to test the nu1l

hypothesis that there was no difference between methods.

Method of
transferring
crawlers

Number of red scale:

A11ve Dead Total

Contact

Brush

L99

2L9

L4

27

2L3

246

Chi-square value
P

2.2L

>0.05
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Table 3.2 (1). Conparison between Oleander scale and

California red scale in the mass culture of parasitoids
(after DeBach and Fisher 1956)

Factors compared Red scale Oleander scale

unsuitable moult
stage present

yes

relatively high degree
of parasltization

no

yesno

size of parasite
progeny

small large
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about 25"C, 502 relative hunidity and an artificially controlled
photoperiod of L:D = Ur:10 hours. Pumpkl-ns with parasitized red scales

were placed on a caged shelf and the shelf-cage was made of very fine
gauze.

3.2.L. Collection of one{ay<ld Aphvtis rasps

Two major nethods are often used for collecting wasps, the trsuckingtr

method and the CO2 method (Flanders, 1951; Baker, L976). Flanders

described the trsuckingrr nethod as follows: Adult parasites are collected by

air suctÍon into transparent plastic tubes, 8 inches in length. This

length is needed to provide an air cushion to ninimize injury to the
parasites when they are sucked into the tube. Here, the word rrminimizerr

used by Flanders night indícate that this nethod did cause some injury to
vrasps. Certainly, either of the above trrro methods could possibly cause

either a physlcal (the rrsuckingrr nethod) or a physiological (the C02

method) injury to wasps. Since I wished to use undamaged wasps for
experiments, I used a nodified nethod, the rrdirect suckingrr nethod for the

collection of wasps. A small collection tube (see Section 3.3.1) whose

bottom part hras covered with very fine gauze and was directly fixed inside
the rtsucking tubetr; then, under a x3 magnification head-lens, wasps were

very gently sucked into the collection tube [see Fig. 3.3 (1)]. Using this
method, wasps were sucked into each tube by the very gentle air flow and

travelled only a very short distance (3-4cm) before beíng stopped on the
ttbottom garJze". After rrsuckingrr, all my experimental vrasps were checked

under x25 magnification nicroscope and I never found any danage that had

been done to the experinental wasps by this process.

I{asps to be used for experiments were collected from the mass culture
room of A. melinus. At 1000-1100h, one day before an experiment, wasps

that had emerged from the parasitized red scales on punpkins were carefully
brushed ar+ay using a very fine brush. The pumpkins were then checked under

a x3 magnification head-lens to ensure that no wasps still remained on

them. Then they vrere put in an ttenergente boxrr, a cardboard box, 55 x 40 x

40cm. Next day, at 1000-1100h, ylasps, about 20 wasps per tube, were sucked

into collection tubes and kept in the tubes for an hour or two. These

wasps were then considered to have mated buÈ had not had any food except

that which they night have got from sone rrhost-feedingrr on scales. Ttrese

lrasps, about one day old, were now ready to be randomized for experinents

at noon.
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3.3. Special Equipnent

3.3.1. Collection tube for uasps of A. nelinus
The collection tubes were made of transparent plastic. Each tube was

about 4cn long; 5mm in diameter at one end and 7mn at Ëhe other. Ttre 7mn

end was covered with very fine gauze, fixed on with glue. Tubes were with
a soft sucking tube, a'bout 0.5m long [Fig. 3.3 (f )].

3.3.2. Constant humidity box

Each of the humidity boxes r{as a plastic container, 30cn long by 19cm

wide and 14cm high. A saturated solution of salt (NaCl) in a container was

used to produce a constant relative humidity of about 757á at constant
temperatures from 10oC up to 30oC (!'Iinston and BaËes 1960).

3.3.3. Citrus fruit cage

The trcitrus fruit cagestt [Fig. 3.3 (2)-A] were cut fron a

semi-transparent plastic funnel. T¡ro 7mm holes were covered with fine
gatze. These tr+o holes served as rtventstr and r¡rere expected to maintain a
good air circulation. As a result, no dew could form inside the cage at
any time.

A third hole, about 5mn in diameter, was drilled on the side wall.
This was a |treleasing holerf for the collection tube of wasps (see SectÍon
3.3.1). A collection tube with rr¡asps could be fitted over this hole using
nodelling clay or melted paraffin wax [Fig. 3.3.(2)-B].

A ring of plastic foam sponge (2mn thickness) was placed between the
cage and the fruit. The cage \{as then held on to the fruit by a rubber
band. The ring filled any gaps through which the released wasps might have
escaped.

Figure 3.3 (2)-C shows a cage on the Èree, which was shaded from the
sun.

3.3.4. Head lens
The x10 nagnification head-lens was used for the purpose of roughly

distinguishing stages of red scale. rt freed the workerrs hands and

carried its own illumination system. The apparatus was constructed from a

hand-lens and a head-frame. 0n the head-frane, a plastic plate was fitted
to occlude the. sight of the non-observing eye. 1l^'o bulbs (6V) formed an
additional lighr source [Fig. 3.3 (3)].
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Figure 3.3 (1). Collection tube for wasps of A.melinus.
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Figure 3.3 (2). Cicrus fruit cage.

A: Cage.

B: Cage with collection tube for
\{asps of A. mulinus.

C: Cage on the tree.
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Figure 3.3 (3). x10 head lens.
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3.3.5. Ìficroscope
(1) Microscope-trolley: A sma11 trolley was fitted with a bracket

for a microscope. As shom in Fig.3.3 (4), Ehis bracket conprised three
poles, namely, the microscope pole I (about 17cm long), the support pole II
(about 45cm long) and the nain support pole III (about 150cm ta11). The

microscope was fitted on rtpole lrr. This pole could be turned and noved

horizontally on the support pole II, which itself could rotate horizontally
and move up and down on the nain support pole III. No doubt, each of the

above nentioned lengths of poles could be varied to meet a special

requirement for experiments. The light source, IV in Fig. 3.3 (4), a

microscope lamp (5fu, l5v/24}v), rdas clipped on the microscope pole I.

(2) Shoulder-bracket for nicroscope: The shoulder bracket comprised

three parts.
(i) Part 1, a flexible nono-support [M in Fig.3.3 (5), A], !úas

an aluniniun po1e, about 200cn long and 1.5cm dianeter. It was fitted ïrith
a triangular frane. This frame was made from 3 pieces of aluninium tube

[Fig.3.3 (5), B]: tubes T1 and T3 were about 2cm in diameter but tube T2

was about 2.5cm in diameter in order to let the mono-support nove smoothly

up and dovm inside it. Between each two of the tubes, a sort of hinge
joint was used. ltris kind of joint made the whole frame somewhat flexible
and nade observation with the nicroscope much more convenient. 0n the top

part of T3, a large thick washer (I'I) was chained. llhen the triangular
frane was noving upwards, this washer lay horizontally and let the

nono-pole pass smoothly through but when the frane was moving downwards the

washer turned and jammed on the mono-pole, stopping the frame fron slipplng
downwards.

(ii) Part 2, the microscope support (MS) was nade of angle iron.
Ttre whole structure looked like a reversed ttltt [in Fig.3.3 (5), A]. It
conprised 3 frames, namely, Fl, F2 and F3. 0n Fl, a microscope and a light
source (50h1, L5V/24OV) were fitted (the light source could be also clipped
on T3 of the tri.angular frame of the nono-support). For the sake of
convenience and confort one could vary the length of F2 and l-et F3, the

so-called rrabdomen franett, always remain at the level of the belly button.
(iii) Part 3, comprising two pieces of shoulder-carrier (SC)

nade from curved aluminium tubes about 1.5cm in diameter [in Fig.3.3 (5),
A]. These two shoulder-carriers were chained together and fitted on the

abdomen-frame (F3) of Part 2 through two rings.
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Figure 3.3 (4). Microscope-trolley.

I: microscope pole I.
II: support pole II.
IIf: main support pole III.
IV: light source.
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Figure 3.3 (5). Shoulder-bracket for microscope.

A: Shoulder-bracket and nicroscope.
B. Triangular frame.

C. The shoulderable-nicroscope in operation.
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However, before setting a nicroscope on Part 2, it was always

necessary to fix these two shoulder-carriers by use of a so-cal-led
trchest-tubetr (CT) [tn Fig.3.3 (5), A]. So F2 of Part 2 was then fixed
between the observerts chest and this chest-tube; this allowed the whole

structure to maintaín a good working condítion at any time.
(3) Fig.3.3 (5)-C shows the shoulderable-nicroscope in operation.

3.3.6. Photographic equipnent

The photographic equipnent comprised three parts: a camera' a light
source and a camera bracket [Fig. 3.3 (6)].

(i) Canera: A Nikon camera, nodel F, was used for recording the

growth of experinental scale lnsects on host fruits [Fig.3.3 (6)-A]. This

camera had a so-called Type D interchangeable screen which was recommended

for use with a long telephoto lens or for closeup work. The fine matte

field of this screen ensured unobstructed viewing.
A Nikon telephoto lens, 135mn/f3.5, and 2 pieces of Nikon close-up

tubes, each abouË 27nm in length, was used for macro-photography at a

distance about 0.5n from the subjects. This combination of the lens and

the tubes offered a Ímage about l/3 Li-f.e size on the filn.
(ii) Light source: In my experiments, low speed filns, ASA 25 or ASA

100, were used. This sort of film gave very clear cut inages of targets.
As low speed films had been used, a flash (G.N.2O/ASA 100) was used as an

additional light source, offering uniforn light intensity. Rechargeable

batteries were recommended for the flash for the purpose of frequently
taking of pictures. In my experinents, the photographic event was

undertaken upon condition that a fixed aperture of f16 assisted with this
flash.

(iii) Camera bracket: This bracket [Figr3.3 (6)-A] was made of angle

alurniniun with accessories of a flash support, a so-called fruit-holder and

a handle. The fruit-holder, shown as FII in A and B of Fig.3.3 (6)'
comprised (a) an extending aluninium tube (about 1.5cn in diameter) and (b)

a rrurr form holder (UH). An expansíon range of 10cn was allowed by the

structure shown as (ER) in Fig.3.3 (6); this range was suitable for the use

of the lens mentÍoned above. In using this fruit-holder, one should use a

shutter sync-cord fixed to the handle to avoid canera-shake. However the

use of the fruit-holder was for the sake of convenience only [Fig.3.3 (6),
cl.
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Figure 3.3 (6). Camera bracket.

A: Camera bracket and camera.

B: Fruit-holder.
C: Camera in operation.
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CHAPTER 4. INFLUENCE OF TEMPERATURE ON THE BIOLOGY
OF CALIFORNIA RED SCALE

Intensive studies on mofiality and/or gowth of red scale in relation to extremes

of temperatures have been conducted world wide, as well as in Australia. In both

laboratory and field, they have been undertaken especially since the 1960's (Munger

and Cressman 1948; DeBach 1958, 1965 ; DeBach et al .,I977; Martin and Black

1960; Tashiro 1966; Tashiro and Beavers 1968; Catling l97l a,b; Mclaren 1971,

1978;Habib, SalamaandAmin 1972; V/illard 1972,1973,1976; AbdelrahmanI9l4;

Atkinson 1977 ,1983a,b; DeBach, Hendrickson and Rose 1978).

The most intensive work on the mortality of red scale responding to temperature

was, perhaps, done by Abdelrahman (L974) and Atkinson (1983a,b). Abdelrahman

conducted laboratory experiments to establish the duration of exposure of extreme

temperatures which were necessary to cause 50Vo mortality of different stages of red

scale. By contrast, Atkinson's work was done in the field with a natural population of

red scale. Nevertheless, further details about the influence of extremes of temperatures

on the mortâlity of red scale are still needed to understand the population dynamics of

red scales in South Australia.

In an attempt to obtain the necessary information, a number of experimental

cohorts were started at different times through the year at the Waite Institute. This

experiment was originally conducted to test the null hypothesis that there were no

differences in the mortalities of red scales in relation to extremes of temperatures in

sunìmer among different aspects on the tree. The experimental cohorts of red scale

were started between late January and early March (later part of the hottest season of

each year) in 1983 and 1985. The late start was due to the lack of lemons of a size

suitable for experiments until late January of each year. After January, the ambient

temperatures were expected to decrease gradually so that signif,rcant differences between

cohorts with respect to mortality could be expected.

4.2.1. Methods and materials

4.2.1.L. Starting exerimental cohorts of red scales
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Each cohort was started on lemons on a tree by the "brush method" (see Chapter

3) and treated under unshaded condition. For each cohort, 4 big but unripe lemons

were chosen at random, one on each of the 4 aspects, north, south, east and west, on a

tree. A total of 10 cohorts (5 each year) was started.

To start a cohort of red scales, each host lemon was held and an experimental

area, about 3.5 cm in diameter, was marked on the lemon, facing upwards. This made

the transference of crawlers easier [Fig.4.2 (1)]. Also the side facing outward from the

tree canopy was the only place from which an experimental area could be photographed

without having to turn the fruit and risk damaging it. A photographic method of

recording the progress of a cohort (Maelzer 1976) was considered to be the only
tJ^e-

method possible without tuming each of the scale covers over and killing^scales

Crawlers from the mass culture (see Chapter 3) were transfened to the

experimental a¡eas between 9 a.m and noon. On each experimental area, at least 60

"white cap" scales were needed for the experiment. To get sufhcient crawlers for the 4

lemons of each cohort, at least 16 butternut pumpkins, fully covered with producing

adult females, were needed.

The experimental area on each lemon was shaded after the ransferring of

crawlers. One day later, after the white cap covers of the scales had been formed, the

shades were removed so that the host lemons were again in the natural condition of

being in the sun for part of the day.
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4.2.1.2 Use of a photographic nethod to observe the

survival and growÈh of red scale
Details of the photographic equipment are presented in Section 3.3.

Before taking the firsL batch of pictures of each cohort, the scale covers

(from the infested pumpkins) and the dead bodies of crawlers etc, v/ere

gently blown away from the experimental areas. The first batch of pictures
was taken just before the shades were removed from a cohort.

In the surrmer of 1983, pictures of each cohort were taken once a

fortnight.; in the sunmer of 1985, once a rveek. The development of red

scale on the films could be analysed by either a microscope or a
slide-projector. The latter r.ras chosen for convenience and accuracy, as

follows.
For each experimental area, the initial picture was projected onto a

30 x 30 cm piece of paper and the positions of the scales marked lEíg.4.2
(2)1. The positions were divided into several observation areas and the

scales numbered in sequence [Fig. 4.2 (3) A & B]. Subsequent pictures
were projected onto the first, moving the projector back and forth to
achieve an accurate fit. Each scale was then recorded as present or

absent.

4.2.1.3. Ánbient temperature during the year

Temperatures (daí1y maximum, minimum and average) at Ehe trlaite

InstiÈute (position 34o58rS, 138o38rE and height above sea level L22.5n)

are given in Table 4.2 (I). They are neans of the years 1925-83 (Biennial

Report, Llaite Agri. Res. Inst., 1982-83). The annual mean temperature vlas

16.5'C; the daily extremes were 44.3oC in January and 0.9"C in June.

Maximum temperatures higher than 40oC occurred between November and March

which is the hottest period of each year but experimental cohorts could not

be started earlier in the summer because host lemons were not sufficiently
large for experiments until late January of each year.

Measurement of above-ski¡r tenperature
As mentioned earlier (see Chapter 2) I was not able to put a

micro-thermocouple into a red scale without killing it but found that the

above-skin temperature of a lemon serves as an indirect measurement of the
body temperature of red scale. In this experíment, above-skin temperatures

in the sun !/ere measured on four compass aspects of uhe tree, namely,

north, south, east. and west.

in the sun



l+8

c

t

,

I
t

a
a
a

a

.t

¡l
ti

D

Figure 4.2 (2). Observation of the growth of red scale from

color sU-des. (Á: projecËor; B: record-tables; C: elastic
string; D: ttscreeott, â plasÈic plate).

I



A ..€, e
êc o

o
ô

lt/rltf,
uLn¿lt l-,
ultst.

B
a¡¡

ôl J¡{

"'-{{"ï. 
'ar

7oo ?to

t/zt\{
uJ.- ; Trollvl 'c'

< -L,vt L)
A

+ao

*o o¡)
o¡p

o rl-o?l

-t{. . tt

l'
¡.'o

o

a

o
O.,

o
o

ó
oo

o

o

)

ooô
o

q
o %o

o

Oo

o

o oa

o

o

o

t
ô

oo o o
ê

o

oæ
o

o

¡lo
St

ô

oA
ot¿

ofj

l¿ 'o'9& .-

.ï ¡" t
31 c

¡Ìo

&
^a

o c
o

o
o
oo

o
oc

o

e
o

o

oo

o(l olP ¡ô ¡\¡ ", o/i

"l 2. o)l f?
o

'ì2
(to

)j
o

oo0
a

o

oo

o

t oo

oo
,(/ 7¿' lé

,7 ,(
oo )aor

,.3o ro I

o

a

o

o

o
ô

o 0

o
oo

oo

e
¿

,ii-.io
oo00 ..J taU

à-\o

OJÞ

êt3
o
,l

2

0
t?
l/

o

0+
0
,e

o'l

Flgure 4.2 (3). The lnitial posltion of red scale of white-cap stage'
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Table 4.2 (L). Air temperatures, 1925-83, at the lrraite

InstiEute, South Australia (Biennial Report 1982-83, Irlaite

Agr. Res. Inst.).

Month Average daily Daily extreme

Maximum Minimun Mean Highest Lowest

J

F

M

A

M

J

J

A

S

0

N

D

27.9

27.7

25.5

2r.4
17.8

15.1

14.2

L5.2

L7.6

20.3

23.4

25.9

L6.4

16.5

15.4

t2.9
10.7

8.6

7.8
8.1

9.4
10.9

L2.8

L4.7

22.1

22.1

20.5

t7.2
14.2

11.8

11.0

TI.7
13.5

15.6

18.1

20.3

44.3

43.r

40.7

34.6

28.8

25.L

25.5

26.7

33.3

34.6

41.g

42.L

8.0

8.4
6.0

4.6

3.2

2.t
3.8

4.4

5.8

0.9
1.8

2.I

Year 2L.O L2.O 16.5 44.3 0.9
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4.2.2. Results

The survival of red scales was distinguished by recording the change (for each

individual) from one stage to the next. Those scales which changed in size were

obvious survivors. The death of the scales (that did not change) was confirmed after

a sufficient time (day-degrees ) had elapsed for the completion of growth of the insect

to the next stage (see table below). For instance, aZndinstar scale was considered to

be dead if had spent more than 269.0 D.D. >12oC on the tree and was still a2nd.

insta¡. The number of day-degrees @.D.) >l2oc required to complete each stage of

red scale on citrus fruit (after Atkinson 1977\ were as follows

Stage D.D. >l2oc for each stage Total

female:
1st
2nd
3rd
adult (pre-reproduction)

male:
1st to moult
lst moult to emergence

t27.3
14t.7
r09.6
183.8

727.3
269.0
378.6
562.4

127.3
3t7.7

127.3
190.4
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Table 4.2 (2). The accumulated day-degrees )12"C for each

cohort up to the tl-ne of the presence of the maximum numbers

of female adult red scales.

Cohort Period day-degree )12"C

1983

Co.1

Co.2

Co.3

Co.4

Co.5

1985

Co.1

Co.2

Co.3

co.4

c0.5

29/r-L4/3
6/2-2s/3
Ls/z-LO/4

22/2-L2/s

2/3-e/6

no female adults
3r/L-20/3
8/2-r/4
Ls/2-8/ 4

8/3-6/s

523.2

469.9

44r.3

454.6

393.5

466.O

483.1

431.1

446.6



The observed numbers of red scale of each cohort during the course of the

experiment in 1983 are given in Appendix Tables 4.2 (l) to 4.2 (5) and for 1985 are

given in Appendix Tables 4.2 (6) to 4.2 (10). In each of these tables a code is used to

classify the data. Thus, for example, "4.2.(1-N)" decodes as "table of data for the

north aspect of cohort 1 in 1983". The total number of scales in each cohort are

obtained by summing over the N, S, E and W aspects. Thus, in cohort 1, there were

initially 995 scales =272 on the North aspecr (Appendix Table 4.2 (1-N), 188 on the

south, 343 on the east and 192 on the west.

At each sampling time, estimates were made - from the photograph - of the

numbers of scales in each stage of gowth. But in many of the cohorts started in

summer, all the scales died as white caps or lst insta¡s. Thus, in cohort I, all272

white caps on the northern side of the canopy died before they had progressed to

"proper" lst instars or beyond (Appendix Table a.2 (1-N)); and similarly all192

starters died on the western side as whitecaps (Appendix Table 4.2 (I-W)) Only on the

southern side did some scales grow progressively through lst and 2nd instars to

become adults (Appendix Table 4.2 (1-S)).

4.2.2.1. The survival-rate of adult scales

For each cohort, the most important estimate was that of the number of scales

which survived to become adults. This estimate was made when the maximum number

of adults were seen in the cohort, to allow any "slow developers" to complete their

development. The number of DD > l2o C from the start of the experiment after which

this estimate was made is given in Table 4.2 (2) for each cohort. The numbers ranged

from 393.5 to 523.2, and most were considerably greater than the value of about 380

D.D. estimated by Atkinson (1977) to be required by the female to complete

development from crawler to adult; and they were greater again that the 3zoDD

required for the completion of development of the male (Atkinson, 1977). When this

estimate of survival to the adult stage was made, any scales which had not become

adults were considered to have died before doing so. This estimate, for each aspect of
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TABLE 4.2 (3). Percentage survival rates of red scale of each cohort on lemons on
trees (1983, 1985), and hour-degree (H.D.) greater than 40oC

7o survival of: H.D. >400CCohort and
started date

Initial no.
in each cohort

Male Female Total

l: 29/l

2: 612

3: l5f2

4:22/2
5: 213

l: 24/I

2: 3UI

3: 812

4: I5/2

5: 8/3

99s

250

408

358

29t

234

336

376

400

438

1983

2.71

6.40

r0.29

13.69

30.93

1985

0.43

19.35

17.82

18.00

22.5

2.tl
r.20

r.23

6.70

15.46

0

r.49

1.86

0.75

3.88

4.82

7.60

tL.25

20.39

46.39

0.43

20.84

19.68

18.75

26.03

72.6

43.8

29.5

26.r

7.5

8.9

10.4

10.3

10.6
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Table 4.2 (4). Percentage survival rates of red scale of

each cohort on different aspects of the canopy of a lenon

tree,1983.

Cohort and
started tine

Z survival rate on aspect:

North
male scale insects
South East filest

1: 29/I
2z 6/2

3: L5/2

4z 22/2

5¿ 2/3

Iz 29/I
2z 6/2

3: L5/2

4z 22/2

5z 2/3

0

0

L.27

0

5.2L

11.17

3.06

1.85

19.48

14.o4

0

0

r.4s
9.47

22.54

0

0

0

0

23.88

0

0

6.33

0

33.33

L4.36

15.31

7.O2

0

7.69x

L2.32

23.L6

40.85

0

0

0

0

37.31

18

35

52

06

female scale insects fgp to adult stage\
North South East I'Iest

(1). *: This value was obtaíned from a very sma1l started
number of 13.

(2). 0n each aspect, numbers of red scales ranged 7O-27O.
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Table 4.2 (5). Percentage survival rates of red scale of

each cohort on different aspects of the canopy of a lemon

tree, 1985.

Cohort and
started time

Z survival rates on aspect:

nale scale
North 

-south

insects
T'st [,Iest

Lz 24/L

2z 3L/L

3: 8/2

4: 15/2

5z 8/3

Lz 24/L

2: 3L/L

3z 8/2

4z L5/2

5z 8/3

0

27.L7

11 .11

15.91

6.38

1.18

L6.92

20.56

47.73

30.48

29.73

L3.92

16.67

34.58

0

6.67

22.94

2.63

22.3s

female scalç insects.lgg to adult stage'l
NæEñ- ----3oGñ- rast fæt-

0

0

L.23

L.L4

0

0

L.54

4.67

0

13.33

5.41

0

0

0

0

0

o.92

r.32
3.53

* Numbers of red scales on each aspect ranged 60-150.
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each cohort, is given at the bottom of the table as "7o survival-rate" in each of

Appendix Tables 4(1) to 4(10).

A summary of the data showing the initial numbers and the percentage survival

rates of the male, female and the total in each cohort is given in Table 4-Z (3). The total

percentage survival-rates (male + female, summed over all 4 aspects of one cohort)

showed minimums o14.82in 1983 and 0.43 in 1985 in cohort 1 each year (started late

January). On the other hand, maximum survival-rates of 46.39 in 1983 and 26.03 in

1985 occuned in cohort 5 each year (started early March). The monthly mean (and

therefore extremes of¡ temperatures at the growing periods of the different cohorts of

scales [see Tab.4.2 (1)] are negatively correlated with the increasing percentage

survival-rates of the different cohorts in 1983. So it is likely that the percentage

survival-rates in 1983 wers a function of extreme temperatures. The data of TabIe 4.2

(3) suggest, however, that in 1985 the correlation of total percentage survival-rates of

scales of each cohort with time of starting was not so appafent. This topic is

pursued further in section 4.2.2.1.

It was of further interest to examine the percentage survival rates or male and

female red scales separately on each of the 4 aspects (north, south, east and west). The

details for each cohort in 1983 are given in Table 4.2 (4): and those for 1985 are given

in Table 4.2 (5). These data clearly indicate that the percentage survival rates varied

geatly on different aspects. The highest percentage survival rates of scales within cach

cohort usually occurred on the south side of the tree, follwed by east, nofrh and west in

that order. Again, all the observations seem to suggest that the percentage survival of

scales within a cohort was a function of the extreme temperatures due to exposule to the

sun.

Detailed analyses of the survival and the gowth of red scale in relation to

extremes of temperatures in the sun are presented in the next section.
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The raw data (Tables 4.2(6a,6b))suggest that the difference between the two

years was that the summer of 1985 was relatively cooler and that the X-variable in 1985

(i.e. H.D. > 40oC) consequently had very few values greater than zero.

A test was then made, for each group, that the slope of the regression was not

different in the 1983 and in the 1985 data sets. It provided no evidence, for any group,

of a difference in slope (F <1.0; with 1,33 d.f; p > 0.05). So the data sets for 1983

and 1985 were combined and tested again for regression. The results (for 1983 +

1985, in Table a.2 (6c)) indicated that:

* there was no regression for female scales

* there was a highly significant regression (p < 0.01) for both male scales and for

female plus male scales. The latter is clearly dominated by the male data.

The lack of regression for the female scales is probably due to the low survival

rates; especially in 1985. The range of survival-rates is better seen in Table 4.2 (3) in

which the Vo survival rates are pooled over all aspects for each cohort starting time. In

1985, the highest survival rate in any cohort was only 3.68Vo; in 1983 it was

somewhat higher (15.46Vo). By contrasÍ., the Vo survival rate for males ranged up to

3O93Vo in 1983 and up to 22.157o in 1985.

It is not reasonable, biologically, to regress the overall 7o survival-rates of

scales (as given in Table 4.2(3)) on the "mean" number of hour-degrees experienced by

the scales over all aspects.

In conclusion, the differencesbetween the two years' data and the low values of
Á.

H.D. > 40oC in relation to relatively low survival-rates, especially of female scales and

especially in 1985, suggest that the criterion of H.D. > 40oC was perhaps not a useful

one for estimating survival (or mortality) of adult scales and that a lower threshold (say

35oC) may have been preferable.
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TABLE 4.2 (6a) The percentage survival of adult females (f), males (m) and females

plus males (f + m) of each cohort (Y) on total hour-degrees (H.D.) above 40oC within

each aspect (1983).

Aspect Cohort
No.

H.D. 7o survival of adults
within aspect (Y):

North 46.5
25.5
15.5
13.5
3.0

m

33.33

f+m

0
0
7.50
0
38.54

1

2
J
4
5

0
0
6.33
0

f
0
0
7.27
0
5.2r

South TL.I7
3.06
1.85
19.48
14.04

14.36
15.31
18.52
3s.06
7.02

25.53
18.37
20.37
54.54
2r.06

I
2
3
4
5

0
0
0
0
0

East 1

2
3
4
5

118.5
79.5
50.0
43.5
13.5

0
7.7
r.45
9.47
22.54

0
0
2.32
23.16
40.85

0
7.7
13.77
32.63
63.39

West

8

0
0
0
0
23

0
0
0
0

0
0
0
0

1

2
3
4
5

r25.5
70.0
52.5
47.5
13.5 8 37.3r 61.19
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TABLE 4-2 (6c) The test of the hypothesis of null regression of 7o survival-rate of
red scale on hour-degrees >40oC during the growth of the immature stages; in 1983,
1985 and 1983 plus 1985 (i.e. combined); and for females only, males only, and
females plus males.

Sex of
Scales

Data for
Year:

Statistics for regression

Intercept Slope d.f r p

Females

only

Males

only

Females

males

1983

1985

1983 + 1985

1983

1985

1983 + 1985

1983

1985

1983 + 1985

- 0.1036

- 0.0494

- 0.0s99

- 0.2077

- 0.2227

- o.2261

- 0.2993

- 0.2708

- 0.2746

- 0.488

- 0.246

- 0.298

9.39

2.56

5.53

19.63

22.59

21.33

28.97

2s.08

26.77

t9
t5

35

19

15

35

l9
15

35

<0.05

N.S

N.S

plus

- 0.552 < 0.02

- 0.327 N.S

- 0.545 < 0.01

- 0.536 < O.02

- 0.356 N.S

- 0.503 < 0.01
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4.2.2.3. Relationship between hour-degrees above 40oC and the

survival of instar red scale

An attempt was made to further relate the mortality-rate rate of lst instars in

each cohort to the accumulated hour-degrees >40'C.

For red scales on citrus fruits, about 127 day-degrees above 12'C is required

for lst instar instars to complete their developmental period (Atkinson 1977). So on

each sampling day after the start of each cohort, an estimate was made of whether or not

all the surviving lst instar scales had moulted to the next instar. If on any such

sampling day, more than about 140 DD > lzoc had elapsed since the start of a cohort, a

scale insect which was still a lst instar was considered to be dead. In Appendix Table

4.2 (I2) is given the starting date of each cohort, the sampling date by which all lst

insta¡ development was considered to have been completed, and the number of DD

>IzoC between the 2 dates. It will be seen from the table that the number of

DD>I2oC was usually 25-50 DD greater than the 127 DD required for "mean"

development of the lst insta¡. Thus any slow developers had a chance to complete

their development by the date by which all such development was deemed to have been

completed. And so, on that date an estimate was made, for each cohort, of the

numbers of scales which had died as 1st instars (from the number of 2nd instars), and

further estimates were made of the numbers of dead lst instars which were still on the

fruit - and by subüaction, the number of dead 1st insta¡s which had dropped off the

fruits. These latter numbers of dead lst instars are discussed in the next section.

All the relevant numbers are expressed as percentages of the initial number in

each cohort for each aspect in Appendix Table 4.2 (l3a) for 1983 and Appendix Table

4.2 (l3b) for 1985. And in Appendix Table 4.2 Qaa) and 14(b) are given the number

of hour-degrees >40oC which occurred during the developmental period of the I st

instar scales in each aspect in each cohort.
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TABLE 4.2 (7a). Regression of percentage death rate of lst insta¡ red scale (Y) on

hour-degrees above 40o C (X)

Tested item Intercept Slope r d.f. p

1983: total%o dead
vs. H.D. 39.83 1 0.780 0.483 16 <0.05

1985: total Vodead
vs H.D. 68.834 t.267 0.489 17 <0.05

TABLE 4.2 (7b). Analysis of variance to test the hypotheses of no difference in slope or

intercept of the regression lines describing the Vo death-rate of lst instars of red scale in relation

to hour-degrees > 40oC; for 1983 and 1985 separately

Analysis after Snedecor and Cochran (L967); Table 14.6.2 therein.

Source of
data d.f. x2 xy y2

Deviations from regression slope
d.f. s.s. M.s.

1983
1985

12,348.1
856.8

9,643.9
1,085.6

24,292.3
5,729.7

18,61 1.8
4,362.0

1,163.2
256.9

t7
18

16
t7

13 22,973.8 1,393.1

Pooled 35 13,204.9 10,729.5 30,022.0 34 21,303.9 626.6

Difference between slopes 1 1,669.9 1,669.9

1983 + 36 13,240.1 5,507.9 32,648.6 35
1985

30,357.3 867.4

Between adjusted means 1 9,053.1 9,053.1

Testins hvootheses
1. Difference in slope: F = 1,669.9/1,393.1 : l.2O (d.f. : 1,33); N.S.

2. Difference in elevations: F = 9,053.l/626.6 = 14.4 (d.f. = 1,34); p<0.01



Fig.4.2 @) The total 7o morfality of lst insta¡ red scales summed over aspects in each
cohort and plotted against cohort number. For 1983 and 1985 separately.

Fig. a.2 (5) The total qo mortality of lst instar red scales summed over aspects in each
cohort and plotted against the number of days from 25 Jan (the date on which
the earliest cohort was started) to the date of the start of each cohort.
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west.

4.2.2.4.

temperature to which the lst instar scales were exposed to as the starting dates of the

cohorts moved from mid late summer (25 Jan) to early autulnlì (9 March). But the

much gleater Vo mortalities in most of the cohorts in the apparently cooler summer of

1985 suggest that the criterion of H.D' > 40oC was not a useful one'

Finally the data in Table 4.2(8) which al.e re-arranged from Appendix Tables

l3a, l3b,can be used to test the hypothesis that there was no difference in the totzl7o

mortality of lst instar scales between aspects. The means for aspects are given in

Table 4.2(8 a,b) separately for 1983 and 1985. For 1983, an ANOVA indicated a

significant (p <0.02) difference between aspects, with the means of north (79'7) and

west (78.7) being significantly higher than the means of east (43'S) and south (35'9)'

For 1985 (Table 4.2(8b)), the mean mortalities of east and south were nearer those of

north and west but that of south (64.4)was still significantly lower than that of north or

The dron-off rate of dead lst instar scales

(Ð Introduction

As shown in Appendix Tables 4.2 (l) to (10) and in Appendix Tables 4'2(I3a)

and (13b), with the lapse of time, some of the dead scales dropped off the host lemons'

The rate of dropping off, which will be denoted as the drop-off rate, is of some

considerable interest because, if it is known, the 7o mortality rate of each stage of scale

can be estimated from the number of accumulated dead scales on the fruit plus the

number of dead scales which have dropped off. In at least one year at I-oxton, Maelzer

(pers. commun.) estimated that the drop-off rate of dead scales was relatively low and

that the Vo mortalityrate (and hence theTo survival rate) could be estimated from the rate

of accumulation of dead scales on fruits.

For a start, the percentages of dead lst instars in each cohort which dropped off

during the first 150-200 DD > l}oc are given in Appendix Tables 4-2 (l3a) and 4'2

(13b) for 1983 and 1985 respectively. And in Appendix Table 4'2 (l4a' 14b) are

given the numbers of H.D. >40oc to which each aspect of each cohort was exposed to

during the course of the 1st stadium. So one can test the hypothesis, which may be of
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6A

Table 4.2 (8) The total 7o mortality of lst instar red scales; data from

Appendix Tables a.2!3a) and (13b) re-arranged for aspect - and summed over

all asPects.

(a) 1983

North South East West
Mean for
cohort *

Cohort
number

1

2

Ĵ

4

5

100.0

100.0

82.2

97.1

18.7

61.7

34.7

23.r

19.5

40.4

4r.3

tj.9

2.8

100.0

93.5

92.8

100.0

7.5

87.3

76.0

s9.9

58.8

17.4

Mean for
aspect 79.7 35.9 43.8 18.7

* Regression of "mean for cohort" on "cohor[ number:"
y = 106.98 - 15.7x; t = 0-94, P < 0'02

(b) (1e85)

1

2

Ĵ

4

5

100.0

73.9

80.2

10.4

90.

9s.3

72.3

64.5

38.6

5t.4

58.1

84.8

63.8

49.5

100.0

90.s

69.7

92.1

6s.9

98.4

73.1

74.9

66.2

64.3

Mean for
aspect 82.9 64.4 70.9 83.6

* Regression of "mean for cohort" on "cohort number";

Y=98.21 -7-6x; r=0.88; P<0'05
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The real and apparent proportions of 1st instars which dropped off were then

multiplied by 100 to give percentages of real and apparent "drop-offl'of dead lst insta¡

scales.

Daily rainfall and wind data were obtained from the Waite Institute meteorological

station. The relevant falls of rain (mms) in 1983 and 1985 are given in Table 4.2(9) .

Also given in Table 4.2(9) a.re the days on which the daily wind run (Kms) at2mexceeded

200 - in conÍast to a mean wind run for Feb-April 1983 of 126.6 and for Feb-Aprit 1985 of

110.7. The numbers of scales which drop off are more likely to be corelated with the

highest wind gust per day rather than with the total daily wind run. But the two estimates

of wind intensity are themselves likely to be correlated and high daily wind runs are easier to

use initially.

liii) Results.

The numbers of dead lst insta¡s on the fruits and the estimated numbers which

dropped off between 2 sampling days are given in Table 4.2 (IO) for each of cohorts 14 for

1983 and each of cohorts 1-5 in 1985. These numbers are used to calculate the percentage

real and apparent "drop-off" (or numbers which dropped-off) for each cohort (ibid).

Cohort 5 in 1983 did not have a sufficient number of dead 1st instars to be included in the

analysis.

As an example of the calculations (Table 4.2(10)) detailed figures are initially given

for cohort 1- s which are derived from Appendix Table 4.2 (1-s), p 242. In this part of

cohort 1 there were initially 188 scales on day 0 (31 Jan.) . On day 14 (14 Feb) there were

57 W.C.s.,43 lsts. and72 second instars. So there were 100 1st instars (i.e. 57 + 43)

and Il2 scales altogether (i.e. 100 + 72); and 16 had dropped off. This value 16 is

therefore the first value of m in Table 4.2 (10) for cohort 1-S, and 100 is the 2nd value of n

in the same table. Both real and apparent mortalities are calculated as: (16 x 100)/188) = 9.

On day 28 (14 Feb.) there were then only 70 W.Cs + lst., so the second value of m in

Table 4.2(10) is 30. The real Vo drop-off is then 30 x 100/188 = 16; and the apparentTo

drop-offis 30 x 100/100 = 30.
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Table 4.2,9\ The days on which (a) rain fell or (b) daily wind run (Kms) at2m was high -

during January - April 1983 and 1985.

(A) Rain (mms)

r983

Date

17 Feb

1-4 March

15 March

22-23 March

10-12 April

1985

* This rain was thundersfuþ rain; that on other days was cold front rain.

(B) Daily wind run (Kms) at 2m.

1983 1985

Rain

1.0*

43.8*

9.6

32.4

30.4

Date

7 Feb.

16 March

14-15 April

Rain

3.2

47.6

14.4

Date Windrun

223.5

227.2

205.4

205.5

206.6

216.6

225.r

203.r

204.9

253.3

234.3

Date

7 Feb.

8 Feb.

2 March

14 April

15 April

V/ind run

255.5

2t6.5
208.3

209.3

237.7

17 Feb

3 March

10 March

17 March

19 March

22llIarch

3 April

5 April

ll April

24 ApnI

25 April

N.B The mean daily wind run for Feb-April, 1983 was 126.6 and for Feb.-April 1985

was 110.7





13

Ç!/.,r tr.2C\ô) c6.t .

Days n m Days n m

Vo "drop-off'

real app

Vo "drop-off'

real app

22 22
10 19
614
12 34
732
213
429
444
16

48

37
18
4
2
7
4
3
0
t4

32
5
3
I
8
2
2
2
5

53
34

51

Cohort 6

0
7
t4
2t
29
35
42
54
59
66

Cohort 8

0
7
t4
2l
28
39
44

65
72

Cohort 10

0
11
16
23
30

42
49
56
63

234
t44
t02
93
88
7l
61
54
54
2l

86
42
9
5
t7
10
7
0
33

37
29
9
5
19
t4
11
0

61

32
t4
10
5

28
T2
10
L4
36

Cohort 7

0 336
7 147
t4 t39
22 t23
28 108
35 101
47 86
52 81
59 7L
66 54

Cohort 9

111 33 33
8 2 5
16 412
15 4t2
7 27
15 4 ls
5 16
10 312
t7 524

376
146
126
tt4
108
78
69
62

119
20
t2
6
30
9
7
9
t9

0 400
7 20r
t4 162
2t t40
32 92
37 63
44 55
51 39
58 22
65 16

BB
39
22

29
B

l6
77
6

438
33r
168
r49
86
74
43
29
25
20

t07
T2
19
63
T2
31
t4
4
5

1

24
4
11
42
T4
42
33
t4
20

24
3
4
4
3
7
3
1

I

37
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The pattern of drop-off of dead lst instar scales is best examined graphically, by

plotting the percentage real and apparent drop-offs against (a) the number of days from the

start of each cohort, and (b) calendar time. The graphs may then distinguish between high

drop-off rates which consistently occur either (a) a certain number of days after the start of

each cohort, or (b) on (or after) certain calendar days - irrespective of the date on which a

cohort was started - as may be expected, for example, after rain or wind or after maximal

physiological expansion of the fruits.

In Figs 4.2 (6, a-d) and 4.2(7, a-d) the percentage real drop-offs are plotted against

days from the start of the cohort, for cohorts l-4 in 1983 and cohorts 1-4 1985 respectively.

The arrows in these figures mark the days on which rain fell. The figures indicate that there

was usually a relatively high percentage drop-off of dead lst instars in the first 10-30 days

of each cohort. In 1983 some of these relatively high (30-40o/o) percentage drop-offs

occurred just after the thunder stonn rain of 1-4 March - but some occurred before the rain.

The influence of rain in 1983 is better explored by overplotting the data for cohorts

1-4 (for 1983) against (a) days from the stafi of each cohort, and (b) calendar date - in figs

4.2(8a) and (8b) respectively. The dates or days on which rain fell are also marked in these

figures, and a comparison of the figures strongly suggests that (i) there was a common

cause of the relatively high drop:offs of scales in the first 30 days or so in the life of each

cohort, and that the initial high drop-offs occurred within about a 12 day interval after about

25 February; - see Fig. a.2(8b); (ii) by chance, some thunderstorn rain did fall within

this critical 12 day period, but it was obviously not wholly, at least, responsible for the high

drop-offs because in2of the 4 cohorts it fell after the initial high drop-offs had occurred;

and (iii) there was obviously no influence of other rains on the drop-off of scales.

The similar data for 1985 are similarly over plotted for cohorts 1-4 against days from

the start of each cohot (Fig. a.2 (9a)) and against calenda¡ date (Fig. 4.2 (9b)). They

show no influence of rain on the drop-off of scales.

The wind values given in Table 4.2 (9b) have not been similarly denoted in Figs 4.2

(8a, 8b, 9a and 9b) but it is obvious from a scan of the wind values in the table and of the

Figures that wind played no obvious pafi in the drop-off of dead scales.



Fig. 4.2 n.
7-14 da
For eac

The numbers of dead lst instar scales which dropped off the lemons in
y intervals in relation to the number of days from the start of the cohort.
h of cohorts 1-4 in 1983.
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Fig. a.2 Q) The numbers of dead lst instar scales which {opp9d off the_lemons in- 
7 -14 day.intervals in relation to the number of days from the start of the cohort.
For each c fcohorts 1-4 in 1985.
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Fig. 4.2 (8a) The numbers of dead lst instar scales which ¿¡oppg4 9ff the lemons in
7-14 day intervals, overplotted for each of cohorts 1-4 in 1983 against the
number of days from the start of the cohort.

Fig. a.2 (8b) The number of dead 1st instar scales which dropped
14 day intewals overplotted for each of cohorts 1-4 in 1983
date.

off the lemons in 7-
against calendar
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Fig. 4.2 (9a) The numbers of dead lst insta¡ scales which dropped
7-14 day intewals, overplotted for each of cohorts 1-4 in 1985
number of days from the start of the cohort.

off the lemons in
against the

Fig. 4.2 (9b) The number of dead 1st instar scales which dropped off the lemons in 7-
14 day intervals overplotted for each of cohorts 1-4 in 1985 against calenda¡
date.
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Fig. 4.2 (9)
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Ontheotherhand,acomparisonofFigures4.2(9.¿)and(9b)Suggeststhatinl9S5-

unlike 1gg3 _ there was a consisrent high drop-off of scales in the first 10-15 days from the

srarr of each cohort Fig.4.2(9a)) which had nothing to do with rain or wind occurring on

some particular day nor with some plant physiological process occurring in some particular

interval of calendar time.

can anything else be leamed from the apparent rather than the real percentage drop-

offs? The former were also overplotted, for cohorts 1-4 of 1983 and for cohorts 1-4 of

1985 respectively, against days from the start of each cohort and against calendar time'

whilst appafent drop-off rates are the only rates which can realistically be used' with

repeated sampling, in population dynamics, the apparent drop-off rates in this experiment

were based on ever-decreasing denominators. so it is not surprising that they were much

more variable than ttle "real" drop-off rates (see Table 4'2(10) and that they did not show

the trends shown bY the latter'

Finally,thedataforeachyealweregroupedbycombiningthedataforcohorts

which were sampled at about the same number of days after the start of each cohort' The

percentage real and apparent drop-offs of dead Lst instar scales which were calculated from

these grouped data are shown in Table 4.2(ll) and in Figs. 4.2(10a,b). The percentage

real drop-offs for each year are better frtted by curvilinear lather than by linea¡ regression

Q\g.4.2(10a));andthepelcentageapparcntdrop-offsalestillsovariablethatno

regression is significant (Figs 4.2 (10b)). Howevef, when the data for 1988 and 1985 are

combined, the percentage real drop-offs can be described by a curvilinear regression which

is signif,rcant at p < 0.01 (Fig. a.2(10c)); and the appalent drop-offs can be described by a

significant linear regres sion (Fig' a' 2( 1 0d))'

(iv) Discussion

In conclusion, it is wonh discussing briefly the possible cornmon cause of the

relatively high drop-off of dead lst instar scales in the 12 day interval aftet 25

February,1983(Fig.4.2(8b)).Noobviousmeteorologicalphenomenoncanbe

found as the cause. However, on 16 February, 1983, Adelaide experienced one of its
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Table 4.2 (ll\

Year

Days from
start of
cohort

The number of dead lst instar scales which were still on the fruit (n)

and which d¡opped off the fruits (m) wiqh dme, and the estimated Torcaland
apparent (appiódrop-offs"; data for 1983 and 1985 separately'

n m

7o "drop-off'

real app

1983

1985

0
13
26
40
54

1655
1008
652
556
4t4
434
351
158
t33

t784
972
697
619
482
387
3r4
265
234
165

256
273
96
49
73
59
4
15

511
Lzl
78
r37
95
73
49
31
69

15.5
16.5

15.5
27.1
t4.7
8.8

r7.6
13.6

1.1
9.5

28.6
12.4
12.6
22.7
t9.7
18.9
15.6
13.2
29.5

5.8
3.0
4.4
3.6
0.2
1.0

66.s
84
98
110

28.6
6.8
4.4
7.7
5.3
4.1
2.1
r.7
3.9

0
7
T4
2t
29
35
42
54
59
66



Fig. 10. The Vo numbers of dead lst instar scales which had dropped off the fruit
in relation to the numbers of days from the start of each cohort. Data combined
for all aspects and all cohorts.

(a) , Vo te-Ãl drop-off; for 1983 and 1985 separately.

(b) Vo apparent drop-offs; for 1983 and 1985 separately.

(c) Vo real drop-offs; for 1983 + 1985

(d) Vo apparentdrop-offs; for 1983 + 1985.
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hottest days for many years, with a maximal temperature of 41.8oC and a strong (80

km per hour) northerly wind which ferociously fanned the many bush fires which have

labelled this day as "Black Ash V/ednesday". During the night a "cool change" swept

through Adelaide and was preceded by a lmm of thunderstorm rain. The high loss of

dead scales 10 days later may have been related, somehow, to these events. Perhaps

the hot fruit was suddenly cooled by the rain, thereby causing some of the dead scales

to be loosened sufficiently so that they were lost later? Or perhaps the trees and hence

the fruits were unusually sEessed by the huge evaporation rate on that day?

On the other ha¡rd, no reason can be thought of for the initial high drop-off in

each cohort in 1985 @ig.4.2(9a)) other than "natural causes". But the difference

between the data for the 2 years really pinpoints our ignorance of the processes and

stresses the need for further work to elucidate them.

4.2.2.5 The drop-off rate of dead scales of other instars

The drop-off rates of dead scales of other instars can similarly be expressed as

real and apparent rates, and they can similarly be estimated from the data in Appendix

Tables 4.2 (l-10). However, some explanation of their derivation is necessary. In

any of the relevant tables of data, the initial number of dead scales of any one stage

(other than 1st instars) can be estimated as that number on the sampling dáte on which

the numbers of later stages is maximal. For example, in Appendix Table 4.2(5-N), on

16/5,there were 16 2nd instars on the fruit plus 38 males + 3rd instars. On 26/5, there

were 15 2nd instars and 37 later stages. So the initial number of dead 2nd instars is

taken as 16 on 16/5. To illusftate the point, this value of 16 is marked with an asterisk

- and other relevant numbers are similarly marked in the other Appendix Tables 4.2 (l-

10). For cohorts 1 to 5, 1985, the numbers that dropped off at each sampling time are

also given in Appendix Tables 4.2 (6-10).

The numbers of 3rd instars Íìre too small to analyse a¡rd the numbers of 2nd

instars and males have to be grouped over aspects and cohorts to make any sense. The

totals for 2nd instars and males are given in Table 4.2 (12), and the apparent (rather

than real) percentage drop-offs are plotted in Figs 4-2(lla,11b) respectively. The data
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Table 4.2 /12\. The numbers of dead 2nd instar and male insects which were still on the fruit
(n) and which had dropped off (m) with days from the start of each cohon; and the
estimated Vo apparentdrop-off. Data for 1983 and 1985 combined.

Stage of
scales

Days from
start of
cohort n m

7o apparcnt
drop-off

2nd instars 36
46
65
83
103
tl4
t28
r42

38
44
52
66
82
r02
r20
135

237
270
153
t44
98
95
86

8.4
37.8*

5.9
4.9
2.9
9.5
5.8

20
02I

81

9
7
3
9
5

N.B. More than 5O7o of this drop was in one cohort (no. 3 in 1983)

Males 349
345
325
167
152
140
138
135

4
20
33
15
2
2
-J

1

1.1
5.8

9
1

1

0.2
.0
.3
.4

2.2



Fig. 1 1.- . The 7o numbers of dead 2nd instar or male scales which had dropped off
the fruit in relation tc the numbers of Cays frorn the start of each cohort.^' Ðata
combined for all aspecrs, all cohorts and both years (i.e. 1983 and 19s5).

(a) Vo apparentdrop-offs of2nd instar scales.

(b) Vo apparent drop-offs of male scales

tt
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indicate that the numbers of Znd instars and males which dropped off were usually

much lower than those of 1st instars (compare Figs l1 to 8 & 9),Even the one "high"

drop-off of 38Vo of 2nds at day 65 (Fig. 1la) was due largely to one cohort (no. 3; in

1983). On the whole the data suggest that the drop-off rate for males especially, was

small enough and consistent enough for 3-4 months after the scales died, to allow the

numbers of dead scales on the fruit to be used to estimate the mortality-rate.

4.2.3 General discussion

Finally, it is of interest to discuss further the usefulness of estimates of mortality

from dead 2nd and male scales still on the fruits and to discuss estimates of mortality of

1st instar scales as well.

The numbers of dead scales which dropped off the fruits in my experiments

may have been higher than may occur naturally because:

(Ð the crawlers were brushed on to the fruit rather than being allowed to emerge

naturally from under the female scale, and whilst the handling may not have affected

their short-term mortality, it may have influenced their longer-term mortality and also

the probability of them dropping off the fruit after they died.

(iÐ the crawlers were restricted, by experimental design, to outward facing portions

of oranges which were exposed to hither temperatures than are inward facing portions

of fruit (or fruit in shade within the canopy); these outer portions of the fruit may also

be subjected to higher degrees of transpiration and skin stretching which may influence

the loss of scales from the fruit after they die.

(üÐ the data a¡e restricted to the experimental areas of the selected fruits and to

approximately equal numbers of scale insects on the 4 main compass aspects; but in

summer a large proportion of the scales occur on inward-facing portions of fruit, or on

fruit in the shade elsewhere (Maelzer, pers. commun.); and it is also possible that a

larger proportion of the population occurs then on the southern side of trees.

So, in conclusion, both the mortality-rate and the drop-off rate of dead scales

may be lower than occurred in my experiment - and they may be lower again on

oranges than on lemons which tend to mature more quickly than oranges. In particular
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more work is needed on the assessment of the loss of dead scales from fruits and of

how such loss may be influenced by rain, wind or plant physiological processes -

before the accumulative number of dead scales on fruits can be used with confidence to

estimate mortality-rates.
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4.3. Mortality of Red Scale and the DuratLon

of Extremes of Tenperatures

Extreme temperature (both high and low) is one of the nost important

facLors affecting the mortality of red scale. Abdelrahman (1974)

classifled the stages of growEh of red scale lnto four categories according

to their tolerance to extreme cold and heat. The growing and the

egg-naturation stages were nost tolerant, followed in order by the noulting

sLages, the prepupal stage of males and the pupal stage of na1es. Critical
low temperatures were estimated as LD5Ors of each stage of red scale as

follows: about -3oC for the most tolerant stages; +3oC for the

crawler-producing stage; about +6"C for the moulting stages and about +10oC

for the prepupal and pupal stages of males. And critical high

temperatures, again estinated as LDsOrs, ranged between 46 a¡d 48oC for all
sËages.

Stage
Growing stages
Egg-maturation stage
Crawler-producing stage
Moulting stages
Male prepupa and pupa

LD50 low temperature (oC)

-3
-3
+3
+6
+10

All stages
LD50 high temperature (oC)

46-48

Abdelrahrnan did not investigate the influence of durations of exLrene

temperatures on mortality and his scale insects experienced an ext,reme of
temperature for less than 0.5h in each experiment. In the fÍeld, however,

red scale nay be exposed to an extreme tenperature' especially to low

temperature, for up to I hours. So, rny experinent was designed to measure

the influence of duratl-on (hours) of extreme temperature on mortality of
red sca1e.

4.3.1. llortality of red scale
4.3.1.1. Methods and naterials

Treatments: The treatnents were all the conbinations of 3 extremes of
tenperatures, nameLy, -2, *5 and *45"C; by 7 durations, namely, 0, 0.5, 1,

2, 4, 6 and 8 hours. In the O-hour treatment, the tenperature deviated to
the same temperature as the other durations but then returned at once to

the base temperature.



81

A rcontrolt treatment was also included in which the red scale were

kept at the base temperature al-1 through the experiment.

In nature, temperature fluctuates hrith a 24-hours periodicity. In
sunmer, htgh maximum tenperatures are attained during days which follow
nights with a minimun of about 25"C. In winter, 1ow ninimun temperatures

are recorded after days with maximun of about 10oC. Consequently,

experímental incubators were programmed with a 24-hour cycle of fluctuating
tenperatures with either (a) a base constant temperature of 25"C fron which

devíations up to 45oC were made to occur, or (b) a base constant

temperature of 10"C fron which deviations down to -2oC or +5oC were made.

The extreme temperature of 45oC was 2-3"C lower but -2oC and +5"C were

close to the LD5Ors suggested by Abdelrahman (1974) for the growing and

moulting stages of scales.

The tenDerature cvcles: The experinental incubators were I insulated

boxes with a Peltier-effect heater/cooler (the Minifridge, manufactured by

Sheen Pty Ltd). The tenperature in the boxes was controlled by a

nicroprocessor [Flg.4.3 (1)].
The incubators were progi'amned to take four hours to change gradually

to the experimental extremely 1ow (-2 or +5oC) or extrenely high (+45'C)

t,enperatures from the base tenperatures; and 4 hours for the temperatures

to return to the base temperatures from these extrene Lemperatures.

Culture of red scale: Experimental red scales were cultured on

butternut pumpkins. Cohorts of red scale were started by the brush-method

Lo a narked area on each purnpkin from prior infested hosts (see Section

3.1). These punpkins were then nalntained in an insectary room at 27+I"C

and 6O% R.H. until red scales had reached the required stages.

SÍnce the culture tenperature was 27"C and since some of the

treatments were designed to simulate winter days with maxima of 10oC, the

scales were slowly acclinaËized, by lowering the temperature, over 3 days,

before exposure to the trwinter treatnenttt: on the first day, they were

moved to +20"C ftom 27"C; to +15"C on the second day and to +10"C on the

third day. The insects were then placed in the relevant incubators for
treatment. After treatment, they were again accllmatized over 3 days, this
time to increasing temperature until the return to +27oC, at which

temperature were then held for 10 days until nortality was assessed.
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Figure 4.3 (1). Experimental incubators (x8).
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Scale insects considered killed by the periods of extreme temperature

were those which failed to develop beyond the stage at which they had been

treat,ed. Under a x25 magnification microscope, each scale cover was turned

over and the insect was determined to be alive or dead. Those that were

dead were obviously so, wÍth dry and shrivelled bodies.

4.3.L.2. Results
The numbers of red scale used in each treatment are given ín Appendix

Tables 4.3 (1) to 4.3 (14). They ranged fron 50 to 312. The total numbers

of scales, the numbers and the percentage rates of dead red scales in each

treatment are also given in these appendix tables. Unfortunately' in some

of the experiments, some of the incubaÈors lost control and only 6

incubators were used.

Testing variation betveen the trcontrolsr:

It was of interest initially to test the nul1 hypothesis that the

mortality of red scale at each of the base constant tenperatures (C.T.) was

not different from the mortality at the comparable treatment (8.T.) in
which tenperature was made to change to Èhe extrenely low or high

temperature and then to imnediately change back to the base tenperature so

that the duration at the extreme tenperature was 0 hours. The relevant

data are re-arranged from the Appendix Tables 4.3 (1) to (14) and are given

in Table 4.3 (1) and a chi-square test was conducted to assess the null
hypothesis.

These tests índicated that nost of the mortalities at the low constant

tenperatures were smaller than those at the extremes of 1ow temperatures

with O-hours duration; but no difference was found for the 3rd stage or the

2nd moult female. However, there were few significant differences in
mortality between the constant tenperature of 25oC and the extreme

tenperature of 45"C wiÈh a duration of O-hours. The only big difference
was for the 1st noult of red scale and the 2nd moult lnstar of male red

sca1e.

It is next of interest to compare the observed Z nortalities at the

extreme tenperatures and those expected fron Abdelrahmanrs (1974)

regression equations. The data in Table 4.3 (1) show that the observed

nortalities at the extremes of low temperatures (-2'C and +5oC) were much

smaller than those expected from Abdelrahrnants equations; but the observed

nortalities at 45"C were greater than those expected from the younger



8l+

Table 4.3 (1). Percentage dead rate of red scale at (a) the

base constant temperatures (C.T.) and (b) each of the

extreme Èemperatures (8.T.), with a duration of zero hours.

Also given is the significance of a Chi-square tesË of the

differences between the two rates, i.e. aÈ C.T. and E.T.

The expected percentage dead rate of each stage is given

from Abdelrahmanrs (1974) regression equations.

Stage of
red scale

observed 7" d,ead
at temperature ("C):
C.T. E.T. D.F.

Expected Z
mortality
dut to E.T.

For chi-
square
test, P:

lst
2nd,
3rd

+100c
7.52
L.48
1.09

-2"C
TI.5B

6.58
L.25

17.06
5. 10
0.16

<0.005
<0.05
>0.05

1

1

I

42
45
4L

+100c
lst. moult m
2nd noult 2.92

+5"C
TEo

9.24
.64
.32

L3.46
-1.17

.005

.o25

.005

67.r

100.0
66.905

<0
<0

<0
>0

15
6

within the 2nd noult:
male 0 13.46
female 7.L4 5.97

lst
lst noult
2nd,
2nd moult

+250C
T6J9',
L4.63
14.53
7.83

+45"C
L9.77
27.O5
17.53
L2.79

>0.05
<0.005
>0.05
>0.05

3
2
3
4

5.4
5.2
0

58
42
00
96

L6
I

<0.05
>0.05

>0.05

1

within the 2nd noult:
male 6.80 16.67
fenale 8.66 9.57

9.87
0.91

1

2

3rd L.t2 5.06 3.94 4.7

C.T. :base constant temperature; E.T. :extreme temperature;

D.F.:difference in Z nortality between C.T. and E.T.
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stages of scales, i.e. lst moult instar, and were similar to those

expected, for the 2nd instar, 2nd moult instar and 3rd instar. The

differences at the low tenperatures might be due to either the differences

fo host used for the culture of experinental scale insects or the

acclinatizalÍ.on regimen: I used pumpkins as host but Abderalhman used

lemons; and the scale insects in my experinents had experienced an

acclimatizatLott regimen, by contrast they were not acclinatized before

Abderalhmanr s experiments.

Testing the Ínfluence of different
durations of extreme -genperature.3
Linear regression analysís was conducted to assess the percentage

mortalities (Y) of red scale ín relation to durations (X) of hours of

extreme tenperatures for each of the sets of data given in Appendix Tables

4.3 (1) to 4.3 (14). The relevant statistics are summarízed, in Table 4.3

(2). All but three of the linear regression equatÍons were signlficant.
The only non-sÍgnificant ones were for the lst instar and the 2nd instar at

-2oC and the lst moult instar at +45oC; with the last one being just not

significant at p=0.05. So it can be concluded that the percentage

mortality of the scale insects was nearly always a function of the

durations (hours) of the extreme temperatures.

4.3.2. Reproduction of treated adult fenale scales

This experiment was conducted to test the influence of periods of

exposure of the 3rd instar scales to high temperature of +45oC on the

reproduction of the subsequent adults.

4.3.2.I. lGthods

After the neasurenent, in the previous experiment, of the nortality of
the 3rd instar scale insects exposed to fB hours to temperature of 45oC,

the host pumpkins were replaced in a constant temperature room at 25oC and

40-602 R.H. 0n each of the experinental punpkins, 20 surviving scales were

enclosed within an arena by use of trnodeling clayrr, and the total numbers

of red scale progeny which were produced were counted every two days and

then renoved fron the arena. CounÈs were carried out until the 30th day

after the birth of the first progeny. The experiment then had to be

terminated because some of the pumpkins began to rot.



86

Table 4.3 (2). Statlstlcs of the linear regression of the
percentage dead rates (Y) of red scale in relation to the
durations of hours (X) (ranged 0-8 hours) of extreme
temperatures (E.T.). The row data for each regression are
given in Appendix Tables 4.3 (1) to 4.3 (I4) which are
denoted here as Tab.1-14.

E.T. Tab. Stage of Intercept Slop r d.f. P

red scale

-2 1

3
7

1st
2nd
3rd

2r.66
22.75
5.2L

+0.26
+2.I5
+2.23

+o.272
+0.559
+0.887

4
4
5

>0.05
>0.0s
<0.01

+5 2 lst moult 17.13 +2.39 +0.807 5 <0.05

+5 4 2nd moult 8.50 +3.94 +0.923 5 <0.01

within the 2nd noult:
5 male L5.57
6 fernal-e 3.76

+6.31
+0.95

<0.01
<0.05

898+0
+0 .849

5
5

+45 I
9
10

1st
1st noult
2nd

20.33
24.23
16.77

+2.79
+2.68
+1.43

+o.952
+o.797
+0.924

3
4
4

<0.05
>0.05
<0.01

+45 11 2nd moult 9.00 +3.49 +0.934 5 <0.01

within the 2nd noult:
L2 male 10.34
13 f emale 8.I2

+4.28
+2.60

+0.904 5
+o.966 5

<0.01
<0.01

+45 14 3rd 4.LL +L.Iz +0.903 4 <0.05
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4.3.2.2. Results
The rnean accumulated progeny per adult female scale for each treatment

is shown in Table 4.3 (3). The mean daily reproductive rate for each

treatment was calculated as:

Total accumulated mean of progeny per adult scale

Total reproducing days in each treatment,

and is given in the last line of the Table 4.3 (3). It ranged from 2.01 to
2.9L young per adult scal-e per day for the treated scales. The rruntreated

scalesff at constant temperature of 25"C gave a mean of 2.37. None of these

results were significantly different from each other or fron the nean rate

of. 2.3L reported by hlillard (1972) from red scales reared on leaf disks at
25"C. So there is no evidence that the exposure of scales to 45oC as 3rd

instar scale insects affected the reproduction abllity of the subsequent

adults. The regresslon of total mean progeny on length of period at high

tenperature was calculated but. was not significant.
It was concluded that subjecting 3rd instar scale to periods of hígh

temperature (45'C) does not affect the reproduction of the surviving adult

female scales.

4.4. llortality of Red Sca1e in the Sun

4.4.L. Experinent 1: Measurement of nortality on the tree
Abdelrahman (1974) established an extrenely high temperature of 48.5"C

for the LD50 of lst instar red scale. His temperature was obtalned from a

laboratory experiment under regularly fluctuating tenperatures rrith a

24-hout cycle. Such a high shade temperature has never been recorded in
Adelaide; the highest naximum was 44.3oC between L925 and 1983 at the trtlaite

InstiEute (I,taite Agri. Res. Inst., 1982-83 Biennial Report). However, in
an orchard in nature, insects may experience summer temperatures in the sun

which are about 15oC higher than the anbient shade temperature (see Chapter

2). For exanple, the temperature in the sun could be 50oC when the anbient

tenperature was about 35"C. The latter temperature is well within the

range of anbient temperatures recorded in Adelaide.

The following experinent was conducted to test the influence of
ext,rene tenperatures and days of exposure on mortallties of lst instar and

subsequent stages of red scales on oranges on the tree. The experiment ran

from 25 February (late sumner) to 4 August (nid-winter). It was believed
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Table 4.3 (3). Mean accumulated progeny per trtreated adultrl

red scale; of scales which htere exposed Eo durations of 0 to

8 hours of 45oC as 3rd instar scales. Also given are the

data for scales kept aÈ a constant temperature (C.T.) of

25"C.

Days Duration in hours at 45"C
c.T.

25"C 0 1 846

1

2

3

5

7

9

11

13

I4

16

18

20

22

24

26

28

30

2.42

5.32

8.00

L3.26

20.LT

25.80

31.68

34.89

3s.84

40.31

44.99

48.84

52.9s

57.95

62.37

66.63

7L.26

1.00

4.58

10.95

17.32

23.05

30.26

33.11

34.32

38.68

43.21

47.63

52.74

57.42

62.74

66.89

7r.84

r.74
5.32

10. 11

15.00

2r.32
27.53

29.58

30.84

34.74

38.79

41 .58

44.89

48.26

2.34

6.97

14.86

23.34

30.50

37.76

4r.93

44.45

48.45

52.86

s6.93

6L.T4

68.52

2.20

4.50

9.85

15.50

23.45

27.95

29.50

32.95

35.35

37.50

41.50

47.L0

54.35

61.60

67.50

3.60

8.36

13.16

20.60

27.L4

30.80

35.52

40.L2

42.96

45.52

49.56

52.72

55.36

57.44

60.00

73.97

78.52

84.34

52.00

54.68

58.42

Mean 2.37 2.48 z.OL 2.9L 2.4L 2.14
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that during this period the extreme anbient tenperatures would not be high

enough to cause too much nortality in both control and experimental red

scales shaded from the sun. However, the experlnent was started when a

very hot period of weather lras forecast and it was based on the expectation

that after late surrmer, the anbient tenperatures would not be higher than

the temperatures in the sun at the start of the experiment in late summer.

4.4.t.\. llethods and nateria-ls
Treatments: The treatments were 4 exposure tines in days for lst

instar scales. After seeding the lst instar scales on to the experinental

fruit (see below), the scales in all four treatments were shaded from the

sun for the lst day to al1ow then to ttestabllshtt (i.e. settLe down), and

then they were given one of the 4 following treatments:

Treatnent

Treatnent

Treatment

Treatnent

1:

2z

3:

4:

ItControlrt; to neasure natural nortaLity; shaded from the

sun continuously untl-l the end of the experiment.

Exposed to the sun for one day only and then shaded from

the sun to the end of the experinent.
Exposed to the sun for 2 days and then shaded fron the

sun to the end of the experiment.

Continuously exposed to the sun until the end of the

experiment.

Details of treatments: In late summer (25/2/L983), 4 large, stil1
green oranges were chosen from the eastern part of a tree canopy. An

experlnental area on each orange was marked, about 4 cm in diameter, on the

side facíng the outer edge of the canopy. About 100 lst instar red scales

was started on each of these oranges by the brush nethod (see Chapter 3),

at 9-11 â.Ít. ¡ 25/2/1983. Then the oranges were lmmediately shaded from the

sun to let the crawlers settle down. Ttris day of transfer of the crawlers

was denoted as the rrlst dayrr of the experiment. The experimental

treatments of the scales were carrled out fron the second day.

None of the experínental scales were protected from their natural

enemies, ê.g.¡ Aphvtis spp., during the experimental period.

A photographic nethod was used to record the development of the scales

on each of the experimental oranges (Chapter 3; Sectlon 4.2). The first
batch of pictures r{as Èaken on the second day; the second batch after
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another 4 days. Then a batch was taken once every 10 days until the end

(on 4/8/L983) of the experinent.
Tenperatures in the sun vrere measured lmn above the surface of an

orange by a recording thernocouple (see Chapter 2); the ambient

tenperatures of the orchard were recorded by a thermohygrograph in a

Stevenson Screen.

4.4.L.2. Results and dlscussion

The temperaËure expectations of the experiment were realized in the

sense that the highest tenperatures in the sun during the course of the

experiment were experienced on the 2nd and 3rd day of the experiment (47.O

and 48.3oC respectively). Thereafter the highest tenperatures in the sun

were 44.0oC or lower, which are too low to cause mortality of red scale

accordlng to Abdelrahmanrs (1974) regression equations. Ttre tenperatures

>40oC experienced during the course of the experiment are given in Table

4.4 (L).
The day-degrees (denoted as D.D.) >12"C (Atkinson L977) expected for

the development of red scale were èalculated and accumulated from the nean

a¡nbient temperatures of each day. Using these values of D.D., the expected

D.D. to complete developnent for the dífferent stages of red scales are

again gÍven in Table 4.4 (L). Also given are the extremes of tenperatures

expected during each stadium. Thus the lst instar scale insects were

expected to remain l-n that stadiun fron 25/2/1983 to 5/3/L983, i.e. for
L22.3 D.D. [Table 4.4 (1)]. During this period, the scales in the sun

could possibly have experlenced a total of 5 days 1n which the exÈremes of
tenperatures were higher than 40oC. They were then expected to have become

2nd l-nstars, and in thls stadiun they should have experienced two hot days,

with naxima of 44.0 and 41.5"C in the sun [Table 4.4 (1)]. The expected

mortalities in probl-ts Icalculated by use of Abdelrahnanrs equations

(1974)] and also in percentages for the various extremes of daÍ1y

tenperature recorded are also given in Table 4.4 (1). From the filns, the

observed numbers of red scales which developed up to different stages are

given in Appendix Table 4.4 (L) to 4.4 (4) [see Sectlon 4.2 for nethod].

As shown in Table 4.4 (L), no mortality due to high temperature was

expected after 27/2/L983 in any of the treatments. The extremes in the sun

of 47.0"C on 26/2/1983 and 48.25"C on 27/2/L983 were expected to cause

independent nortalities of 24.7% and 45.1% respectively. Hence, the

expected percentage mortality of lst lnstar red scales was 24.7
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Table 4.4 (l). Experiment 1. Day-degrees >12oC (Atklnson

L977) for the development of each expected stage of red

scales and the expected percentage and probit mortaliEy

(Expec. mort.) due to extreme temperatures >40oC in the sun

in each expected stage of red scale; 25/2-4/8, 1983.

Period: Stage

Day-degree

Extreme temperature ExPec. mort.

Date In sun Air* Z (probitxx)

25/2-s/3 lst:
122.3 D.D.

24.7 (4.3L67)

45.r (4.8766)

o (2.L702)

o (1.7904)

o (L.t42t)

6/3-26/3 2nd:

152.8 D.D.

26/2

27 /2
2/3

3/3
s/3

6/3

LL/3

47.O

48.25

42.5

4r.75

40.s

38.0

38.0

29.5

31.5
29.O

44.O

41.5

37.5

33.0

o (0.7160)

0 (-)

27/3-9/s 3rd:
112.0 D.D.

lol5-4/8 adult:
36.8 D.D.

x: Obtained from a Stevenson Screen.
**: Probit values, calculated from Abdelrahmants equations

(1974a).
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in Treatment 2, in which scale insects hrere exposed to the sun for one day;

and the accumulative percentage mortality of scales in Treatnent 3, 1n

which scales were exposed to the sun for two days, r.¡as expected to be

24.7+45.Ix(100.0-24.7)/tOO=58.7. In Treatnent 1 (control; shaded), anbl-ent

temperatures were not expected to cause any nortality of the lst instar
scales. And in Treatment 4, as in Treatnent 3, the expected accunul-ated

percentage nortallty of the lst instar scales was 58.7, because after the
fr3rd dayrf (27/2/L983), the extreme tenperatures in the sun were not high

enough to cause any expecÈed nortality of red scales.

These expected nortalities are given for the respective treatments in
Table 4.4 (2). The ínitial total number of red scales and the observed

percentage nortality of the lst instars in each treatnent are also given in
Table 4.4 (2). The percentage mortalities were calculated fron the

following fornula:

Total initlal fio¡of scales - No.of 2nd instar scales
oo7

Total initial no.of scales

wíth the numbers of 2nd instars and subsequent stages of scales being glven

in Appendix Table 4.4 (1) to 4.4 (4).
0f lnÍtial interest is the relatively high natural mortality of 50% in

the rrcontrolfr (Treatment 1) of scales which had been shaded from the sun

and had never experienced a temperature higher than 40oC. This relatively
high natural mortality may have been due partly to the relatively high

temperature on the day of transfer of the crawlers. It nay also have been

due to attack by Aphvtis spp. Obviously higher percentage nortalities'
72.I-80.47o, were caused in the other treatnents due to the higher

temperatures in the sun; but they were not much different from each other.
The percentage mortalities in the treatments other than the control

were then corrected by Abbottrs (1925) fornula to compensate for the

natural nortality of the control (Treatment 1). These corrected

mortalities, which purport to indicate the influence of only extremes of
tenperature on nortalJ-ty, are also given in Table 4.4 (2). They ranged

from 44.2 in Treatment 4 up to 60.8 in Treatment 3; and those in treatments

3 and 4 were not significantly different from the expected percentage dead

from Abdelrahman (1974). However, the mortality in Treatnent 2 was

significantly higher than that expected.

.______- 1
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Table 4.4 (2>. Experiment 1. The observed and expected

percentage dead of lst instar red scales. [Observ':

observed total dead; Cor.: corrected dead by Abbottts (1925)

formula for mortality in the control, Treatment 1; Expe':

expected dead from Abdelrahnan (L974 ) regresslon

equations].

Treatment Initial no.
of scales

% d,ead of red scale

Observ. Cor.(Y) ExPe

Exposure
tine in
days (X)

1: shaded

2: exposed
for one day

70

57

50.0

73.7

000
47.4 24.7 1

3: exposed
for two days

97 90.4 60.8 58.7 2

4: unshaded 104 72.L 44.2 58.7 2

x Abbottts formula: P = C + Pr x (100-C)/100

where P : total % dead in the treatment-

C z % dead in the control.
Pt ¿ % dead due to the treatnental factor.
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The generation mortallty of insects in the various treatments was also

of interest because sometimes the harm that has been done by extremes of

temperatures cannot be detected until nuch later in the life cycle
(Andrewartha and BÍrch 1954). The numbers of insects in the different
stages at each sampllng date are given Ín Appendix Tables 4.4 (1) to 4.4

(4). It was assumed that by the last sampltng date (4 August) all the

stages of scales other than adult scales were dead, so that the nunber of

adults (male and fenale) then present r.¡as the total number that had

survived in the generation. It was also clear from the photographs'

however, that 2 adult female scales had been lost from Treatnent 1 [see

Appendix Table 4.4 (1)]. The nunbers of adult female scales that survived

in each treatment are given in Table 4.4 (3). Slnilarly it was possible'

fron the photographs, to determine r¡hen a particular scale had survived to
becone an adult nale¡ and slmilarly again, on 4 August, a few numbers of
such scales r{ere sti1l on the fruits but a large number of scales had been

lost earller [Appendix Tables 4.4 (L)-4.4 (4)]. The numbers of adult nale

scales that survived in each treatnent are also given ín Table 4.4 (3).
Also given in Table 4.4 (3) are (1) the initial- numbers of scales

(white-caps) in each treatment, (2) the numbers of scales that were dead or

were lost fron the fruiEs before becoming adults and (3) the percentage

mortality, whj-ch is the generation mgrtality.
Between Treatnents 1 and 2, a chí-square test v¡as conducted on the

assumption of no difference on the dead of red scale [Tab.4.3 (3)] between

the treatments; a chi-square value of 8.439 (d.f.=l, P<0.01) indicated that
the nortality of scales in Treatnent 2, which had been exposed to the sun

for one day as lst instars, Ìras slgnificantly higher than that of the

control (Treatnent 1). In other words, the percentage mortality in
Treatment 2 was signiflcantly higher than that of the control. Sinilarly'
the percentage mortallty of Treatments 3 and 4 were significantly greater

than that of the control; but the percentage nortalitles 1n TreatmenÈs 2, 3

and 4 were not different fron each other.
Finally, the percentage of scale insects which survived to became

adult fenales in each treatment is again given in Table 4.4 (3). The

analysls of such generation survival percentages is always difficult
because the percentages are always sna1l and the differences between

treatments w'i1l not be significant unless very large l-nitial numbers of
insects are used. The dífferences between treatments are then nore

usefully interpreted Ín terms of the population trend index
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Table t+.4 (3). Experiment 1. Numbers, survival and dead,

and percentage generation mortalitíes of red scales. Also

given is the value of chi-square test on the null hypothesís

of no difference in dead numbers of red scales between

Treatments I and 2.

Treatnent InÍt.*
number

Alive number: 7" rate:

Female Male Total Dead Female

Dead
nunber

1: shaded

2: exposed

for one day

3: exposed

for two days

70

57

10 22 32 38 54.3 Lt+.3

4 I L2 45 78.9 7.O

97 3 9 12 85 87.6 3.1

4: unshaded 104 4 L4 18 86 82.7 3.8

(1). *: initial total nunbers.

(2). For comparison of dead numbers of red scales between

treatments 1 and 2:

chi-square = 8.439 (d.f.=1, P<0.01)
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(Harcourt 1969, Southwood 1978). The nean fecundity of red scale is
approxinately 100, and the overall sex ratio of the survivors was 21

fenales : 53 males, or 28% of females. So, a survival rate of 1 female out

of 28, or 3.577" is required to maintain equal numbers ln the next

generatÍon. The population trend index for the varl-ous treatments can

therefore be roughly estinated as:

Treatment 1:

Treatment 2:

Treatnent 3:

Treatment 4:

L4.3/3.57=/r.01

7.0/3.57=L.96

3.I/3.57=O.87
3.8/3.57=1.06

These figures suggest that the first hot day, on 26/2/L983, reduced

the population trend Índex from 4.01 to 1.96 in Treatment 2, and the second

hot day on 27/2/L983 further reduced the population trend index in
Treatments 3 and 4 from 4.01 to 0.87 and 1.06 (nean of 0.965) respectively.

Ttre data suggest therefore that (a) each of the hot days reduced the

population trend Lndex by a factor of 0.5, and (b) the two hot days in a

roh¡ caused the scale population to renain at about the sane numbers rather

than increasinþ by a factor of 4.0. An exploration to the nortality caused

by 3 or more hot days in a row should not be made from the data in thls
experlment but obviously 3 or rnore hot days either in a row, or during the

life of an immature scale, could have an even greater depressive lnfluence

on the popul-ation trend index.

4.4.2. Experinent 2: Mortality on lenons in the suo

but off the tree
In experiment 1, the measurements of the-influence of extreme

temperatures in the sun on mortallties of scale insects were carried out on

oranges on the tree. However, such an experiment is difficult to conduct

and mortality due to other causes is difflcult to separat,e fron that caused

by high temperature in the sun. The experl-ment would be much easler to

conduct and to interpret if it could be done on fruit away from the tree.
So the following experiment was conducted, wfth fruits off the Èree' to

determlne j-f similar results coul-d be obtained as in the previous

experiment.
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4.4.2.I. llethods and naterials
There were only two treatments, namely insects on lemons in the shade

(treatnent 1) and insects on lemons in the sunlight (treatnent 2). About

50 lst instar red scale were started on each of 8 waxed lemons by the

brush-nethod (see Chapter 3). The lenons were then kept aE 25oC anð' 60%

R.H. for three days before treatnent. They were then aged about 39

day-degrees )12oC.

At 10:00 a.m. on l5/2/L985 all 8 lemons were placed on the ground in
the shade in the orchard of the l,laite Institute. 4 of. them (treatment 2)

rrrere exposed to the sun for 1.5 hours, ftom 2:00 p.m. to 3:30 p.m. and then

were shaded again untll 5:00 p.n. Both groups of lemons were then taken

back into the insectary and kept at 25oC and 602 R.H. till the survivlng
scale insects of the control (treatnent 1) had reached the 2ncl noult
instar. The death of each Ínsect was then assessed by turnJ-ng it over

under the nicroscope (x25 nagnification).
The under-skin temperature (see Chapter 2), about 5mm under the skin

of a lemon, ïras recorded with a thermocouple once every 15 nlnutes for
lemons in the sun.

4.4.2.2. Results and discussion
The air (anbient) and under-skin tenperatures are shown in AppendJ-x

Table 4.4 (5). The former ranged from 31.4 Eo 34.6oC, and the latter from

39.1 to 47.3"C. The extrene high of 47.3"C was similar to that recorded in
experiment 1.

The initial numbers and observed percentage nortalitles of red scales

in both t,reatments are given in Table 4.4 (4). Also given in thls table is
the expected percentage mortality of lst instar red scales fron
Abdelrahnanrs (1974) regression. The observed mortality of scales in
Treatnent 2 was corrected by Abbottrs (1925) fornula for natural nortality
in the control (Treatnent 1); and is also given in Table 4.4 (4). The

expected nortality of the scales due to the extrene of 47.3"Cwas29.27" and

was obviously much l-ower than that corrected (1002). So, I suggest two

nain possibilities causing the difference in mortalities of scale insects

between expected and corrected:

(1) Duration of the extreme temperature. The duration of extreme

tenperatures has been shown to be an inportant factor causing high

nortalities in scal-e insects (see Section 4.3). In my experinent the
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Table 4.4 (4). Experl-ment 2. 0bserved, corrected and

expected percentage mortatliy of lst l-nstar red scales.

Treatnent Total no.

of scale

Z mortalltl-es of red scale:

Observed Corrected* f,¡¡pgç¡sfl*tn

1:shaded

from the sun

220 17.27

2:exposed

to the sun

100.00 100.00 29.2

0

23r

*: by Abbottrs (1925) formula.
**: by Abdelrahnants (1974 ) regreesion equatíon.
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duration of tenperatures between 45 and 48oC accumulated a total of about

1.3 hours. By contrast, it seems that, the duraÈion of the extreme

tenperaLures in Abdelrahmanrs exper.iments would not be longer than several

minutes. As a result, a much higher death rate was observed in ny

experinent.
(2) Comparing the results of Experiment I in Section 4.4.I which was

run at a sinilar high temperature (47.0"C on 26/2/L983 and 47.3"C on

15/2/Lg85), the corrected percentage nortality, by Abbottfs (1925) formula,

in Treatment 2, in which scales vtere exposed to the sun for one day, was

47.4% [Tab.4.4 (2)] antl was nuch lower than the 100.02 recorded ín this

later experimenL. I belíeve that the physical variation of host fruitst
ttontt or |tofftr the tree, might be the main cause which sLrongly increased

the nortality of scale insects in the sun.

4.5. Mortality of Cohorts of Red Scale Responding to lov Temperature

4.5.1. Introduction
This experiment was conducted to assess whether or not the nortality

of red scales in relation to extremes of low temperature in the field could

be predicted by the regression equation fron Abdelrahman (1974).

4.5.2. Methods and Materials
The experiment was run at Loxton (South Australia) during the period

LL-L1/8/1983. It had only two treatmenLs, nanely, (1) insects exposed to

low temperatures, and (2) insecEs not exposed to 1ow tenperature

(control).
For treatment 2, the scale insects on host lemons were maintained in

an insectary room under a natural fluctuation of tenperature to measure the

naLural nortality of scales.
For treatment 1, red scales on host lemons were placed on the ground

under the canopy of a tree, about 50 meters away fron this insectary. The

lemons were covered by a plastic sheet, about 25cm height, to keep the raÍn

off.

Culture of ttre erperimental- red scales: ExperimenLal red scales were

cultured on waxed-lemons (see Chapter 3). Big but unripe lemons were used

in this experiment. Crawlers of red scale for experlmental cohorts were

transferred to the experimental area of each host lemon by the brush nethod

fron prior infested butternut pumpkins of a mass culture at 25oC and 60%



100

R.H. (see Chapter 3). After the transferred crawlers had settled dovm, the

host lemons were then naintained ln an insectary room at 25+1oC and 60%

R.H. to Iet the scales grow to the so-called rryoung stagerf of each required

instar. For instance, a total of about 130 day-degrees >12oC (Atkinson

L977) was requlred for the conpletion of developnent of lst instar red

scale; this lnstar comprises the growing and the moult stage. So, for the

growing stage of lst instar, it was considered as about 65 day-degrees

)L2"Q the so-called tryoung stagett was then considered as about 20

day-degrees old, about one third of the total requÍred day-degrees for full
developnent of the growing stage. Sinilarly, later instars were taken to

about 1/3 development.

Measurinp tenperatures3 In the orchard the anbient tenPerature was

recorded frorn a shaded thermocouple 15 cn above the ground.

Skin-temperature (see Chapter 2) was also recorded. Tenperatures in the

insectary room were recorded by a thermohydrograph.

Accllnatl-zatl-on of scale insects¡ The influence of acclimatfzation on

the mortality of red scale in the field is unknom. So, all the

experimental scale insects were made to experience a short perl-od of
fracclimatizatÍonrr before and after their experimental treatment. Each

stage of red scale was maintained at temperatures fluctuating between 13

and 16"C for several days. The temperatures withín this range hrere higher

than the threshold tenperature of devel-opment of 12"C for red scales

(Atkinson L977); but would neither accunulate too many day-degrees of

developmenL, above L2"C, to age the experimental scales beyond the instar
required, nor affect the mortalities of the scale insects.

Recording the develooment of red scales: This experiment was run in
an orchard in Loxton, 200 kn north-east of Adelaide where the insects were

prepared. So the scale insects were transported several tines during the

experinental- period. Sone dead scale covers may have been lost due to this
kind of motlon. To avoid thls, the developnent of the cohorts was recorded

by the photographic method (see Chapter 3). The first batch of pictures

was taken before moving the scales to the Loxton laboratory. The second

batch was taken 10 days after all lenons with scales had been taken back to

the insectary room in Adelaide and kept at constant temperature. The

period of 10 days was believed to be sufficiently long enough for each
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stage of red scale to complete its own development cycle and to get beyond

the stage which had been treated. Hence, by a comparison of these two

batches of pictures (see Section 4.2 for method), the influence of extreme

tenperatures on the mortalities of scale insects could be estinated. Scale

insects which urere still in the treated stage 10 days after they had been

returned to the insectary at 27+L"C ltere considered as dead.

4.5.3. Results and discussion

Observed total number of scales and the numbers and percentage rates

of dead scales in each stage are gíven in Table 4.5 (1). The tenperatures

in the field and in the insectary are given in Appendix Table 4.5 (1) and

(2) respectively. In the insectary only the ambient Eemperatures were

recorded. In the field the ambient temperatures were nearly the same as

the above-skÍn tenperatures, so only anbient tenperatures in the field are

given ín Appendix Table 4.5 (1).
In the field, during the experimental period of. LL-L9/8/1983, ttre

lowest tenperature was +1.5"C (on the 8th day, L8/8/L983) [App.Tab.4.s (1)]
and it was +10.5"C (a1so on 18/8/1983) in the ínsectary room [App.Tab.4.5
(2)]. These two values were established as the extremely low tenperature

for scale insects Ín thls experiment. The expected percentage nortaliLies
of each stage of scales insects due to a low of 1.5"C were calculated by

use of Abdelrahnanrs equations (L974) and are also given in Table 4.5 (1).

The actual percentage dead was corrected by use of Abbottts (1925)

formula. Both the observed and the expected dead in each stage are given

in Table 4.5 (1). As shown in thís Ëable, differences between observed and

expected rnortalities could be put into two categories: young stages and

mature stages. The former ínvolved lst instar, lst noult instar and 2nd

instar; the latter involved 3rd and pre-reProducing adult stage.

Obvlously, the differences were not significant in the young stages. By

contrast, the nature stages showed a significant difference between the

observed and the expected mortality.
Ihe differences in mature stages nay have been caused by (1) the

different ranges of experimental temperatures which were used, and (2) the

influence of acclimatization for the experimental scale insects. In ny

experinent, in the field, the tenperatures ranged fro¡n t1.5 to +24.0oC; by

contrast, a bigger range r¡as used in Abdelrahmants experiments (-5 to
+25"C). Due to the snaller temperature range and the acclinatlzation

method used, mature stages of scales could possibly present a higher
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Table 4.5 (1). Percentage dead, observed and expected, of

each stage of red scale responding to extremes of low

temperatures.

Stage Treatment Total no.
of scales

iL dead rate of scales:
observed expected.

lst 1:control
2: field

**Corrected % dead

150
116

s6
64

19.8

4.7
22.L

18.3

0
7

lst 1:control
noult, 2:field

238
229

40.3
9s.2

92.O

1

99
9
5

r$*Corrected Z dead 99.5

2nd 1:control
2: field

*ttCorrected Z dead

284
1s6

16.2
25.O

10.5

2.r
L9.4

17.7

3rd 1 tcontrol
2: field

*r+Corrected. 7" dead

51
44

0
0

0

10.1
26.8

18.6

P.R.lt 1:control
2: field

s6
36

0
0

0

10.3
31.0

23.rCorrected 7" dead

*' pre-reproduction female adult scales.

#: by use of Abbottrs (1925) formula.
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tolerance to the tested low tenperature of +1.5oC. Besides, the influence

of the duration of an extreme ternperature (see Section 4.3) was not taken

into account in Abdelrahnants concept. So I believe Abdelrahnanfs (L974)

regression equations could glve some infornation for a prediction in
percentage dead of red scale respondíng to extreme low temperatures but not

much, especially on mature stages of scale insects. Since the influence of

acclinatization r,¡ere seenly revealed in my experJ-nents in Section 4.3, to
expect a better result on the predíction of a mortality of red scale due to

extreme of low temperatures, one should consider the positive influence of

acclimatizatíon on the reduction of nortality of red scale.
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CEAPfER 5. BIOIOGY AND E@IOGY OF Aphvtis melinus lþBach

5.1. Host-Feeding of Female Adult of !g Melinus

Marchal (1909) was the first to notice the host-feeding habit of

Aphvtis adults. Soon, some reports of similar observations were given by

Quayle (1910) and Imns (1916). Later, Flanders (1951) pointed out that a

culture of Hymenopterous parasites may cause the rrnutilationrr of scales by

feeding to obtain the naterial needed for the developnent of their eggs.

He suggested that the influence of host-feeding by Aphvtis adults ïIas so

effective as t,o destroy an entire culture of host and parasite, if the

parental parasite population had been excessíve in relation to the

available hosÈ population. He said that each adult during fts life was

capable of thus destroying 40 or more scales assuming the wasps had access

to honey.

DeBach, Fl-eschner and Dietrick (1953) described the host-feeding of

A. chrvsomphali as follows. The parasite forms a feeding tube by mean of a

v¡axy secretion which hardens around the site pierced by the ovipositor.
The body liquid of the scale is sucked out through this tube by Èhe adult
parasire. DeBach et al. (ibid) and Debach and l.rlhite (1960) also thought

that host-feeding by AphvËis spp. adults hras necessary for oviposition, and

that rfhost-feedingtt caused more mortality in scales than that caused by

actual parasitization. Host-feeding of Aphvtis spp. has subsequently been

considered an important cause of mortality of red scale (DeBach' Fleschner

and Dietrich, 1953; DeBach and l,lhite, 1960; DeBach and Sundby, 1963).

The nutilation of red scale by Aphvtis h'asps was first quantifíed by

Abdelrahrnan (1974b). In his experiments the h'asps krere provided wíth honey

as food and each wasp killed an average of four 3rd instar red scales

daily, two by oviposiLion and two by host-feeding. Abdelrahnan (ibíd)
ranked the scale stages on the mutilation due to waspsf host-feeding as:

lst moult (most nutilated), 2nd instar, lst instar, 3rd lnstar, nale pupa

in order i 2nð, moult, pre-adult, producing-adult stage were unmutílated. By

comparison, later, Rosen and DeBach (1979), in rrspecÍes Of Aphvtis 0f The

l{orldrf, presented a similar concept. They believed the first instar and

the first moult stage of red scale are not acceptable for oviposition but

readily utilized for tthost-feedingrr by female vtasps of Aphvtis spp.

Insects of 2nd and 3rd instar are acceptable for both oviposition and

host-feeding.
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However, nobody has studied the mortality caused by oviposition and

host-feeding of adult A. melinus in the absence of a honey source, which is
nore likely to be relevant to the ecology of red scale in the main citrus
producing areas of S. Australia where necEar or honey dew are unlikely to
be available for most of the year (D.A.Maelzer, pers. commun.).

Accordingly, my experiments were designed to determíne: (a) whether

Lhe rrhost-feedingrt habit of Aphvtis was sufficient by itself to increase

the fecundity of females of A. melinus, and (b) to measure the mortalíty of
red scale that then occurred. The experiments comprised two parts, namely,

Part 1: Laboratory experiments, in which artificially started cohorts

of red scale were offered to A. melinus adult females.

Part 2: Field experiments, in which adult females of Â. melinus had

access to selected red scales from the natural population.

5.1.1. E-periments and results
Part 1. Iaboratory experiments

General nethods

Three experiments were run in a constant. tenperature room at 25+1oC,

602 R.H. and a photoperiod of L:D=14:10 hours. Each experiment comprised 2

replications of each of the same 3 treaEments, which were:

1: control, with scale insects only.
2: in each of the 2 replications, 15

scale insects on the lemon; vrasps

3: in each of the 2 replications, 15

scale insects on the lemon; honey

lemon for the r{rasps as food.

fenale wasps hrere

were noL provided

female wasps vtere

was placed on the

caged with
with honey.

caged with
skin of each

The first experiment, was conducted with lsE instar scales only; the

second with 3rd instar scales only; the third with a nixture of lst, 2nd

and 3rd instars scales.
For each experiment, cohorts of red scales were started on waxed

lemons by the ttbrushtt method (see Chapter 3). They were then placed in an

insectary room at 27¡L"C and 607" R.H. till the required experimental

stages. Both experimental scale insects and parasiEoid wasps were caged on

each of host lemons by a rrfruit-cagett (see Chapter 3) with a bottom

diameter of 5.5cm.
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One-day-old female r{asps of A. melinus were sucked up in rrcollection

tubesrr from the mass culture (see Chapter 3). Before being introduced to
the treatments, they were first allowed to mate in the tubes tor l-2 hours,

but were not provided with food (honey).

Each experiment was allowed to run until all the wasps in treatnent 2

(no honey) had died. All the wasps in treatment 3 were then removed.

The mortality of red scales was assessed five days after all the

fruits had been freed of wasps, by turning over each scale insect and

examining iE under a x25 magnification microscope.

Experiment 1: t{ith lst instar red scales

Results
The numbers of dead and live red scales in each treatment are given in

Table 5.1 (1). This Table also shows Ëhe numbers of dead and live scales

expected in Treatment,s 1 and 2 on the null hypothesis of no differences
between treatments.

The mortality of red scale ranged from 11.92 in the control to nearly
100% in treatment 3 in which the wasps had access to honey. Treatment 3

was obviously different to the other 2 treatnents and a chi-square test on

the first two treatments gave a value of 44.53 (d.f.=1, P<0.0025)

indicating that the wasps caused a significantly higher mortality of scales

than occurred in the control; and clearly the wasps caused an even higher

mortality when they had access to honey in treatment 3.

The mortality of wasps which were not provided with honey, in
treatment 2, is shown in Table 5.1 (2). The survival tine of Ïrasps ranged

from 1 to 3 days, with a mean of 1.710.1 days. By contrast, none of the

wasps was dead at the end of day 3 in treatment 3 in which honey was

provided.

Mortality (Z) due to r+aspsr host-feeding in the treatnents was

corrected by Abbottrs (1925) formula:
p=pc+prx(100-pc)/100

So: Pt = (P-Pc)/[(100-Pc)/rOO1

where,

P : Lotal observed mortality in the Èreatment.

Pc : mortality in the control.
Pt : mortality due to the treatmental factor in the treatment.
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Table 5.1 (1). Experiment 1. Observed numbers, alive and
dead, and percentage dead of lst instar red scales. Also
given are the expected nunbers in Treatments 1 and 2 on the
assumption that there was no difference between them.

Treatment Obsserved no.: Expected no.:

Alive Dead Total Dead Alive Dead
z

1: Control:
rep. l
tep.2

L66
204

23
27

189
23L

total 370 50 420 11.90 327 93

2: hlasps + no honey:
rep.l 224
rep.2 I73

toz
66

326
239

total 397 168 565 29.73 440 L25

3: I^lasps +
rep.1
rep.2

honey
4
2

6

L79
278

183
280

total 457 463 98.70

To test the difference between Treatments I and 2:
chi-square = 44.53 (d.f.=l, P<0.0025)

Table 5.1 (2). Experinent 1. Nunbers of wasps of
A. melinus which died each day in Treatment 2 in which the
wasps were not provided with honey as food.

Day Numbers of dead wasps

0
I
2
3

0
L4
T2
4

Total 30

LD50 = 1.7 a 0.1 days
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And the daily consunpÈion of red scale by waspst host-feeding was

calculated in each of Èreatments 2 and 3 as:

Corrected number of dead scales

Numbers of wasps x Mean life time of wasps

However, the corrected mortalities caused by host-feeding are given in
Table 5.1 (3). The ttmean life timett of wasps in treatment,2 was 1.7 days;

in treat,nent 3 it was considered as 3 days [Tab.5.1 (2)]. So, the mean

consumpt,ions of scales due to host-feedíng per h¡asp per day was 2.24 in
treatment 2 and 5.07 in treatment 3 [Tab.5.1 (3)]. These mean rates were

not significantly differenr (t=2.52, d.f.=2, P)0.05).
So the data suggest that the wasps killed scales at the same rate per

day, whether they did or did not have access to honey. However, those with
access to honey lived longer and consequently killed a larger number of
scales

Experiment 2: Irlith 3rd instar red scales
This experiment was conducted to determine the influence of

host-feeding on both mortality and parasitism of red scales, and also on

the survival of the wasps themselves.

Results

Mortality of red scale in each treatment is shown in Table 5.1 (4).
The observed percentage of dead scales ranged from 4.18 in the control
(with scale only) up to 33.61 in treatment 3, in which h¡asps were provided

with honey as food. Using Abbottts (1925) formula, the corrected death

rates were 5.53% for wasps with no honey in treatment 2 and 30.717. for
wasps with honey in treatment 3 [also Tab.5.1 (4)]. These rates are

obvíously significantly different.
The difference between treatments I and 2 was also tested. The number

of dead scales expected on Ehe nul1 hypothesis are gíven in Table 5.1 (5).
The chi-square value of 6.66 (d.f.=1, P<0.01) indicated thaÈ host-feeding
of the lrasps that were not supplied with honey caused a death rate of
scales greater than the natural mortality.

Also given in Table 5.1 (4) are the percentage rates of parasitization
of red scales. A much higher parasitization rate of 23.247" was caused by
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Table 5.1 (3). Experinent 1. Consunption of scales due to
host-feeding of A. nelinus per wasp per day in Treatments 2

and 3, with two replications (rep.) for each treatment. The

rrcorrected deadtr were corrected by AbbotLrs (1925) formula

for mortality in the control (Treatment 1).

Treatnent % rate of dead

0bserved Corrected

Dead scales
due to host-
feeding

Consumption:
scale no./per
wasp per day

1:control 11.90

2:wasps + no honey:
29.73

rep. 1

rep.2

20.24

66
48

2.59
1 .88

mean 2.24

3:wasps + honey:
98.70

rep.1
rep.2

98.52

180
276

4.00
6. 13

nean 5.O7

Cmparison of means of Treatments 2 and 3:

t = 2.52 (d.f .=2' P>0.05)
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Table 5.1 (4). Experinent 2. Nunbers, total (live + D. +

Para.), dead (D.) and parasitized (Para.), and percenÈage

rates of the dead and parasitized 3rd instar red scale in
each treatment, wíth two replications (rep.). The

rrcorrectedtr dead h¡ere corrected by Abbottrs (1925) formula

for mortality in the control (Treatnent 1).

TreatmenL Number of scale 7" tabe ofz Corrected:

Total D. Para. D. Para. Total 7" D. No.D.

1:control:
rep.l I27
rep.2 LL2

30
70

total 239
corrected

100 4
4

18
18

0
0

4.18 4.L8
4.18

2:wasps * no honey:
rep.l 163 L2 7
rep.2 185 21 10

9
10

total 348
corrected

33 L7 9
5

4
4

48
53

.89 L4.37

.89 L0.42
5.53 19

3: wasps + honey:
rep.l 140 32
rep.2 101 49

25
31

43
31

total 24L
corrected

81 56 33.61 2
30.71 2

3.24 56.85 30.71 74
3.24 53.95
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Table 5.1 (5). Experinents. Ttre chi-square test on the nu1l

hypothesis that there was no difference 1n dead numbers of

3rd instar red scales betwee treatments I and 2.

Treatment Nunbers of red scales

Alive Dead Total

1: scales only

2: scales + h'asps

239

331

229

298

10

33

total 527 43 570

chi-square value = 6.66 (d.f.=L, P<0.01)
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wasps feeding on honey than that of 4.89% caused by wasps which had no

access to honey. They were obviously different.
Again, the wasps did not live long ín treatment 2 in the absence of

honey and the numbers of wasps that died each day are given in Table 5.1

(6). The pattern of nortality was very sínilar to that of the wasps in
experíment 1 [Table 5.1 (2)]; and a nean longevíty of 1.8+0.1 days was

calculated. By contrast, none of the h¡asps was dead at the end of day 4 1n

treatment 3 in which they had been provided r¡ith honey as food; again, as

in experiment 1.

The daily consurnptions of scales per wasp in each of treatments 2 and

3, for both death (due to host-feeding) and parasitization' were caLculated

as for Experiment 1 and are given as in Table 5.1 (7). hlhen the wasps were

not supplied with honey (treatment 2) the total mean consumption of scales

per wasp per day was 0.67; within this, 0.35 scales dead due to
host-feeding and 0.32 scales parasitized. And in treatment 3, the total
nean r{as 1.09 scales; within this, 0.62 scales dead and 0.47 scales

parasitized. A t-test was conducLed to test each of the null hypotheses

that these rates of death (due to host-feeding) and the parasitization of

scales showed no difference between treatnents. The value of. t=2.65

(d.f..=2, P>0.05) indicated that there was no difference between the two

means of dead scales due to host-feeding; another value of t=2.01 (d.f..=2,

P>0.05) indicated there v¡as no difference, again, between the two neans of
parasitized scales. So the signiflcantl-y different total nunbers of dead

and of parasitized scales in Treatment 2 (no honey) and in treatment 3

(with honey) [Tab.5.1 (4)] were clearly due to the greater longevity of the

h¡asps that had access to honey.

Experinent 3: Iüith a nixture of lst, 2nd and 3rd instar red scales

This experiment was conducted to determine whether female wasps of
A. melinus would feed on and kill equal proportions of lst,, 2nd and 3rd

instars red scales when they had access to a nixture of all three stages

(see also: General nethods).

Results
Numbers of live and the numbers and percentages of dead and

parasitized of scales of each stage in each of the 3 treatments are given

in Appendix Tables 5.1 (1)-5.1 (3); also given are the corrected numbers

and percentage rates of dead scales responding to waspst host-feeding (see

methods shown in Experiment 1).
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Table 5.1 (6). Experinent 2. Numbers of females wasps of
A. melínus which died each day when they were not provided
wlth honey as food in Treatment 2.

Day Numbers dead

0
1

2
3
4

0
L2
L4
2
2

Total 30

LD50 = 1.8 + 0.1 days

Table 5.1 (7). Experiment 2. Mean consumptions of red
scales per fenale wasp of A. melinus per day in Treatnents 2

and 3, two replications (rep.) for each treatment. Also
given are values of t-test on the null hypothesis there was

no difference between treatments.

TreatmenL Mean consurnption due Ëo factor of:

Host-feeding Parasitization Total

2:wasps + no honey:
rep.l 0.33
rep.2 0.37

mean 0.35

o.26
0.37

o.32 o.67

3:wasps + honey:
rep.l O.72
rep.2 O.52

mean o.62

o.42
o.52

o.47 1.09

For comparison of neans:
t-value 2.65
P (d.f.=2) >0.05

2.
>0

02
05
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Table 5.1 (8) to 5.1 (11) show:

In Table 5.1 (B) the trtotal deadtt for each treatment, with tttotal

deadtt being the sum of those ki11ed and parasitized over all instars.
Percentage rates of in the three treatments ranged from 8.872 in the

control to nearly 100% ín treaLment 3 in which wasps were provided with
honey. The natural morLality, 8.87%, in the conÈrol was obviously lower

than that due to host-feeding and oviposition of rr'asps in Treatments 2 and

3. And the wasps caused an obviously higher percentage rate of total dead

(sum of dead and parasitization) over all stages of scales when they had

access to honey (96.35), than when they were not provided with honey

(37.se).

Similarly, the obviously higher percentage rate of dead over all
stages of red scale due Èo host-feeding only was caused when the wasps were

provided h¡ith honey (89.49) [App.Tab.5.1 (3a)], than when they had no

access to honey (31.55) [App.Tab.5.1 (2a)]. Further analyses were carried
out as follows.

The numbers of wasps which died each day in treatment 2 in which the

wasps were not given access to any food except, scales, are shown in Table

5.1 (9). The range of longevity was 1-4 days, wíÈh a mean of 1.6+0.2 days,

which was similar to those as 1.7+0.1 days in Experiment I [Table 5.1 (2)]
and 1.8t0.1 days in Experinent 2 [Table 5.1 (6)]. Again, also similar to
those in Ehe above nentioned experiments, at the end of day 4, none of the

wasps was dead when they were provided wíth honey as food (Treatment 3).
Using the sane arithmetic as in Experiment 1, the daily consumptions

of scales for both the dead due to the waspsr host-feeding and due to the
parasitization in each stage of scales in treatnents 2 and 3 were

calculated from the data in Appendix Table 5.1 (2) and (3). The daily
consumption of each stage of scales due to host-feeding of wasps in
Treatments 2 and 3 are given in Table 5.1 (10). Two sorts of comparisons

can be nade between the means in Table 5.1 (10), namely (a) between

treatments, for each stage of red scale separately, and (b) between stages

of red scale within treatments. A t-test was conducted for each comparison

of type (a); the values of t , given in Table 5.1 (10a), showed none of the

t-tests was significant. A t-test was similarly used'to test Ëhe

difference between the mean of 3rd instar female scales and that of each of
the other stages within each treatnent. These values of t are given in
Table 5.1 (10b); and clearly again índicate no differences between the

means (of consumption of scales per wasp per day) for the different sEages
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Table 5.1 (8). Experiment 3. Numbers, live and total dead
(dead + parasltized), and percentage total dead of red scale
in each ireatnent, with two replícations (rep.).

Treatment Numbers of scales

Alive Total dead Total

7' rabe of.
total dead

1: Control:
rep.1
rep.2

total

331
316

647

35
28

63

366
344

7LO 8.87

2: I,Iasps * no honey:
rep.l 2II
rep.2 2lt+

r52
to4

425 256total

363
318

681 37.59

3: I,Iasps * honey;
rep. l
rep.2

L6
11

386
326

402
337

total 27 7L2 739 96.35

Table 5.1 (9). Experiment 3. Numbers of wasps of A.
melÍnus died each day in Treatment 2 in which wasps were not
provided with honey as food.

D"y Nunbers dead

Total 30

0
I
2
3
4

0
t7
10
1

2

LD50 = 1.6 + 0.2 days
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Table 5.1 (10). Experimemt 3. Consumption nunbers on each

stage of red scales due to host-feeding per female wasp of
A. nelinus per day in Treatnents 2 and 3, with two

replications (rep.) for each treatment (obtained from

App.Tabs.s.l (2) and 5.1 (3)). Also given are the value of

t-test for each null hypothesis of no difference between

elther the means of Treatments 2 and 3 or the means within
each treatmetn.

Stage of
red scale

Nunbers of daily consumption of scales

In Treatment 2 In Treatment 3

lst:
rep. l
rep.2

mean

0
I

46
00

1 .78
L.42

0.73 I .60

2nd female:
rep.1
rep.2

mean

0
0

s4
92

1.55
L.20

0.73 1.38

3rd female:
rep. 1

rep.2

mean

3
1

o4
25

L.25
L.T7

2.L5 L.2L

2nd male:
rep. l
rep.2

mean

o.62
0.58

I
1

43
23

0.60 1.33

Total:
rep.1
rep.2

mean

4.66
3.75

6.01
5.02

4.2I 5.s2
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Table 5.1 (lOa). The t-value to test the difference between

means of Treatments 2 and 3, for each stage of scale

separately.

Stage of red scale t-va1ue P (d. f .=2)

1st

2nd

3rd

2nd

for

instar
fenale instar
female instar
male

Total

2.68

2.52

1.05

L.64

r.94

>0.05

>0.05

>0.05

>0.05

>0.05

Table 5.1 (lOb). The t-value to test the difference between

the nean of the 3rd instar scales and that of each of the

other stages within each of Treatments 2 and 3 separately.

hrith stage lrrithin Treatment 2 hlithin Treatnent 3

t-value P(d.f=2) t-value P(d.f.=2)

lsr instat
2nd female

2nd nale

L.52

I .55

t.73

>0.05

>0.05

>0.05

2.L2

0

1.11

>0.05

>0.05

>0.05
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of scale within each of Treatments 2 and 3. So although the consumption

rate of 3rd instar females in treatment 2 was seemingly triple that of
other stages of scales [Tab.5.1 (10)], the variability between the

replicates was very high and nade the difference between means

non-significant.
As well as the measurement of waspst host-feeding, it was of interest

to assess the mean daily consumption of scales due to parasítization of
wasps. This assessment vras made by the formula below:

Numbers of parasitized scales

numbers of wasps x mean life tine of wasps

The rrmean life time of waspstt t¡as again taken to be 1.6 days in
treatment 2 and to be 4 days in treatnent 3.

The mean daily consumption of scales due to parasitization are given

in Table 5.1 (11); they ranged from 0.21 scale per wasp per day up to 0.38

scale. The overall mean was 0.30 scales per wasp per day in treatnenÈ 2

and 0.38 in treatment 3. The t-tesL value of 0.94 (d'.f..=2' P>0.05)

indicated that these neans were not different.
The total consumption of scales per wasp per day was the sum of those

dead due to hraspst host-feeding plus those parasiÈized. They were

0.30(parasitized) +4.21(host-feeding) =4.51 scales in treatnent 2 in which

wasps with no honey; and 0.38+5.52=5.90 in treatment 3 in which wasps with
honey as food. These totals were not. considered significantly different
from each other, because there was no difference between treatments either
in those dead due to host-feeding or those parasítized.

Part 2. Field erperiments

Between April and May 1985, field experiments were carried out on

oranges on trees in the orchard of the lrlaite Institute. Experimental

scales were selected from the natural populatlon by renoving the unwanted

scales with the aid of a x25 magnification shouldered-mícroscope (see

Chapter 3).
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Table 5.1 (11). Experiment 3. Mean daily consunption of

parasitization of red scale per wasp in Treatnents 2 and 3,

with two replícations for each treatment. Also given is the

value of t-test for the nuIl hypothesís no difference

between the means of the treatnents.

in Treatment 2 in Treatnent 3

Replication 1

Repllcation 2

Mean

0.38

o.2l
0.30

0.38

0.38

0.38

t = 0.94 (d.f.=2, P>0.05)
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General nethods

Three treatments were established as that in the laboratory

experiments of Part 1; but different numbers of replicates and numbers of

vrasps per replicate were used. The treatments were as follows.

1: ttControltr, with red scales only; scales vtere caged on each of 2

oranges (replícaÈes).

2z 5 female h'asps of 4,. melinus with scale insects were caged on each

of 4 oranges (replicaÈes); !¡asps were not provided with honey.

3: 5 female wasps with scales were caged on each of 4 oranges

(replicates); honey was provided to wasps as food and was placed

on the surface of each fruit.

The wasps were caged (see Chapter 3 for cages) on oranges for 5 days.

The oranges were then picked off the tree, and after being freed of wasps,

they were placed in an insectary room at 25+1oC and 607" R.H. for another 5

days. After that, each of the scale insects was turned over and determined

to be alive or dead under a x25 magnification microscope.

Experinent 4: With lst instar scâles

Results

Numbers of live scales and numbers and percentage rate of dead lst
instar red scales in each of the three treatments are given in Table 5.1

(I2). Also given are the expected numbers, live and dead, of scales in
treatments 2 and 3 on the null hypothesis of no difference between means of

Treatments 2 and 3. As shown in this table, the observed percentage dead

rates ranged from 8.80 of the control with scales only up to 65.56 of

t,reatment 3 in which wasps were provided with.honey as food. Obviously,

significantly higher percentage dead rates were caused by wasps ín

treatments 2 and 3 than was in the control. A chi-square test was

conducted to assess the above mentioned nu1l hypothesis between treatments

2 and 3. The chi-square value of 22.86 (d.f.=l, P<0.01) indicated that
h'asps caused a significantly higher mortality of scales when they had

access to honey as food.

Unfortunately, I did not record the numbers of wasps that died each

day, so it was not possible to assess the daily consunption of scales by

r.¡asps.
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Table 5.1 (12). Experinent 4. Observed numbers, alive and

dead, and percent rate (dead .only) of lsu instar red scales

in each treatment. Also given are the expected numbers of

alive and dead scales in Treatments 2 and 3 on the

assumption that there was no difference betwee treatments.

Treatment Observed numbers Expected numbers

Alive Dead Total Dead Alive Dead

1:Control:
*rep.1

rep.2
57
57

total lL4 11 L25 8.80

7"

60
6

3
I

2:hlasps f no honey:
rep.I 37
tep.2 l+7

rep.3 16
rep.4 34

2L
15
33
27

58
62
49
61

total L34 96 230 4L.7 t+ 110 L20

3:I'Iasps + honey:
rep.l 22 26
rep.Z 12 37
rep.3 10 23
rep.4 18 32

48
49
33
50

total 62 118 180 65.56 86 94

(1). *reP. = Feplication.

(2). to test the difference bett¡een Treatnents 2 and 3:

chi-square = 22.86 (d.f.=1, P<0.01)
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Experiment 5: With 3rd instar red scales

Results
In this experiment Lhe total dead numbers of scales was initially

again taken to be the sum of dead plus parasitized. The numbers of live
scales and the numbers and percentage rates of total dead scale insects are

given in Tabl-e 5.1 (13); also given are the expected live and total dead

numbers in t,reatments 2 and 3 on the null hypothesis of no differences

between treatments. The percentage total dead (dead + parasitized) of red

scales ranged frorn 44.97 it the control with scale only up to 91.272 in
treatment 3 in which wasps were provided with honey as food. The

percentage total dead in the control was sígnÍficantly lower than those in
Treatments 2 and 3. Subsequently, a chi-square test was used to assess the

dÍfference between treatments 2 and 3. The chi-square value of 16.65

(d.f.=1, P<0.01) indicated that wasps caused a significantly higher

percentage total dead on scales when they had been provided with honey as

food.

Further analyses were conducted to separately assess the differences

due to parasitization and due to host-feeding in treatments 2 and 3.

l!) Testins influence of adult food

on parasitization of red scales:
The nunbers of live scales and numbers and percent,age rate of

parasitized scales are re-arranged and given in Table 5.1 (14). Also given

are the expected nunbers, alive and parasitized, of scales in treatments 2

and 3 on the nulI hypothesis of no difference between treatments. Some of
the scales in this experiment had, of course, been parasitized before the

experiment started, and this natural rate of parasitization was assessed by

the rate of parasitism in the cont,rol treaÈment 1. None of the adult
parasites from the naturally parasitized scales emerged during the course

of the experiment. The parasitizaÈion of scales ranged from 16.96% in the

control with scale only up to 74.037" in treatmenË 3 in which vtasps were

provided with honey as food. The parasitization rates ín Treatments 2 and

3 were obviously higher than that of the |tnatural parasitization raterr in
the control.

A chi-square t,est was conducted to assess the difference between

Treatments 2 and 3. The chi-square value of. 9.22 (d.f.=l, P<0.01)

indicated that wasps caused a significantly hígher parasitization of scales

when they had access to honey.
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Table 5.1 (13). Experiment 5. observed numbers, alive and

total dead (T.D. ) (dead + parasitized) of 3rd instar red

scales in each treatnent. Also given are the expected

numbers in Treatments 2 and 3 on the assumption of no

difference between treatments.

TreatnenÈ Observed numbers Expected numbers
z

Alive T.D. Total Alive T.D.T.D.

1: Control:*rep.I 44
rep.2 49

total 93

37 81
39 88

76 L69 44.97

2: hlasps + no honey:
rep.l 15
rep.2 9
rep.3 L6
rep.4 13

37
67
39
39

52
76
55
52

total s3 L82 235 77.45 37 198

3: I{asps + honey:
rep.l 5
rep.2 5
rep.3 4
rep.4 6

67
52
46
44

72
54
50
50

total 20 209 229 9L.27 36 193

(1). *reP.=rePlication.
(2). To test the difference between Treatments 2 and 3:

chi-square = 16.65 (d.f.=1, P<0.01)
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Table 5.1 (14). Experiment 5. Observed numbers, alive and

parasitízed (Para.), and percent parasitization of 3rd

instar red scales in each treatment. Also given are the

expected numbers in Treatments 2 and 3 on the assumption of

no difference between treatments.

Treatment Observed numbers % Expected numbers
Para.

Allve Para. Total Alive Para

1:control, no wasps:
*rep.L 44 10
tep.2 49 9

s4
5B

total 93 19 1,r2 L6.96

2:wasps f no honey
rep.1 15
rep.2 9
rep.3 16
rep.4 13

13
26
7
T4

28
35
23
27

total- 53 60 113 s3.10 43 70

3:wasps * honey
rep.l 5
rep.2 5
rep.3 4
rep.4 6

2L
10
15
11

26
15
19
T7

total 20 57 77 74.03 30 47

(1). xreP. = replication.

(2). To test the difference between Treatments 2 and 3:

chi-square = 9.22 (d.f.=l, P<0.01)
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(iif Testinq influence of food for adult wasps on the
death rate of red scales due to

Again, nunbers of live scales and numbers and percentage rates of dead

scales in each treatment are re-arranged and given in Table 5.1 (15). Also

given are the expected nunbers, alive and dead, of scales in treaLnents 2

and 3 on the nul1 hypothesis of no difference between treatments.
The percentage death raLes of red scale in treatments 2 and 3 were

obviously greater than that of the control (Treatment 1); and a chi-square

value of. 36.57 (P<0.01) indicaÈed'that the percentage death rate of scales

ín Treatnent 3 was significantly higher than that in Treatment 2.

The corrected percent dead of red scales due to waspst host-feedíng

only was then calculated (see Part 1) as:

(1) in Treatment 2, (wasps had no access to honey):

( 69. 7 1-38. 00) x100/ ( 100-38. 00 )=51 .r5(7")
(2) in Treatment 3, (wasps had access to honey):

(88. 37-38. 00)xl00/ ( 100-38. 00)=81 .24(%)

Obviously, the percentage death rates of scales due to waspst

host-feeding in treatments 2 and 3 were significantly different from each

other.
Again, since I did not record the number of wasps which died each day,

it was not, possible Èo further assess the mean consumption of scales by

lraspst host-feeding.

5.I.2. Discussion

The nain conclusions from these experiments are that host-feeding of
female wasps of Å. melinus on red scales did not allow the wasps to live as

long as those wasps which had access to honey as food; as a result,
host-feeding had no (or very little) function in increasing the total eggs

laid by rrasps. So I suggest that lntensíve study is still needed on the

biology of female wasps of A. nelínus under conditions without a honey

supply. From this kind of study, results could possibly be closer to the

natural influence of wasps on a population regulation of red scale in
orchards.
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Table 5.1 (15). Experiment 5. observed numbers, alive and

dead, and percent dead of 3rd instar red scale in each

treatment. Also given are the expected numbers in
Treatments 2 and 3 on the assunption of no difference

between treatments.

Treatment Observed numbers d
/o

Dead
Expercted numbers

Alive Dead Total Alive Dead

1:contol, no wasps:
*rep.L 44
rep.2 49

27
30

7L
79

total 93 57 1s0 38.00

2:wasps + no honey
rep.l 15
rep.2 9
rep.3 L6
rep.4 13

24
4L
32
25

39
50
38
38

total s3 L22 L75 69.71 58 LL7

3:wasps + honey
rep.l 5
rep.2 5
rep.3 4
rep.4 6

46
42
31
33

51
47
35
39

total 20 L52 L72 88.37 57 115

(1). xreP. = rePlication.
(2). To test the difference between Treatments 2 and 3:

chi-square = 36.57 (d.f.=1, P<0r01)
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5.2. Iongevity of Fenale Adults of .&- nelinus
Extensive tests have been carried out in California and in S.

Australia to determine the longevity of Aphytis adults at various constant

tenperatures. Most of the tests were run under 50% R.H. and in the absence

of host,s, with honey provided as food for the parasitoids (Abdelrahman

1974a, Rosen and DeBach 1979). The observed longevíty of Â. nelinus adults

in relation to temperature is given in Table 5.2 (1). Based on these

values Abdelrahman explained the biological control of red scale by

-ApbI!þ. 0n the other hand, people have also noted that the longevity of
Aphvtis is not always as long as expected (Flanders 1951; Rosen and DeBach

L979) and it seems Èhat in most of the studies of the biology of Aphvtís,

honey ís always provided to keep the Aphvtis adults alive. However, in the

field, without a supply of honey, $rasps of Aphvtis may not survive

sufficiently long to do what has been expected of them in experinents.

Although the longevity of wasps supplied with honey may be regarded as

some sort of potential longevity for this species, I do not believe that
these figures can be used in a prediction of the searching efficiency of
Aphvtis under natural conditions.

In consequence, I believed that an intensive study on the longevity of

A. melinus wasps under unfavourable conditions of food supply was sti11
needed and my experiments were designed accordingly.

The experiments comprised both laboratory and field experiments. They

were carried out with onl-y fenale wasps of A. melinus and they were aímed

to sinulate condi-tions in winter and summer, at both of which times there

may be a negligible supply of carbohydrate in the field for the adult
wasps.

5.2.1. Part 1. Iaboratory experiments: Iongevity of A. melinus

wasps on different foods at constant tenperatures

ExperÍment 1: At 10oC

10"C occurs quite frequently in the winter ín Adelaide, South

Australia. In winter no flowers are present in orchards to produce nectar

for wasps to eat and the honeydew on citrus trees is Iikely to be washed

away by the winter rain. Under these conditions can wasps stay alive long

enough to cause a high parasitization on the population of red scale? To

answer this question in an indirect way, the fol-lowing experinents were

designed.
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Table 5.2 (1). Mean longevity (days) of Aphvtis melinu-s

wasps at constant temperatures and 50-602 R.H. (after Rao

and DeBach 1969; Abdel-rahnan 1974a).

Temperature
("c)

Mean longevÍty (days)

Rao and DeBach Abdelrahnan

4.4
10.0

15.6

20.o

2l.L
25,Q

26.7

30.0

3

B4

104

53

20

54.1 (31-85)

29.8 (13-61)

18.0 (9-27)
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Methods 48 one-day-old female lrasps were sucked into collection
tubes (see Chapter 3), 1 wasp per tube, and were placed in an incubator at

10+0.5oC and an artificial photoperiod of L:D=14:10 hours. The tubes were

placed in a container with saturated solution of Nacl to maintain a

constant humidiuy of about 752 R.H. (l'Iinston and Bates 1960).

Results Survival time in days, the accunulated nunbers of dead and

percentage death rates are given in Appendix Table 5.2 (1). The percentage

death rates of wasps are plotted against survival tine (days) in Fig.5.2

(1). The nean longevity of wasps was established as 7.7+0.3 days which was

significantly shorter than that of 84 days [Table 5.2 (1)] for wasps fed on

honey. However, the accumulated percentage death raLes (Y) plotted against

survival time in days (X) gave a sigmoid curve which is well described by

the function below:

Y = 103.882 / I 1 + exp(5.500 - 0.739 x)l

Experinent 2z At 30"C

30"C can be the maximum temperature in late sumner in an orchard in
South Australia. At that tine, flowers are rarely present Ín any orchard

Èo offer the nectar to wasps of A. melinus as food and if the citrus trees

in this orchard are very ttcleantt, with no other rrhoney-dewrr insects

producing food for the wasps, what will happen to the survlval of

A. melinus? Alming at this question, the following experiment was

conducted.

Methods The trTreatmentstr were Ëhe different foods provided to the

wasps, as follows:

Treatnent 1: Control, in which wasps were not provided with any

food.

Treatment, 2: In each collection tube, only water was provided to the

wasp through the wlck from a rrwater-tuberr [Fig. 5.2 (2)1.

Treatment 3: Honey, streaked on the wall of each collection tube, was

provided to the wasps as food.
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Figure 5.2 (1)- Experiment L. The rerationship becween the
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gauze

collectior¡ tube

wick

watef tube

stopper

Figure 5.2 (2). Collection tube for wasps of

A. Felinus with a water supply tube.

t
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37, one-day-old fernale wasps of Â. melinus were used for each of the

three treatnents; they were sucked up into the collectlon tubes, one wasp

each Lube. The tubes with wasps vrere maintained in an insectary room at a

constant tenperature of 30+1oC and an artificial photoperiod of L:D=14:10

hours to simulate a natural condition in an orchard; no humidity control.

During the experimental period, the humidity was about 402 R.H.

Results The survival tÍme (days) and accumulated number of dead

wasps in each treatment, are given in Appendix Table 5.2 (2).

The accumulated percentage death rates of wasps ln treatment 3 are

also given in this table and are plotted against survival tine (days) in
Fig.5.2 (3). The relatÍon between percentage death rate (Y) and survival

tine (X) is a sigmoidal curve but, for convenience, the data between 5% and

95fr (fron day 7 up to 19) were easily described by Ëhe linear regression

equation as:

Y = -48.L4 + 7.69 X (r=O.994, d.f .=7 ' P<0.01)

Agaín the mean longeviÈy of wasps in Treatments I and 2 was about 1

day while in Treatment 3 (honey-fed) the mean longevity was about 13 days.

However, the mean longevity in Treatment 3 was 13.þ0.6 days (range: 3-22

days) which was shorter than the mean of 18.0+0.5 (rangez 9-27) ð,ays

obtained by Abdel-rahman (L974a) where wasps were fed on boLh honey and 3rd

instar host red scales [Table 5.2 (1)]. Thís difference might be due to

(i) differences of humidity (about 402 R.H. for the forner and about 70%

for the latter), and (ii) differences of food (absence of scales in the

former but scales provided in the latter).

ExperÍment 3: Longevity of rasps at different
constant temperature and constant 752 R.H.

Based on the results of the above two experlments, this experiment was

designed to test the longevity of wasps of A. nelinus at constant

ter¡peratures, which were considered as the optimum ones' with 752 R.H.

respectively.

Methods There were 2 treatments at each of 6 tenperatures (15.0,

L7.5,20.0, 22.51 25.0 & 27.5"C): Treatment 1, honey provided; Treatment 2,

no honey or water. For each treatment, 30 one-day-old female wasps were
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Figure 5.2 (3). Experiment 2. From Day 7 up to Day 19,
the relaEionshJ-p between the accunulated Z dead raÈes (Y)
of wasps of A. melinus and the survival duration days (X)
in Treatment 3 in which wasps vrere provided with honey as
food aL 30"C, an artificial photoperiod of L:È14:10 hrs
and a humidity of about 402 R.H.

Y = (-48.14) + 7.69X. (r=0.994, d.f.=7, P<O.O1)
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individually sucked up in collection tubes (see Chapter 3), one wasp each

tube; tubes were kept in the frhumidity boxestr (see section 3.3) using a

saturated solution of NaCl to maintain a constant 75% R.H. t humidity-box

was placed in each incubator with the photoperiod set to L:D=14:10 hours.

Results In Treatment 2, the accumulated numbers of dead vrasps are

given in Table 5.2 (2). The LD50 was as short as I-2 days at temperatures

between 17.5 and 27.5"C7 but it was 5.9+0.4 (S.E.) days at 15oC. By

contrast, at the time that the death of wasps in treatnent 2 was assessed,

the percentage death in treatnent 1 was less than 57" at all temperatures.

The accumulated percentage death rates at 15oC [calculated from Table

5.2 (2)] are given in Appendíx Table 5.2 (3) and are plotted in Fig.5.2
(4). In this figure, the relationship between the percentage rates and the

survival duratíon days at 15"C was descrj-bed by the linear regression

equation as:

Y = -26.54 + Il+.17 X (r=0.99L, d.f.=5, P<0.01)

where, Y: Z death rates; X: duration of days

and this equat,ion was significant.

5.2.2. Part 2. Field experiments: Test of longevity of
fenale adults of Â. nelinus on oranges on the tree

This experiment was conducted on female wasps in the lJaite Institute
orchard in the late autumn, LL/5/85 - 9/6/85. It involved the use of a

microscope in the field to select the experinental red scales from the

natural population on oranges on the tree and to observe daily the death of
the wasps (see Section 3.3 for details of use..of the
rrshoulderable-microscopett 

) .

Methods The Treatments were differences of food for female wasps

of A. nelinus caged (see Section 3.3) on oranges on the tree in thc

orchard. For each treatment, a total of 4 oranges lras used. They were

established as follows.
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Table 5.2 (2). Experiment 3.

female r.¡asps of Aphytis melinus

tenperatures, with 752 R.H. and

L:D=14:10 hours, in Ëreatnent 2

r¡ith food.

Accumulated dead numbers of
at different constant

an artificial photoperlod of
in which h¡asps not provided

Duration
(day)

Dead nunber of wasps at temperature ("C):

15.0 L7.5 20.0 22.5 25.O 27.5

0

1

2

5

7

L2

18*

23

26

30

0

11

18*

28

30

0

9

2L*

30

0

23x

29

30

0

13

30*

0

2rrÉ

30

0

1

2

3

4

5

6

7

I
9

1: rrlsrr, observed LD5Ots time of wasps.

2: At the tine of the LDsOrs of wasps, none of the percetage

death rate of wasps j-n the control treatment was higher than

sz.
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Figure 5.2 (4). The relationship between the accumu-
lated percentage dead rates (Y) of wasps of
A. nelinus and the survival duration in days (X).
The linear regression equation below is of the rela-
tionship between the percentage dead rates between
6.7-86.7% and. the survival duration between day 2 and 8:

Y = -26.54 + L4.I7X (r=0.9905, d.f .=5, P<0.01)
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Treatnent 1: Control; 8 wasps of A. melinus were caged on each of the

4 oranges whose skÍn was clean wiLh neither red scales nor other food

source, i.g., honeydew or extract of oranges, for wasps; to test the effect
of different, foods on elongating the survival time of wasps in other

treatnents.
Treatment 2: 8 wasps lrere caged on each of the 4 oranges on which,

under a x25 magnification microscope, all the red scales on the

experinental area were removed. Fluid from the orange would be oozing out

from each of the broken mouthparts of the 3rd instar red scales. This

ext,ract of oranges was assumed to be used by wasps as food.

Treatment 3: 8 wasps were caged on each of the 4 oranges with 3rd

instar red scales. 3rd instar scales which were thought to be parasiEízed

were removed. The parasitized scales were-a little bit pale-yeIlow and the

edges of the covers were sometimes lifted away from the orange skín. The

broken nouthparts, very few, of the live 3rd instar scales were covered by

use of nelting paraffine wax to stop the oozing of fruit fluid. So l,/asps

in this treatnent ï¡ere assumed to feed only on the scales remaining.

Each of the experimental oranges was shaded from the sun by a white

plastic sheet (about 20 x 20 cm) so that the Èemperatures inside the cages

would not be affected by the sun buÈ would fluctuate with the anbient

tenperatures of the orchard (see Section 3.2).
The total of dead wasps in each cage was counted daily under a x25

magnification microscope. This procedure also showed whether the

experÍmental wasps had been joined by any newly emerged wasps from

parasitized red scales fron the natural population.

Results The accumulated numbers and percentages of dead wasps in
each of the treatments are given in Appendix Table 5.2 (4) and the

percentages are plotted against tine in Fig.5.2 (5) a' b and c for
treatments 1, 2 and,3 respectively.

Observatíon on treatment 3 was ended at Day 15 because the

experimental wasps had been joined by newly emerged wasps from the perior
parasitized red scales of the natural popualation.

The mean survival tine of wasps in the control was 7.2+0.8 days

(range: 3-15 days) and the relationship between the accunulated percentage
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Figure 5.2 (5). The relationshíp between the accumulated
percentage dead rates (Y) of wasps of A. melinus and the
survival duration days (X) on oranges on Ehe tree.
(a). In treatment 1, in which wasps were not provided with food.

Y = 104.504 / U + exp(l .626 - 0.262 X)l
(b). In treatnent 2, in which h¡asps fed on the juice oozj:ng from the

broken mout,hparts of scales (3rd instar) as food.
T = 108.247 / [1 + exp(4.I44 - 0.224 x)]

(c). In treatment 3, in which wasps survivèd due to the hostfeeding on
3rd instar scales. The observation was ended at Day 15 because
after that time the experimental wasps were joined with the newly
emerged wasps from the previously parasitized scales of the
natural population.

o2
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death rates (Y) and survival Eine in days (X) is described by the rtsrt curve

regression equation:
Y = 104.504 / [1 + exp(l .626 - 0.262 X)]

By comparison, the wasps in treatment 2, feeding on the juice oozing

fron t,he broken mouthparts of scales, survived nuch loriger than those in
control treatment 1. In treatment 2 the mean survival time of wasps vtas

18.1+1.2 days (range: 6-30 days), double that in treatnent 1. This

indicated that orange juice did have an effect on the survival of wasps.

Again, the relationship between the accumulated percentage dead rates (Y)

and tine (X) is described by the ttStt curve regression equation:

Y = 108.247 / [1 + exp(4.L44 - 0.224 X)l

Further, during the experimental period between LL/5/85 and,9/6/85,
the nean ambient tenperature u¡as 11.3"C. At this tenperature, the LD50 of
h¡asps is at least 84 days (at 10'C) if the wasps have been provided with
honey as food [Table 5.2 (1)]. This LD50 is 5 times the 18.1 days of
treatnent 2 in which wasps feeding on the juice of oranges and 12 times the

7.2 days of treatment I in which wasps lrere provided wíth no food.

Obviously, the survival ability of wasps under Èhe so-called rrquite natural
conditionrf is significantly shorter than that of so-called trthe survival
potentialrf where the wasps are supplied with honey.

Before day 15 the accumulated percentage death rates for treatments 2

and 3 were quite close to each other but were significantly snaller than

Treatment 1. At day 14, percentages were 90.63, 31.25 and 40.63 in
treatnents 1 (no food), 2 (orange exudate) and 3 (host feeding)
respectively.

All the observations indicated that orange juice hras at least as good as

body-juice of scales for the prolongaÈion of the survÍval of Aphvtis wasps

in late autumn. This suggested that the habits, host feeding and feeding

on orange exudaÈe from some sort of damage could be helpful to prolong

survival time during the late autumn and/or early winter.
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5.3. Influence of Duration of High Temperature

on Mortality of A, nelinus Pupa

Extremes of temperatures have been noted as one of the most inportant
natural causes of mortality of Aphvtis. DeBach, Fisher and Landi (1955)

reported that high temperatures (32.2"C) greatly lowered the life
expectancy of atlults and the survival of inmature stages of
A. lingnanensís. Later, sone intensive work r.¡as conducted by Abdelrahnan

(1974a) on the influence of extremes of temperatures on mortalities of
different stages of A. nelinus in the hraite Institute, S. AusÈralia. He

established the LD50ts temperatures and linear regression equations of the

relationships between mortalities of A. melinus and extreme temperatures

under laboratory conditi-ons. But still, however, little was known on the

influence of duration of extreme tenperature on the mortality of
A. nelinus. This kind of infornation is inportant to an understanding of
population regulation of this parasitoid which may be exposed to a period

of several hours high temperature on a hot day in summer.

This experinent was conducted on pupae of A. nelinus on1y. There were

problems to prevent the study of other stages, namely, (1) it was difficult
to distinguish the remalns of eggs after death, since a dead egg could have

had dried to become a very thin membrane somewhere under a scale cover and

(2) ft was of little significance to measure the survival of adults since

their survival was nainly a function of supply of a carbohydrate food (see

Sections 5.2 and 5.4). However, my experiment was conducted to (a) assess

the influence of the duration of an extreme temperature in a simulated

summer day on the null hypothesis that the death rate of A. melinus pupae

woul-d not vary and (b) to test the Abdelrahmanr s (L974a) linear regression

equation for the prediction of the nortality of pupae responding to extreme

tenperatures.

5.3.1. llettrods and materials
The 6 treatments were different duratÍons at 45oC within one day (24

hours), namely, 0, I, 2, 4, 6 and 8 hour(s). And for the above nentLoned
ttpurpose (b)tt, the zero hour duration of exËreme temperature was set up.

The temperature of 45oC, about 4"C lower than the temperature of 48.5oC of
the LD50 for A. nelinus pupae (Abdelrahnan, I974a), rdas very close to
44.3"C, the highest value ever recorded at the lrlaite Institute (Biennial
Report, 1982-83, Irraite .{gri. Res. Inst.).
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() fiost red scales

HosÈ red scales were started on waxed lemons (see Sectlon 3.1).
Crawlers were transferred by the ttbrush methodrr (see Section 3.1). The

host lemons ïrere then maintained at 27"C and 60% R.H. ti11 scale insects
had reached the 3rd instar (see Chapter 3).

l!) Adult wasps of Å. melinus

Adults were obtained from the mass cult,ure at 25oC and 602 R.H. Three

days before the start of the experiment, all adult wasps were brushed off
the pumpkins. The pumpkíns were then enclosed in the plastic
emergence-containers. Each container was 20 cm tal1 and 20 cn in diameter;

honey was streaked onto the wall as food for the newly emerged wasps. One

day before the oviposition treatment, wasps were carefully sucked up Ínto
collection-tubes (Section 3.2) for nating; honey was again provided on the

wall of each tube.

13) h-position of Â. melinus adult wasps

Lenons wlth 3rd insËar red scales r,rere put with the wasps in
gauze-cages, 40 x 40 x 18cm. The wasps were allowed to lay eggs on the

scale for 2 hours at 25"C and 602 R.H. The wasps were then blown off the

lemons Ín a stream of air. Fina1ly, the lemons were kept at 25oC and, 60Z

R.H. for 10 days till the pupae of A. melinus had reached the stage of CEP

(see Section 5.5 ), pupa with claret color eyes. By turning over some

covers of rrspare scalestr, this stage of pupae was confirmed. Then the
lenons bearing pupae of Â. melinus on scales were placed into incubators

for the different treatments.

(4) Methods

Six incubators were programned exactly the same as Ín Section 4.3 with
a 24-hours fluctuating cycle of temperatures. The base temperature of this
fluctuation was 25"C. Fron this value, the temperature was raised slowly
(fn 4 hours) to 45"C. Six different durations at 45"C were set, one for
each of the 6 incubators. After the treatnents, again in 4 hours, the

tenperature was lowered to 25oC again. Removed fron the incubators, the

treated pupae were then kept at 25oC and 60% R.H. in an insectary roon for
another 6 days so that pupae k1lled by the treatment were obvious. 0n the

7th day, the dead were counted by turning each of the scale covers over.
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5.3.2. Results and discussion
The initial numbers and percentage death rates for each stage of A.

nelinus pupae are glven in Table 5.3 (1). Also given in this tabl-e is the

expected total percentage death rate, calculated from Abdelrahnants (1974a)

lÍnear regression equation. This equation was: Y=(-108.34)+67.25X, where X

is the 1og of the temperature and Y is the probit value. The toÈal
percentage dead varied from 7.32% at zero hour duration up to 48.84% at 8

hours, about a 7-fold difference. The expected dead value of L.5Z was not

much different fron the observed lowest value of. 7.32% responding to the

zero duration of 45oC but was signiflcantly smaller than those responding

to durations longer than t hour. This comparíson led to the conclusion

that Abdelrahmanfs equati-on could be used for a estination of % dead rate
on A. melinus pupae responding to a extreme temperature with a zeto

duration only. Secondly, agaÍn from Table 5.3 (1), I believe that during a

hot summer period, the number of dead A. melinus pupae could mainly depend

on the duration of extreme temperatures and not on the extreme only. A

linear regression was calculated to test the nu1l hypothesís that the total
percentage death rate (Y) of Ä. melinus pupae ïras not the functlon of the

duration of hours of extreme temperature of 45"C. This calculation gave

Y=L2.L6+4.37X (r=0.9622, d.f.=4, P(0.01) and was significant. This

indicated that the total percentage death rate of A. melinus pupae is a

function of the duration of extremely high temperature. The positive slope

of this equatl-on states that the longer the duration, the higher th" tot.l
death rate.

Furthermore, 1t was noted that the influence of the durations of the

extreme tenperature on the dead of A. melinus pupae was detected in
dlfferent stages of the pupal life cycle. As shorm in Section 5.5, the
development of pupae follows a series of stageg, namely, NEP, AEP, CEP,

REP, BEP and GEP. Exanination of Tab1e 5.3 (1) showed that the death of
pupae could be put into three categories, namely, responding to duratlons
of (1) 0 to t hour, (2) 2 to 4 hours and (3) 6 to 8 hours. In Type (1),
nost of the pupae died in stages REP and GEP but safely developed through

the CEP and BEP stages. In Type (2) nost death occurred in stages REP, BEP

and GEP, but stil1 none in the young CEP stage. Finally, responding to the

duration of 6-8 hours in Type (3), the highest death rate occurred in the

treated young CEP sËage; among the other stages, the death rates r¡ere not

significantly different from each other.
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Table 5.3 (1). Percentage dead wlthin each stage of

A. melinus pupae due to the treaÈment duration (hours) of

extreme ternperature of +45oC

Duration Initial
(hours) total no.
(X) of pupae

% dead rates in stage:

CEP RED BEP GEP

Total
% d,ead
(Y)

0

1

2

4

6

I

4L

34

32

40

31

43

2.94

12.90

27.9L

2.44

s.88
6.25

2.50

9.68

9.30

0

0

3. 13

10.00

6.45

6.98

4.88

tt.76
15.63

15.00

6.45

4.65

7.32

20.58

25.OL

27.50

3s.48

48.84

expected* 1.5

(1). *: obtained from Abdelrahnanrs (L974a) linear
regression equatÍon:

f = -108.34 + 67.25 x

where, x: 1og value of temperature (tC);
y: probit value (of dead of PaPae)-

(2). linear regression equation of total % d,ead (Y) of pupae

on Ereatmental duration of hours (X):

Y = 12.16 + 4.37 X. (r=O.9622i d.f .=4, P<0.01)
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Conbining my results and Abdelrahnanrs (1974a), I belleve that
intensive laboratory studies of the lnfluence of duration of high summer

Ëemperatures, i.e., 35-40oC, was stil1 needed on the null hypothesÍs of no

dead of A. mel-inus insects would be caused due to the variation of duration
of extreme temperatures.

5.4. Searchilg Efficíency of Female !ùasps of .¡f. nellnus
in Cages at 2s+1"C and 602 R.E.

5.4.1. Review and design of the preaent experiment

5.4.1.1. Introductlon
Several biological concepts have been used to describe the

relationship between an insect and its naturaL enemies. Solonon (1949) was

the first to propose the concepts of the rrfunctional responserr and
rrnumerical influencerr. The latter is now commonly used as the rrnumerical

responsett. These two concepts, which described the density-dependent

influence of natural enemies proposed that to be density-dependent, a

natural enemy (predator) nust take a greater proportlon of the population
as the host density increases. In other words, to be density-dependent, a
predator nust respond to changes in the numbers of the host (Nicholoson

1933; Varley L947). The nature of this response was proposed to be

twofold. First, a functional response to (say) an increase in the host

density, because of the increased availability of prel, so that as host

density rises, a predator rrill attack a gJ-ven number of prey more rapidly.
Secondly, a frequent, but not invariable result of the first response is an

increase Ín the numbers of the predator (a numerical influence), due to an,

increased rate of survival or of reproduction, or both; thÍs nay or may not

be sufficient to produce an increase in the ratio of predator to prey. The

numerical relati.onshtp is mosË inportant when-the predator develops rapidly
and passes through several generations to each generation of the host, as

do many parasitic insects (Flanders 1947).

Since Solomon (1949), the concepts of rrfunctional responsetr and
frnumerical influence (response)tt have been discussed at length by nany

workers as they have tried to measure the two processes described by the

concepts. Originally the funcÈional response was not thought of as the

response of ONE predator, but such a restriction became fashionable after
Hollingrs (1959) famous sand-paper disk experinent. Thus Murdoch (1973)

explains: The functional response (Solomon 1949) is defined by a function,
N=f(D), that relates the number of prey eaten per predator per unlt tine
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(N) to the density of the prey (D). It describes how the attack rate of an

individual predaLor varies wíth prey density. So, too, Hassell (1978)

says: Solomon defined a functional response as a change in the numbers of
prey attacked in a fixed period of tine by a single predator when Èhe

initial prey density is changed. And Hughes et al (1984) further explain:
Solomon (L949) and others since have divided the predator-prey relationship
into two component,s, (1) the functional response, which is defined as the

change in atEack rate per predator with variation 1n prey density, and (2)

the numerícal response, which is the change in predator numbers with
variatlons in prey density. Several workers have noted that this division
fails to comfortably accommodate certain phenomena slnce shown to be

important--especially the relative distributions of predator and prey and

the infl-uence of environmental factors. Finally, Huffaker et aI (1968)

point out that the modelling of the interaction of parasite-host or

predator-prey is most simpfy achieved by using data which describe the

response of only one predator or parasitoid in each experimental unit to
attack hosts (or prey) at a number of fixed densities.

5.4.L.2. Ithat l-s rrsearching efficiencyrr ?

The concept of rrfunctional responsett arose from attempts to quantify
the searchlng efficiency. Nicholoson and Bailey (1935) represented the
ttarea of discoveryrr of natural enemies to the study of trsearchlng

efficiencyrr. They believe that a parasitoid has an rrareal rangett and an
ttarea of discovêrytt, both of r+hich are supposed to be constant. An ttarea

of discoverytt is calculated by the following formula:

No.of prey attacked during the survival time of predator

No. of prey in the rrareal rangerr of this predator

However, in experiments with parasitoids, an areal-range can hardl-y be

established so trnumbers of prey (or host) exposed to the predator (or
parasitoid)tt is always be used insËead for the botton line of the formula.
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0n the other hand, Hassell and Varley (1969) suggested that the area

of discovery is:

"=Q/pnoFr 1na=1nQ-nxInp
where a = area of discovery

P = density of predator

Q = quest constant
E = mutual interference constant

Luck, Allen and Baasch (1980) give values of ttln Qtt and trmtr of
A. melÍnus for use in Hassell & Varleyrs equation and are copied in Table

5.4.(1). The table also shows values of trafr calculated for l value of ttptt

at different temperatures. However, Luck et al believe the values of ttmtt

depend on the experimental temperatures. The values of ttntr ranged between

0.297 at 32"C and 0.835 at 27"C; ttln 
Qtt ranged between -1.35 ax 27"C and

-2.46 at 2L"C3 and the calculated rtarr values were between 0.085 at 21oC and

0.259 at 27"C. In Luckrs (íbid) data, the biggest value of rrln Qr, -1.35,
occurred aE 27"C; by comparison, sinilar values, -2.46 and. -2.42, occurred

at 2L and 32oC. It seems to indicate that 27"C was the optimum tenperature

for wasps to search for hosts.
However, later, Hassell (1982) established a concept as: The tern

rrsearching efficiencytr has been used by both applied and theoretical
ecologists in roughly the same sense --- a more efficient predator attacks

a larger proportion of the prey over a given period of time than does a

less efficient one. A unÍversal, rigorous definition, however, of use both

in population nodels and in assesslng the perfornance of natural population

in the field, is stil1 lacking. He (ibid) belíeves that a sËep towards a

rigorous definitlon of trsearchlng efficlencyrr had been given by the

simplest of equations for the functional response to prey density by

Holling (1959). Hollingts so-called 'rdisc equatíon" is as follows:

N(e)/P=arxT(s)xN
where,

[f=
D-
l-

N(e) =
T(s) =

al=

the number of prey.

nunber of predators.
the number of prey encountered by P (predators).

the tine spent for searching by the predators.

the instantaneous measure of searching efflcíency.
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Table 5.4 (1). ObtaÍned at three constant temperatures'

nanely, 2L, 27 and 32"C, data of Ln value for the quest

constant (ln Q), mutual interference constant (m) and area

of discovery (a) (after Luck et, at. 1980); also the

calculated data of rrarr when ttPtt is of 1 per experimental

unit for adult h'asps of A. l@gl.

2t
At temperature ("C) of:

27 32

lnQ -2.46
0.37

0.085

-1 .35

0.835

o.259

-2.42
o.297

0.089

m

a*

*: Calculated value by use of Luckrs equaËion.
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The ínstantaneous searching efficiency, ãt, is then calculaËed by the

formula:

a'=N(e) / [NxPxT(s)]

5.4.1.3. Ilesign of the present experiment

The following experiments were conducted with the purpose of
quantifying the perfornances of searching r¡rasps of A. melinus in an arena

which was as close as possible to nature. The exþeriments were sinilar Ëo

classical rtfunctional responsett ones; but differed from the classical ones

in the range of densities of hosÈs and the total numbers of hosts. The

rationale was that in a population the host, under natural conditions, the

frequency of each density was unlikely to be the same.

5.4.2. Methods and naterials
5.4.2.L. Tieatments

In the following experiments, treatments consisted of various
conbinations of: differences in food supply to the searching wasps;

different sizes and shapes of cage; different densities of scale but a
constant total number of scale. DensÍties of red scale per lemon were

established as 2, 4, I and 16 in order and numbers of lemons for densities
h¡ere established as 8, 4, 2 and 1 respectively [Tab.5.4 (2)].

A total of three replications for each experiment was kept at 25+1oC,

602 R.lI. and an artificial photoperiod of L:D=14:10 hours for 5 days. Thts

photoperiod was used to sinulate the rrlong daytt in sunmer. After each

treatment the scale insects were kept for another 5 days under the same

conditions before the neasurement of death and parasitism. Since I had had

only one big- (or nedium-) cage, so for sone experiments, in which this
cage was used, rr3 replicationsrf meaned each of these experinents was

repeated at 3 different times. Consequently, the variance anong the

so-called rr3 replicationsrr in each experiment was test by use of 2-vay

ANOVA nethod [see Tab.5.4 (8)].

5.4.2.2. Haterials
The experinental cages were of three different sizes and shapest

namely:

(1) Snal1 cages: Size 0.4m x 0.4n x 0.18n hlgh. The frane was wood,

the sides were very fine gauze glued to the wooden frames and the botton
was plywood. The top was a piece of transparent perspex sheet whlch was
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Table 5.1+ (2). Denslties of red scales and required numbers

of host lemons for each density in each replications (cages)

of each experíment.

Densities:
no. of red scale
per host lenon

Lemons for
each densitles:

Total nunbers of
red scale wlthin
each denslty

2

4

I
16

8

4

2

1

16

16

16

16

Total Ín each
replJ-cation 15 64
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screwed to the top frane aft,er the lemons with red scales and Ehe wasp (or

wasps) had been placed in the cage.

(2) Big cages: Size 1.5n x 1.5n x 2.0m high [Fi9.5.4 (1)]. It was

nade of very fine galJze enclosing a wooden top-frame. The botton part rr¡as

held down with a plastic frame, 1.5m x 1.5m x 0.2m high.
(3) Medium cages: These cages was modified from the above mentioned

ttbig-cagestt by reducing the height from 2.0m to 0.2m. The other dinensions

were unchanged.

Experimental cohorts of red scales r{ere started on lemons by the brush

method (see Section 3.1). hlhen the scales had reached the 3rd insÈar, the

lenons were cleaned gentl-y with a very fine brush and the required number

of red scale on each lemon was obtained by renoving the surplus scales

under a x10 microscope.

In sna11 and g¡!!g cages, 15 of the lemons were placed in three rows

on the bottom. Lenons were not allowed to touch each other. In the mediun

cages, the interval between rows r{as 33cm, 25cm between lemons within each

row.

In each of the big cages, 15 lenons were placed ín a universe of three

dimensiòns. The lemons ri'ere randomly positioned on 15 holders fixed to 5

sticks, 3 to a sLick at 3 heights, namely, 0.60m, 0.95n, and 1.30n. Each

stick was planted in a poÈ and the pots were placed in a circle, 0.65n in
díameter, in the center of the cage [Fig.5.4 (1)].

One-day-old wasps (see Chapter 3) were released from a collection tube

placed at the centre of the floor the cage.

5.4.3. Bxperiments

Eight experiments were conducted to measure (i) searching efficiency
and (ii) the influence of differences of food supply on searching

efficiency. The experíments were as follows:

þ) Usine the rrsall cagett

Experinent 1: One female r{'asp per cage, glven no food except the host

red scal-es.

Experiment 2: One female wasp per cage, given honey on the Lop

surface of the cage.

Experi.nent 3: Five males and five females per cage' given honey as

above.
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Figure 5.4 (1). Big cage, 1.5 x 1.5 x 2.0m high.



!
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(Ð llsins the nbig cagestt

Experinent 4: One fenale wasp per cage, given no food.

Experinent 5: One female wasp per cage, gl-ven honey on a netal sheet

(6 x 2.5cm) hung in the middle of the cage.

Experinent 6: Five nales and five females per cage' given honey on a
metal sheet as above.

l.L Using the nnedlum cagestr

Experiment 7: One female \ùasp per cage, given no food.

fgl Usins the nbis cases'
ExperinenË 8: One fenale wasp per cage, given one small, flowering

orange tree at the centre of the cage to supply flower nectar.

5.4.4. Results and discussion
5.4.4.L. General results

The details of death and parasitism in each of uhe 8 experinents are

given in Appendix Tables 5.4 (1) to 5.4 (8). Obtained from these tables

the percentage dead due to host-feeding of A. melinus, the parasitisn and

the total dead (sun of the dead and the parasitized) of scale insects in
each experiment are gÍ-ven in Table 5.4 (3).

As shown Ín this table, in experiments with one female wasp of A.

melinus, the total dead of scale insects varied between 5.2L2 in Experinent

7 a¡d 22.397" in Experinent 2; in experiments 3 and 6, each with 5 pairs of
h¡asps (5 males + 5 females), they were 48.44% and 27.082 respectively. The

results of the different experiments can be compared in many ways. The

detailed analyses were conducÈed as follows.

5.4.4.2. One fenale wasp

(i) No fod. The results of Experiments 1, 4 and 7 are used to test
the null hypotheses that there was no difference, due to cage size, on dead

(and/or parasitized) scales given one fenale wasp without food.
Data were obtained from Appendix Tables 5.4 (1), 5.4 (4) and 5.4 (7)

and are given in Table 5.4 (4). The chi-square value of 8.1534 (d.f.- 2,

P<0.05) rejects the nul1 hypothesis. The highest total dead numbers were

in the snall cages (Experinent 1). However' as shown in Table 5.4 (4) ' it
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Table 5.4 (3). Percentage rates, namely, dead due to host-feeding of
parasitoid wasp and parasitized (para.), of 3rd instar red scale.

Size
of cage

food for
wasps in
experiment:

No.of wasps Total no.
per cage of scales

% raEe of scales

in 3 cages para.
(P. )

total dead
(=P.+ D. )

dead
(D. )

Srna11 1: none

2: honey

3: honey

1.04

13.54

34.38

11.98

8.85

Lt+.06

13.o2

22.39

49.44

1

1

192

L92

1925 (pairs)

Big (h=2m) 4: none

5: honey

6: honey

1

1

5 (pairs)

2.08

10.94

19.79

5.r2
13.o2

7.29

7.20

23.96

27.08

L92

L92

192

Mediun
(h=0.2n)

7: none I r92 0 5.2L 5.2L

Bíg (h=2n) 8: F.O.T.* 1 r92 r3.O2 L7.t9 30.21

ls F.O.T.: one sma1l flowering orange tree ln each of the three cages.
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Table 5.4 (4). Numbers, live, dead (due to host-feedtng)
and parasitized, of red scales in Experiments I, 4 and 7i

also given are the chi-square values on tests of differences

on the dead and the parasitisn of red scales.

Experiment Numbers of red scales

Alive Dead Parasitized Total

1

4

7

168

178

L82

23

10

10

2

4

0

192

192

192

chi-square val-ues:

(1). for test the Èotal dead (dead due to host feeding +

parasitized) : =8. 1534 (d. f .=2,P(0.05)
(2). for test the dead due to host-feeding: =8.7109 (d.f.=2,
P<0.0s)

(3). for test the parasÍtismz =4.0444 (d.f.=2, P>0.05)
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was obvious that wlthin the total dead, there vlas no sígnificant difference
among the numbers of parasitized scales (Chi-square =4.0444, d.f.=2,
P>0.05). In other words, in the absence of food (i.e. honey) for wasps,

the nunber of parasitized scales was not a function of cage size.
Consequentl-y, a chl-square was calculated to test the null hypothesis that
there was no difference between numbers of scale kíl1ed by host feeding.

the chi-square value of 8.7109 suggests that the number of dead scales is a

function of cage-size. Stgnificantly nore scales were killed by host

feeding in the smal1 cages (Experinent 1).

(ii) t{ith fod. The results of Experimenus 2, 5 and 8 were used to

test the null hypothesis thaË there vras no difference, due to cage size, on

dead (and/or parasitized) scales given one female wasp with food (honey or

nectar). The relevant data were obtained from Appendix Tables 5.4 (2)r 5.4

(5) and 5.4 (8) and are given in Table 5.4 (5). Obviously there was no

sÍgnificant difference between the numbers of parasitized scale, suggesting

that parasitism was not a function of cage size. So chi-square was only

calculaËed to test the numbers killed by host-feeding. The chi-square

value of 6.0246 (d.f.=2, P<0.05) lndicates that significantly more scale

were killed in big cages (Experinents 5 & 8) than in smal1 (Experinent 1).

(iii) Searching efficiencv. Obtained from Appendix Tables 5.4 (4),
5.4 (5) and 5.4 (8) the numbers of dead and parasitized scales due to the

total of 3 female parasites in each experiment are re-arranged and given in
Table 5.4 (6). In the following analysfs the searching tine of parasÍtes

with no food in Experiment 4 was assumed to be as 1-ong as their survival
tine of 2 days at 25"C (see Section 5.2). By contrast, searching tine was

5 days for parasites in Experiments 5 and 8 si-nce they were provided with
food (see Section 5.2). The daily consunptions of scales per female

parasite for host-feeding and parasitism are calculated and given, again,

in Table 5.4 (6). The daily consumption of scales by host-feeding ranged

between 1.7 (in Experlnents 4 and 5) and 2.2 (ín Experiment 8) scales per

parasite. The daily rate of parasitisn ranged between 0.7 (in Experiment

4) and 1.7 (in Experinent 8) scales per parasiEe. These observations seem

to lead to agreement with DeBachrs (1969) concept: Aphytis fenale h'asps

ki1l nore scale insects by feeding on them than by ovl-positlon. The toLal

consunption of scales per parasite per day ranged between 2.4 (ín
Experinent 4) and 3.9 (ln Experinent 8). These numbers are not
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Table 5.4 (5). Numbers, alive, dead (due to host-feeding)
and parasitlzed, of red scales in Experiments 2,5 and 8;
a1-so glven are the chi-square values on tests of the
difference on the dead red scales.

ExperimenÈ Nunbers of red scales

Alive Dead Parasitized Total

2

5

8

L49

L46

134

26

2L

25

L92

L92

L92

T7

25

33

chi-square =6.O246 (d.f .=2, P<0.05)
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Table 5.4 (6). Numbers, dead (D.) and parasitized (P.), of
red scales in ExperÍnent,s (Exp.) 4, 5 and 8. Also gíven are

the assumed searching days of parasites: 2 days for
Experiment 4 and 5 days for Experiments 5 and 8; the mean

consumptions (cons.) of scales per parasite per day due to
host-feeding (IIF.) and parasitism; the searchíng effÍciency
(ar) and area of discovery (a) of parasites. Abdelrahmants

(L974b) data at 25"C are followed in the last row.

Exp. No.of scales Searcing Cons.due to:
days a a

D. P. Total IIF. P. Total
I

l+

5

8

104 L4

25 2L 46

33 25 58

2 L.7 0.7 2.4

5 L.7 1.4 3.1

5 2.2 L.7 3.9

o.oL22

0.0160

0.0201

o.0244

0.0800

0.1005

n 50.6 r12.2 r.7 2.1 3.8
61 .6 29.8

r+: afËer Abdelrahnan (1974b), at 25oC, the numbers of red

scales killed by parasitesr host-feeding and ovipodition.
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significantly different from each other. By comparison with Abdelrahmanrs

data (L97t+b) [also Table 5.4 (6)] it is obvious that the numbers ki11ed by

host feeding or by parasitism were símilar in Experiment 5 and 8 but that
the parasitism figure of 0.7 scale per wasp per day in Experiment 4 in
which wasps had no access to honey was obviously snaller than Abdelrahnanrs

2.t.
As mentioned above parasites killed many more scale insects in the

presence of food than they did in its absence. However, it was still of
interest to assess the difference in searching efficiency of female

parasites with different food supplÍes. Consequently, from the data of
Experiments 4, 5 and 8, the null hypothesis, that the searching efficÍency
of fernale of A. nelinus was not a function of foods, I¡¡as tesËed. Searching

efficiency was calculated from the formula (see Section 5.4.2)z

a'=N(e)/[NxPxT(s)]

Since parasites lay eggs and feed on a certain number of scales daily
(Abdelrahnan L974b), the T(s) for this fornula was calculated using a time

of 2 days for ExperinenÈ 4 and 5 days for Experinents 5 and I (see Section

5.2). For each of the three experiments, ttN(e)tt was the total number (dead

due to host-feeding * parasitized) of dead scales in Table 5.4 (6); ttNtt was

I92 (orígÍnal scales); I'Pil was 3 (fernale parasites). The values of the

searching efflciency are then glven also in Table 5.4 (6). They ranged

between O.OL22 (in Experinent 4) and 0.0201 (in Experiment 8). Again, they

did not seem significantly different from each other. Subsequently, rrarr

(area of discovery) was calculated as a = af x T(s); for Experinents 4, 5

and 8, a = O.O244, 0.0800 and 0.1005 respectively [Tab.5.4 (6)]. The

values of rrarr are obviously smaller than the calcul-ated value of. 0.259 at

27"C fron Luckrs equation [Table 5.4 (1)]. This is because the survival
time of p"t."it." in ExperÍment 4 was assumed as 2 days, whlch night be

obviously shorter than in Luckrs experiment; even in Experiments 5 and 8t

the assumed survival time of 5 days is probably shorter than ín Luckrs

experiments. In conclusion, the searchíng efficiency of wasps of
A. melinus was not a functlon of different foods; in other words, searching

efflciency 1s similar throughout the wasprs lifetime no matter whether they

had access to food. By contrast, the trarea of discoverytt of searchíng

wasps was definitely a function of different foods.
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5.4.4.3. fnteraction nmong parasites
Data obtained from Appendix Tables 5.4 (2), 5.4 (3), 5.4 (5) and 5.4

(6) are re-arranged in Table 5.4 (7) to test the nu1l hypothesls that there

was no difference among sizes of cages on the rrnutual interference
constantrt of searching female wasps of Å. EEE. To test this null
hypothesis, the ttarea of discoveryrf method was used. The a-values for the

experinental period of 5 days for each of the 4 experiments were calculated

fron the modified Nicholosonrs (1935) fornula:

a=N(e)/(tlxP)

where,

N(e):

N:
D.l.

total number of dead scale (dead + parasitized)
initial scale numbers (I92 for each experiment)

total numbers of parasites ín each experiment

The a-values are given in Table 5.4 (7) and ranged between 0.0181 (in
Experiment 6) and O.O799 (in Experiment 5). However, in sma1l cages in
Experiments 2 and 3, the retarding rate of a-values was related to an

increase in the density of parasites: the a-value went down by 50% (frorn

0.0764 to 0.0358) whíle rhe density went up by 4 times (fron 1 to 5 in each

cage). By contrast, in big cages in Experiments 5 and 6, they htere very

close: a-value decreased by 5 times while density of parasites increased by

4 times. Obviously, a-values were severely varied by differences of either
the densities of parasites or sizes of cages, the searching universe.

Consequently, I believed that the mutual interference of wasps of
A. nelinus could not be constant; or could restrictively be constant.

5.4.4.4. Variation among densities of host scales

and replÍcations in each experiment

This section deals with the use of a 2-way ANOVA method to test the

null hypothesis that there was no difference among eiLher experlmental

replications or scale densities with respect to numbers of dead and/or

parasitisn of red scales in each experimenË. From Appendix Tables 5.4 (1)

Lo 5.4 (8), the F values for dead numbers due to host-feeding and due to
parasitism are calculaEed and are given in each (cont.) in Appendix Tables

5.4 (1) to 5.4 (8) respectively. Further, from these appendix tables, the

F-values are re-arranged and are given in (i) and (ii) of Table 5.4 (8).
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Table 5.4 (7). Numbers, live, dead, parasltied (para.) and

total dead (T.D.) (dead + parasitlzed), of red scales due to

different numbers of female wasps of A. .melinus. in
Experinents (Exp.) 2, 3, 5 and 6. Also given are values of
ttarea of discovêrytt, a, of parasites.

Exp. Total
no. of
parasites

Scale numbers of

Live Dead Para. T.D.

Total no.of
red scales
in each Exp.

a

3

15

2

3

5

6

3

15

L49

89

L46

140

L7

37

25

t4

26

66

2I

38

43

103

46

52

L92

L92

L92

192

0.o747

0.0358

0.0799

0.0181
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Table 5.4 (8).ObÈained fron Appendix Tables 5.4 (1) to 5.4
(8), F-values of the 2-way analyses of variance among 4
densities of red scales and among 3 replicaËions in each of
the 8 experiments (Exp.).

(i). for the dead scale nunbers due to host-feeding of
parasiËes.

Exp. For replications For densities of scales

F-value P (d.f.=2,6) F-value P (d.f.=3r6)

N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

1

2
3
4
5
6
7
8

1.0000
o.4667
r.3L25
L.2352
o.4296
1.0000
0.2000
3.9296

7.4615
4.3333
o.2969
L.r765
3.2500
4.0000
0.9000
0.1549

05<0
N

N
N
N

N

N

N

a

D

D
D

D
D
D

D

* N.D.: P)0.05, not significant.

(ii). for the parasitism of red scales.

E*p. For replications For densities of scales

F-value P (d.f.=2,6) F-value P (d.f.=3r6)

1

2
3
4
5
6
7
I

i
0

I .0000
2.9496

3.5882 N.D.

0.1290
L.0679

L3.667
4.9076

o.5294 N.D.

258L
0407

N

N

N
N

D

D

D.
D.

<0.01
<0.05

N.D.
N.D.

* N.D.: P)0.05, not significant.
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As shown in this table, nost of Ëhe F-values were not significant except

for dead numbers on densities of scales 1n Experiment 1 and for parasltism

on denslties of scales in Experiment,s 5 and 6.

The above analysis indicates that female wasps of Å. mellnus are

normal search for scale insects at random. On consideratlon, thls analysis

l-eads to the disagreenent of the classical concept of rrfunctional responsett

(Holling L959; Huffaker et al 1968; Hassell L978; Podoler 1981; and

others). I believe this was due to ny experinental design: (1) quite big

searching unlverse of offered to the searching Írasps, and (2) different
densities of host scales presented to the parasites in the same treatment.

As a result, parasites in my experiments were acting under more natural
conditions than those given by previous workers. Under my conditions,
parasites had nore freedom for their searching activity than they would in
a very small universe, such as in petri dishes only 10cm in diameter, for
example (Podoler 1981).

5.5. IÞvelopnent of A, Melinus at Constant Tenperature

of 25"C and C.onstant 752 R.H.

Rosen and Eliraz (L978) conducted an intensÍve study on the biology

and systenatlc of development of stages Ín Aphvtis chilensÍs (Howard). To

identífy the developnental stages of larvae they suggested the shape of the

mandibles as usually the best character. The nunber of spiracles nay also

be of value. They believed that all aphelinid genera have three larval
instars (Nikolrskaya and Yasnosh, 1966) and A. chilensis is no exception.

The three instars differ narkedly in the shape and size of their nandibles.

Data from their studies, at 28+1"C and 7O!5% R.H. are given beIow.

Differences among stages of A. chilensis

Stage of
larva

Length of
mandibles
(nicron)

Pairs of
spiracles

Length of
larva-body
(nicron)

Tine for
development

(days)

lst
2nd,
3rd

total

I
13
L6

4
8
I

168 (128-2so) 3
262 (190-308) 3
804 (760-840) 6rT

* including the prepupal stage.

t2
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In their study (ibid) one-day-old wasps were allowed to lay eggs for 1

hour on Oleander scales cultured on potatoes. Subsequently, samples were

taken daily and the various developmental stage of A. chilensis were

measured by turning over the covers of parasitized host scales.

From the above table, I believed that body-length of larvae could be

used to identify the age of larvae more precisely. So I trled to develop a

new method for distinguishing the 1arva1 age of A, melinus, as follows.

5.5.1. Methods and naterials
The experinent was run at a constant tenperature of 25"C, 752 R.H. and

an artificial photoperiod of L:D=14:10 hours. Red scales were prePared on

waxed lemons (see Chapter 3) and were malntained at 25"C and 60% R.H. to
grow to the 3rd instar. I{asps were introduced fron a nass culture on host

red scales on butternut pumpkins at 25oC and 602 R.II. A total of 23 eggs

of A. melinus was used in this experiment.

Before the host red scales were subjected to wasps for parasitization,
all the lemons r{ere carefully cleaned with a very fine brush. The lenons

with 3rd instar scales were then placed ln |tsmall cagestf (see Section 5.4),
0.4 x 0.4 x 0.18n high.

Some different from the nethod of selecting one-day-old wasps (see

Chapter 3), 4 days before the experimental wasps were selected, host

pumpkins with parasítlzed red scales r{ere cleaned through running tap water

for several seconds to wash punpkfnsr extract away; 2 days before the

oviposition treatment, all the cleaned punpkins r¡Íere carefully brushed by

very fine brushes to remove the frold waspstt away; pumpkins were then

enclosed in containers (20cn height, 20cn dianeËer). Honey was placed on

the side wall of each of the containers for wasps as food. One day before

experimental Ereatment, \fasps of A. nelinus were selected fron these

containers. They were carefully sucked up into collection tubes (also

Chapter 3); honey was also struck on the side-wall of each tube for wasps

as food. Wasps were allowed to mate in these tubes for.one day and were

then released into the ttsmall cagestt and allowed to lay eggs in scales for
2 hours. Finally lemons were individually passed through the blowing air
and were then free of parasitoid wasps. Subsequently, each of the scale

covers was carefully torn away undet a x25 nagnification nicroscope and the

presence of eggs on the dorsal asÞect of each scale body was confirned. A

total of 23 eggs were used in this experinent. Lemons wlth parasitized
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scale insects were finally enclosed in containers [Fig.5.5. (1)]' 25 x22 x

15cm high. Saturated solution of NaCl kepË the humidity at 75% R.H

(llinston and Bates 1960).

The developnent of A. melinus was observed daily. Hatching of eggs

was observed under a x100 nagnlfication microscope. Subsequently, also

under a x100 magnification microscope, the larvá1 body-length was neasured.

The development of pupae was nonitored using variation in eye-coIor.

5.5.2. Results and discussion
23 eggs were studied. All of then were initially on the dorsal aspect

of the scale body. These eggs were considered as female (Abdelrahman

L974c).

(1) Ifatching. All the eggs hatched on the 4th day after
oviposition.

(2) Variation in body-length of larvae. The variatlon of body-length

of larvae is glven in Table 5.5 (1). The length vtas measured each day

after haËching. The mean body-length of larvae on the lst day was 0.148

micron, which was similar to the length of eggs. On the 2nd and 3rd day'

the length of the larvae lncreased rapidly. By the 2nd day the mean body

length had doubled. By the 3rd day it had tripled. There v¡as no

signiflcant difference between day 4 and day 5, now about 5 times the

initial length on day 1.

(3) Durations of the developnent of stages of pupae were estimated as

days after hatching of eggs. Stages of the pupa were distlnguished by

variation in eye-color, from eye-less to colorless to green. The pupal

period was divided into 6 stages, fron eye-less to green-eye stage as below

(D.4. Mealzer, pers. comm.):

1: NEP: newly forned pupa with no eyes.
2: AEP:
3: CEP:
4: REP:
5: BEP:.
6: GEP:

- GONE:

pupa with
pupa with
pupa with
pupa with
pupa wlth
emerged.

apricot and light gray eyes.
claret color eyes.
dark red eyes.
black eyes.
green eyes.

Development tines for pupae are given in Table 5.5 (2). Larvae took

5.39+0.10 days after hatching to complete development and expelled neconla

on the 5th day. Unfortunately, I did not observe the first stage of the

pupa (NEP). An interval of one day at 25"C nust be long relative to this
stage. So observation of the pupae was started from the AEP stage. After
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Figure 5.5 (1). Container with the saturated solution of
NaCl to maintain a constant 752 R.H.
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Table 5.5 (1). Mean body-length (m.t.) of A. melinus larva

in relation to developmental duration (days) after the

hatching of egges at 25"C and 75% R.H.

Body-length on Day:

1 2 3 4 5

Mean 0.148 0.291 0.444 0.708 0.7L2

S.E. 0.004 0.008 0.017 0.009 0.090

Range 0.120-0.173 0.360-0.613 0.667-0.800

0.227-0.400 0.640-0.747
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Table 5.5 (2). Mean developmental duratÍon in days

(at 25oC and 757" R.H.) of pupae of A. melinus after the

hatching of eggs.

Stage of
pupa

Duration (days) after the hatching of eggs:

Mean + S.E. Range

L.E.M.l+

1: NEP#

2: AEP

3: CEP

4: REP

5: BEP

6: GEP

5.39

6.L7

7.L7

8.17

9.22

10.30

0.10

0.08

0.08

0.08

0.09

0.10

5-6

6-7

7-8
8-9

9-10

10-11

x: fu11y developed larvae expel-ling meconia.
#: no observaÈion was done on the NEP stage.
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hatching, insects took 6.17+0.08 days to get to the AEP stage.

Subsequently, each of the following sLages required almost one day to
complete their development at 25oC and 757" R.H. Pupae of A. mellnus

required abouL 5 days altogether to complete their developmental cycle.

Adults emerged between day 10 and day 11 after the hatching of eggs.

A. melinus Look a total of. 14 days, namely, 4 days for egg, 5 days for
larva, and 5 days for pupa, to cornplete one generation at 25"C and 75%

R.H. In oÈher words, it needs a total of (25-11) x 14 = 196 day-degrees

>11oC (Abdelrahnan 1974b) for the completion of development. This

day-degree sum was about that for red scale to conplete 2 stages, or about

2/5 of. that for red scale to complete one generation at 25"C (Atkinson,

L977). The observed duration of development in female A. melinus was I day

or two longer than that of 16.2 days obtained from scales whose cover had

not been torn away at 25oC and 752 R.H. (Abdelrahnan, I974b). This

suggested that the treatment of Ínsects in thís experiment reduced the

duration of developnent.
(4) The size and shape of the nandibles of larvae varied with time

after hatching. 4 sizes were distinguished between day 1 and day 5

[Fig.5.5 (2): A-D]. The mandibles were observed under x500 nagnification
from slides of only 2-3 larvae each day after the hatching of eggs. The

larvae were directly nounted in Berlesers gum-chl-oral mounting medium.

After mounting, larvae became semi-transparent in 20-25 minutes and in a

suitable condition for the observaÈion of the nandibles.
However, result of my observation r¡¡as given for reference only as

follows. 0n day 1 after the hatching of eggs, the nandibles [Fig.5.5 (2),
A] were minute, about 7.6 nicrons in length and 6.9 microns in width; on

day 2, mandibles [Fig.5.5 (2), B] were bigger, triangular, about 11.0

microns long and 8.3 microns wide; on day 3, 'the nandibles [FÍg.5.5 (2), C]

were larger and more acutely pointed than that on d,ay 2, about 14.4 microns

long and 9.6 nicrons rvide; and the size and shape of nandibles of larvae on

day 4 and 5 vrere nearly the same as 19.3 and 19.9 microns long respectively
and 11.0 (day 4 and 5) microns wide [Fig.5.5 (2), D]. In this experiment,

I nentioned 4 differences of the sizes and shapes of the nandibles of
larvae. But this does not mean I have established a total of 4 stages

inst.ead of the establishmenE of a total of 3 differences for the 3 instars
of Aphvtis larvae respectively (Azim I963a & b; Rosen and Eliraz 1978). It
is the only purpose of this experiment to develop a techníque of estlnating
the ages of larvae of Aphytis.
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A

D

B

l0 mlc¡onc

Figure 5.5 (2). Shapes of nandÍbles of larvae of
A. nelinus DeBach at çine after Èhe hatching of
egges.

1.
2.
a

4&5.

Day
Day
Day
Day

A: on
B: on
C: on
D: on
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(5) This technique was developed for the measurement of developmental

durations of larvae and pupae of A. nelinus at 25"C and 75% R.H. Since the

ranges of body-length in relatlon to the developnenËal durations (days) of
larvae r¡rere grouped very well, I believed the time of 5 days used before

(see Sectlon 5.4) was long enough for assessing the age of larvae of
A. melinus in parasitized scales. Consequently, I hope this technique

could be used in experitrents, such as these in Section 5.4, to measure the

actual tine (day) of laying eggs of wasps that could be used instead of the

assumed time that had been enployed in the prior experiments (see Section

5.4) on the searching efficiency of wasps.
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CHAPIER 6. GROIùTII OF Phacelia sp. ÁND II5 INFT.IIENCB

ON Aphvtis melinus lþBach

Introduction
As described in Chapter 5, the longevity, reproduction ability' area

of dlscovery, searching efficiency and so on, of fenale h¡asps of A. melinus

could be distinctly reduced by the shortage of carbohydrate food supply'

such as honey or nectar of citrus flowers. Huffaker (1959) noÈed that

attempts have been made in the U.S.S.R. to inprove the efficiency of

A. proclia (Llalk.) in the biological control of San Jose scale,

Quadraspidiotus perniciosus (Const.), by planting a Phacelia cover crop to
provide nectar. Three crops of Phacelia increased the parasitisn f.tom 57"

to 76%. Based on these results, the following experiment was conducted to

measure the effect of Phacelia sp. on the potentlal for biological conÈrol

of red scale in South Australia. This experinent was conducted under

laboratory conditions of constant temperatures with artifícíal
photoperiod.

6.1. Growth of @!þ sp.

Methods

Phacelia sp. plants were grovrn at different constant temperatures and

a fixed daylength.

This species r+as expected to colonize ít orchards in S. Australia. In

October 1984 (middle of spring), after seed-soaking for one day, they were

kept at 27"C fot about 2 days and were then sown on I5/LO/1984. When the

young plants had. 2 genuine leaves on each (10th day after seeding) they

were replanted individually in flowerpots, 20 cm dianeter, 20 cm height.

The plants grew under naÈural flucËuation of temperatures with a mean of

17.7"C for 2 weeks and were then removed to a plant grovtth room at 15oC and

an artificial photoperiod of L:D=16:8 hours for 28 days. Next, the plants

were removed to plant gro\dth rooms under constant temperatures, namely, 15t

2O, 24 and 28oC, with a photoperiod of L:D=16:8 h. 5 pots were put in each

growth room in trays with abouË 2 cm depth of water. The whole process was

conducted to roughly simulate a possible growth period for plants from

early spring Eo summer.
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discussion
(i) Eeight of Phacelia sp.

The variaÈion in mean heighË among groups of 5 plants responding to

tenperatures is recorded in Appendix Table 6.1 (1) and plotted agaÍnst days

in Figure 6.1 (1), A to D for 15, 20, 24 and 28"C, respectively. The

height of the plants original-ly ranged from 14.4 up to 20.6 cm, which were

established as thresholds under treatment-temperatures. In 21-33 days

time, narnely, 21 days at 24 and 28"C, 24 d,ays at 2O"C and 33 days at 15oC,

plants reached their maximun height before flowering. Obviously, the

number of growth days required to reach maximum height was reduced at the

higher temperatures. At 28oC, plants took 21 days to reach the naximum

height of. 57.6 cm; by contrast, it was 33 days for plants to get the

maxinum height of 90.2 cm aÈ 15oC. However, gíven below are the regression

equations for the relationship between heights (Y: cn), started fron above

mentioned so-called thresholds of plants, and growing duration of days (X)

at differences of constant temperatures.

Results and

150C:

2O"Cz

240C-.

2goc:

Y = 106.384 / LL + exp(l.679-0.109 X)l
Y = 83.305 / lL + exp(1.556-0.193 X)l
Y = 80.656 / lL + exp(l.453-0.200 X)l
Y = 59.740 / Í + exp(0,595-0.203 X)l

Maxinum plant height (Y) is plotted agaínsÈ temperature (X) in Figure

6.L (2) [data frorn Appendix Table 6.1 (1)] giving a linear regresslon

equation, Y=I27.OL-2.38X (r= -0.97477 d.f.=2; P(0.05). The regression

índicates that naximum height ls a linear functíon of tenperature: the

higher the temperature, the shorter the p1ant.

The above measurements suggest that Phacèlia sp. could be planted in
mid-spring and grow well into summer since during this period the mean

tenperatures ranged from 15.6"C up to 22.I"C (BiennÍal report' 1982-1983.

Irraíte Agri. Res. Inst.). They could grow in summer under irrigation though

Lhey would grow better in the cooler seasons such as spring and autumn. As

an assumption, that to grow Phacelia sp. in orchard in S. Australia
throughout Èhe perÍod from early spríng till late autumn might be a greaL

help to Aphvtis female h¡asps on the host-feeding an<l parasltisn on red

scales.
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(ii) Mean number of infloreacences
Plants of Phacelia sp. had one indefinite lnflorescence on each of the

effective ti11ers. The mean nunbers (mean of 5 plants) of lnflorescences

per plant at each tenperature are shown in Table 6.1 (1). As in the case

of plant height, the number of lnflorescences per plant ís also a functlon

of temperature. After plants had been renoved fron 15oC into each of the 4
treatment constant temperatures, nost of the inflorescences (6-7

infl-orescences per plant) appeared in one week. By contrast' appearance

times of all the lnflorescences were quite different, namely, 8.8

inflorescences by the 18th day at 28"C, 11.4 by the 21st at 24"C, 8.6 by

the 21st at 20oC, and 10.4 by the 27th at 15oC.

Obvlously, Phacelia sp. plants had definite effective t1l1ers with

similar appearance time. This suggested it was necessary to seed several-

batches of Phacelia sp. throufhout the main infestatlon period of red scale

in order to provide a suffÍcient nectar source for wasps of Aphvtis in
nature. The ínterval of seeding could be deternined by the tine at which

about 5O% of the tota1. flowers of the indefinite-inflorescences had

processed. For further detaíls, see later sectlons.

(fii) Numbers of the accumulated total and the fresh flovers
Since the total flower numbers of each of the inflorescences on each

plant were simílar, the total nunbers of flowers were only measured on the

lnflorescences of each maín stem (one for each plant) of the pLants; the

nean (mean of 5 planÈs at each temperature) data are given ín Appendix

Table 6.1 (2).
Unfortunately, I have data obtalned at temperatures of 20, 24 and 28"C

only; I lost data at 15oC because the aír conditioner broke down 10 days

after the appearance of the first flower. The mean toËa1 flower numbers

are plotted against durations (days) after the first flower had presented

in Figure 6.1 (3), namely, A, at 20"C, B at 24"C ar,.ð, C at 28oC. And

obtained from Appendix Table 6.1 (2), again, the duratlon of the flowering

period at different tenperatures are given in Table 6.L (2); also given 1n

Table 6.2 (2) are the regression equatlons of relatlonship between

accumulated numbers of flowers and durations (days) of flowering periods.

However, as shor¿n in Table 6.L (2) and Figure 6.1 (3), A at 20oC, B at

24"C, and C at 28oC, durations of flowerÍng were slmilar (range 25-27 days)

at the dlfferent tenperatures and plants had the sane requirenent of 13

days for the accumulation of 50% of the total flowers at all 3 testing

temperatures.
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Table 6.1 (1). Mean numbers (mean of 5 plants) of
inflorescences per Phacelia sp. plant at different constant

temperatures, with the artificial photoperiod of L:D=16:8

hours. (From 3O/LI/84).

Day At temperature ("C):

15 20 24 28

1

7

L2

15

18

2T

24

27

1.0

7.6

9.4

8.4

9.6
10.0

LO.4

10.4

0

7.4

9.0
10.8

]-l.4
LL.4

7.6

8.6

8.8

8.8

0.4
6.2

7.6

7.8

9.6
8.6

61
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Table 6.1 (2). Duration in days (Durat.) of flowering

period of Phacelia sp. at different constant temperatures

(in 'C), with the artificial photoperiod of L:D=16:8 hours;

also given are the observed required days to accumul-ate 50%

of total flowers (D:50%) and regression equations of the

relationshíp between flower numbers (Y) and duration days

(X) of flowering process

"C Durat,. D:50% Equations

20

24

28

25

25

27

13

13

13

Y=749.926 / [1 + exp(3.856-0.279X)]

Y=786.963 / LI + exp(4.968-0.358x)l

Y=545.o92 / [1 + exp(4.o84-o.297x)]



Figure 6.1 (3). The nean total- flower numbers of phacelfa G¡p., nean

of 5 plants, against duration of the flowering perrod in days at
different constant tenperatures in oC, with the artificial photo-
period of L:D=16:8 hrs.

A: at 2O"Ct

B: at 24"Ci

C: at 28oC
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Subsequentl-y, since flowers could hardly remain as fresh for more than

2 days under temperatures of 2O-28"C, the following measurement was

conducted for the relationship between numbers of the so-called fresh
flowers and duration of flowering tine of plants. The mean numbers of
flowers remaining fresh were observed once every 3 days; data are given in
Appendix Table 6.1 (3) and are plotted against tine after the appearance of
the first batch of flowers in Figure 6.1 (4). Mean nunbers of fresh
flowers per nain stem per plant showed ranges as follows: 0.4-107.2 at

zO"C, O.4-L26.4 at 24"C and 3.2-73.8 at 28"C. However, after the fÍrst
flor+ering, the numbers of fresh flowers increased rapidly in one week to
reach values which were about L/2 of the maxina [Fig.6.1 (4)]. The naxina

of fresh flowers were observed about two weeks after the start of
flowering, namely, L07.2 by the llth-day at 20"C, L26.4 by the 13th-day at
24oC and,73.8 by the llth-day at 28oC. The naxÍnum at 28oC was about 70%

ofthatat2oand,24"C.Thisindicated,again,thatp1antsof@sp.
would grow better in relatively cool tines of year than in the summer.

Subsequently, Ín another two weeks time, plants finally ended the flowering
process. Furthermore, as shown in B and C of Figure 6.1 (4), starting at
day 17-19, the nunbers of fresh flowers u'ent up again because of being

joined with newly forned sma1l inflorescences on the main stems. This

increase lasted only a short period of 4-5 days and subsequently led to the
end of the whole flowering process.

The above measurements suggested an interval of about 2 weeks for
seeding Phacelia sp. for a continuous supply of nectar to Aphvtis wasps.

(iv) Prorluctlon of nectar
Measurenent was done only on the variatlon of the production of nectar

during the so-called rrday-timerr.

Hethods: The measurement of volu¡nes of nectar nas carried out under a

x10 microscope. Flowers were individually pinned to a dissecting dlsh with
wax layer. After the top petal had been carefully torn away with fine
forceps, the nectar on the base of the ovary was sucked into a l-nicroliter
ttMicrocapsrt micro-pipette (nade in U.S.A. by Drunnond Scientlfic Co.) by

capillarlty.
hlithin one day, nectar was measured at intervals of 1.5-2.0 hours from

8:00 a.m. till 6:00 p.m. Ttre plants ïrere given a long-day photoperlod of
L:D=16:8, set to start at 8:00 a.m. Ihe measurements were started at 8:00
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â.m. 5 samples fron each of the 4 test tenperaÈures were measured' the

last at 6:00 p.m., 2 hours before Èhe end of the photoperíod.

Each sample consisted of 7 flowers. At each sampling time' nectar

volume was measured on 7 batches of 4 flowers, I flower from each

tenperature in each batch. In this way the 4 samples were measured over

the same period of tine, as far as possible. The mean volumes of nectar of
the 7 flowers from each temperature were then calculated.

Results: The nean volume of nectar per flower is given in Appendix

Table 6.1 (4) and plotLed agaÍnst sampling time in Figure 6.1 (5). At all
the experinental tenperatures, the production of nectar represented a

similar reduction trend after so-called sunrise; but during the period

between 8:00 a,m. and 6:00 p.m.¡ they never reached zero value. Clearlyt
the smallest volume of nectar produced at highest temperature of 28oC at

any time. But it was somewhat different at other temperatures. At 20oC

arrd 24oC, production of nectar reduced rapídLy in 2 hours after so-called
sunrise; then, rose again to reach a new peak aL tine 5 hours after sunrise
at 24"C, but 8 hours at 20"C; respectively, from the peaks, the production

of nectar dropped down again. It was of interest that at 15oC and 28"C,

the drop Ín production could be predicted by a linear regression equation;

by contrast, the production of nectar was not a linear function of tine
after sunrise at 20"C and, 24"C respectively. However, the linear
regresslons, at 15oC and 28"C, of the relation between volumes of nectar

and time after rrsunrisett are given in Table 6.1 (3).
Obtained form the above analyses, iL was clear that the nectar of

Phacella sp. could be an efficient food source for Aphvtis l¡¡asps since it
was available for nost of the day.

6.2. Influence of Nectar on Fenale ltasps of {. nelinus
6.2.L. On longevlty

Methods: In the control Treatnent 1, wasps Ì{ere provided with water

on1y. Flower-nectar of Phacelia sp. was provided to female wasps of
A. melinus in Treatnent 2 to test Lhe nu1l hypothesis that the nectar had

no effect on survival.
One-day-old wasps were sucked into collection tubes (see Chapter 3), 4

wasps per tube. 16 tubes were filled, 8 supplied with nectar, I as

controls.
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Table 6.1 (3). Statistlcs of linear regression of the mean

volume (T), ml-cro-1itre, of nectar per flower (nean of 7

flowers) at 15"C and 28oC on tlne (X) of hours (range 1-10

hours) after the so-called sunrise, started at 8:00 a.m. for
the artificlal photoperÍod of L:D=16:8 hours.

Tem,(oC) Intercept Slope d.f. r P

15

28

L.82

0.84
-0.11
-0.05

-0.9848
4.9295

<0.0L

<0.05

3

3
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Nectar was collected with micropÍpettes and placed on the wall of each

of the 8 tubes. All the collection tubes with wasps were kept aL constarit

temperature of 25"C and 602 R.lI.

Observations of death of wasps were carried out once each day in the

first 5 days; once every 2 days from the 6th day until all wasps were dead

in the nectar tubes in Treatment 2.

Results and discussion: Data on the death of wasps are given in
Appendix Table 6.2 (1) and plotted against the observation tine in Fígure

6.2 (I). All the v¡asps in the control Treatment 1 died within 3 days (nean

1.5+0.1, range 1-3). By contrast, in Treatment 2 some r+¡asps fed on nectar

lived as long as 28 days (mean 18.8+0.9, range 6-28); none died in the

first 5 days. The regression equation, Y=l15.510/lL + exp(5.256-0.266X)l

describes the relationship between accumulated percentage dead wasps (Y)

and time (X). However, even though the longevity of wasps fed on nectar

was about 4 times longer than that of wasps surviving on host-feeding only

(see Sections 5.1 and 5.2), it was still much shorter than the longevity of
29.8 days obtained from wasps fed on honey (Abdelrahman 1974b). As a

conclusion, the necËar of Phacelia sp. was not considered so good as honey

for the survival of wasps of A. melinus; but, was much more efficient than

host-feeding on red scale.

6.2.2. On searching efficiency of wasps

The present experiment r{¡as conducted to assess the nu1l hypothesis

thaL the nectar of Phacelia sp. h¡as not so efficient as honey on the

searching efficiency of A. nelinus on red scale. Actually, this experiment

riras a part of experiments described in Section 5.4. Hence, al-l the designs

h¡ere same as in Section 5.4.

Methods: The treatment to r{'asps of A. nelinus was the combination of

densities of host red scales and host fruits for each density of red

scales. In each of the 3 replications (big cages), 5 pairs of one-day-old

hrasps (5 nales and 5 females) were kept at 25"C and 6O7" R.H. for 5 days for
the neasurement of the searching efflciency of wasps. However' see SecËion

5.4 for details.
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Table 6.2 (1). Data of the death and parasitism of red

scales in the present experiment and in Experinent 6 (Exp.6)

in Section 5.4, in which vtasps fed on honey.

Z rat.e of 1n scales:Experl-
ment

Total no.
of scales

Total dead
no. of
scales* parasitJ-zed dead total

present

Exp. 6

L92

t92
27

52

6.25

L9.79

7.81

7.29

L4.06

27.08

*: sum of the dead and the parasitized.
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Results and discussion: Data of parasitism and death (due to
host-feeding) of red scale in each of the 3 repl-icatlons are given in
Appendix Table 6.2 (2). Obtained from this table, a total of 14.06% scales

died (7.812 due to host-feeding and 6.257" due to parasitisn). The death

rate and parasitism rate were not significantly different from each other.
These daLa are conpared with the results of Experinent 6 in Sectl-on 5.4.
In these two experinents (Exp.), condÍtions were all the some except for
the differences of foods for wasps: in Experiment 6, wasps were provided

r,¡ith honey as food and it was nectar in the present experinent. The

comparison is presented in Tabl-e 6.2 (L). They were not nuch different
frorn each other in percentage dead due to host-feeding; but significantly
different in percentage parasiti.sm. Wasps fed on honey caused more than

twice the parasitism of red scales than did wasps fed on nectar of Phacelia

sp. Since citrus nectar had been considered to be an excellent food, as

good as honey or even better, for Aphvtis (Gerson 1968; Avidov et.al.
1970), the above analysis suggests that the flower-nectar of Phacelia sp.

is not as good as citrus nectar.
Furthermore, since the purpose of growing Phacella is to provide a

continuous food supply to Aphvtis ïrasps, I recommended the method of
artificia11yp1acinghoneyontreesinorchardsinsteadofgrowing@'
when citrus flowers are absent. If the honey could be well protected from

the consunption of other insects, I believe that this method could be nore

convenÍently used for the control of red scale 1n orchards.
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@ÂPTER 7. SEASOI¡ÄL AHNDANCE OF CALIFoRNIA RED SCÂIÆ

7.1. Introduction
To undersËand the population regulation of red scale, studies on the

seasonal fluctuations in numbers of both red scale and its natural enemies,

especially Aphvtis parasitoids, have been made in many parts of the world

by many people (DeBach et al 1950, 1960, 197I, L978; DeBach 1958' 1965'

L969; Ebeling 1959; Mclaren L97L; Mclaren et al 1973; Âtkinson L977, 1983a,

b; Maelzer 1979; Reeve & Murdoch 1985; and others) but such detalled

information has never been obtained for the local population of red scale

and it.s natural enemies in the experimental orchard at the llaite Institute
in Adelaide, South Australia. Such data were needed Èo compare with other

sLudies of red scale in Australia, namely Ín Victoria by Mclaren (1971) and

Mclaren et al (1973); in Queensland by Snlth (1978); aÈ Loxton, S.

Australia by Maelzer (unpublished). In particular, there are a very large

number of ci-trus trees in the netropolitan area of Adelaide and Adelaide

has a different clinate to the horticultural area along the River Murray in
S. Australia which is called the Riverland and incl-udes the Ëowns of
I'laikerie, Berri, Renmark and Loxton [Fig.7.1 (1)]. The Riverland is in the

arid zone of Australia. Itrs climate is characterized by very hot sunmers,

cold winters, and an annual rainfall of 250 mms. It is, however, the

center of commercial production of citrus in S. Australia, aided by

irrigation fron the River Murray. By contrast, Adelaide has milder summers

and winters and an annual rainfall of 530 mms.

In the experinental orchard at the l{aite Institute the annual rainfall
is also supplemented by irrigation over summer but, because of itrs rnílder

climate, the population regulation of red scale is likely to be quite

different fron that in the Riverland. The annual average daily temperature

was about 16.5oC, mean between 1925-83; the extremes of tenperatures had

ever been recorded were 44.3"C the highest in January and 0.9"C the lowest

in June (Biennial report, 1982-83, of the hlaite Institute). Accordingly,

the annual day-degree (D.D.) sum >Lz"C (see Atkinson, L977) available for
the developnent of red scale is (16.5-12)x365=1642.5 (D.0.). Thus red

scales may be able to conplete about 3 generatíons each year in this
orchard.

My study therefore involved the fluctuations of numbers of red scale

and its natural enemíes, especially Aphvtis melinus, in the hlaite

Institute. One of its purposes hras to evaluate the role of various
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mortality factors in the populatlon dynami-cs of red scale. Such sEudy vtas

necessary for the proper planning of future experiments to measure the

degree of control exerted by natural enemies on the red scale populatÍ-on.

7.2. Study Orchard and Sanpling l,[ethod

7.2.L. Study Orchard

To evaluaEe the influence of natural enemies, DeBach, Huffaker and

MacPhee (1976) suggest Lhat population levels of both prey and natural
enenies nust be measured over a number of generations on some common basis.

Consequently, my study was conducted through the period l{ay 1984 to March

1986.

A. melinus had been released ín the ltraite InstÍtute orchard nany years

earller and had been maintaÍned without insecticidal sprays for nost of
that time. The orchard comprised 3 adjacent rovrs of citrus trees, one of
hlashington Navel- oranges, one of Valencia oranges, and one of Lisbon

lemons. The trees were about 12 years old but were maintained at a height

of about 3 n. They were fertilized with the usual fertilizers for
commercial citrus production, and were irrigated over summer using

under-tree mícro-sprinklers with nains Ì{ater which was a nixture of River

Murray water and rainwater fron the Adelaide catchment area. This study

was confined to red scale on the row of lemon trees.
Ambient temperature was measured with a thernohygrograph in a

Stevenson screen in the orchard.

7.2.2. Sanpling nethorl

7.2.2.t. Distribution of red scale on lemon trees
The choice of a sanpling method for red scale and its parasitoids

depends on the distribution of red scale within and between potential
sampling units. A.sampling nethod of red scale was devised by D.A. Maelzer

(unpubllshed) in the l,laite Institute, S. Australia. He accepted the

suggestion from Atkinsonts (1977) study in S. Africa that the population

processes on fruits, leaves and twigs were similar and that therefore it
sufficed to sample fruits only to get relative numbers of rèd scale and its
parasitoids at each sampling date. Maelzer also discussed the results of a

sanpling experiment in terns of the relationship between the sanple size

and the cost of the sample as tine consumed. He suggested that an optínum

sanple size of 4 fruits from each of 15 trees gave a precision of about 252

and aÈ a cost of 48 nan-hours or 3 man-hours per tree. However, I could
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not afford the cost of such a large sample and since he had suggested that
the variability of red scale numbers was not significantly different
between trees, I considered it was suitable for me to spend 9 nan-hours on

4 lemons from each of 3 trees for each sample of red scale and its natural

enemies.

However, since Maelzerrs data came from oranges at Loxton, and my

study was to be on lemons in Adelaide, it was initially necessary for me to

also do a sanpling experinent in which one of the prine objectives r,i'as to
test the nu1l hypothesis that, in the úIaite Institute orchard, red scales

had a random distribution on lemons on Èrees. For this purpose' a total of
24 lemons were chosen from a tree at random. The lemons cane fron
different parts of the canopy: 12 lenons fron the interior part and anoÈher

12 from the outer canopy. One lenon was picked from each of the 3

different heights, namely, top, middle and bottom of the tree canopy, and

fron each of the 4 conpass directions, namely, N. S. E. and I,l.

7.2.2.2. Subsanpling nethod

0n each lemon, 4 long axes were chosen at random. Along each axisr a

number of circles, each 1.5 cm diameter, were marked (one by one) on the

skin. The numbers of red scales were then counted within each cÍrcle.

7.2.2.3. Results of the sanpling experÍment

The numbers of observation circles on each lemon and the total number

of scales are given in Appendix Table 7.2 (L) for lemons from the inner

canopy and in Appendix Table 7.2 (2) for Ëhe outer canopy. Also given in
these tables were the mean numbers of scale per observation circle. They

ranged between 1.17 and 18.16 for the inner canopy and between 1.75 and

10.36 for the outer. An ANOVA was conducted to test the null hypothesls

thaË the mean numbers of red scale were the same among the 4 aspects and at
the 3 different heights on the canopy.

To examine the trend in numbers more easily, the mean numbers of scale

insects per observation circle were rearranged as in Appendix TabLe 7.2

(3). The results of the ÁNOVA are given in Table 7.2 (L) and l-ndicated

that there was no difference between heights or between the inner and outer

canopy (P>0.05). However, the F value was signíficant for aspects, so the

means for aspects are compared in Table 7.2 (La). The conparisons

indicated that Llest was signiflcantly greater than East. However, since

I{est was not different from North or South, and North and South were not
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Table 7.2 (L). Analysis of variance, ANOVA, of mean numbers

of red scales per observation cl-rcle (15mm dianeter) on

lemons (for 4 aspects x 3 heights x 2 canopy parts).

Source of
variation

Sum of
squares

d.f. mean F
squares

Canopy
Height
Aspect

Error

24.99
22.r4

L46.47

24t.tL L7

1

2
3

24.99
11.07
48.80

14.18

L.76
0.78
3.44

Total 434.65

Table 7.2 (La). Totals and means of scales for L.S.D.-test
on the conparison of any tkro aspect-neans.

Aspect No. of
samples

No. of scales on each aspect

Total Mean

6
5
3
9

06
34
13
98

36.33
32.06
18.80
59.86

6
6
6
6

North
South
East
I,lest

(I). t(0.05) for 10 d.f .= 2.228

so, LSD (0.05)=2.228 x (2xI4.L8/6¡O'5=4.g4

(II). So, comparing means of aspects of L.S.D. for
difference between any 2 means:

I{est(9.98) North(6.06) South(5.34) East(3.13)
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differenu from East, I decided Ëhat it would be sultable to regard aspects

as not significanLly different and therefore to take the same number of
fruiÈ from each aspect. Also, for convenience, the fruit would be taken

from the outer part of the canopy.

7.3. Field Sample of Red Scale

7.3.1. Sampling techniques

My study was expected to assess a natural population of red scale on

lenons. So lemons were not, harvested and fallen lemons on the ground were

not renoved from the study orchard because these acts night have had an

important effect on the rate of growth of the population of red scale

andfor its parasitoids. Similarly, because of the small number of trees in
the orchard, care was taken not t,o interrupt the 1ífe cycles of red scale

or its parasitoid enenies.

The mean and range of the anbient temperature for each sampling

interval are given in Table 7.3 (1); given Ín Table 7.3 (1a) are the daily
mean temperatures (means of L925-83) 1n the lrraite Instítute (Biennial
Report 1982-83, hlaite Agri. Res. Inst.). Shown in Tab1e 7.3 (1), the nean

ranged berween 11.7"C (5/5-25/8, 1985) af,.d 24.3"C (27/l-3/2, L985); the

lowest temperaLure was 3oC in interval 2 (4/5-22:/7, L984) and the híghest

temperature was 41oC in interval L3 (27/1,-3/2, 1985). The highest

temperature of 41oC was 5-8"C lower than that required for the LD5Ors for
all stages of scale insects (Abdelrahnan L974); the lowest temperature of
3oC was 3-7oC lower than that sím1larly estimated for LDSOts by Abdelrahnan

(ibid). The influence of the mean and extremes of temperature in each

observation interval on the nortality of red scale will be assessed in the

following sections.
Population data of red scale were obtainêd from a periodic sample from

three lemon trees (see Sectíon 7.2). From each tree, one lemon was

randonly sampled from each of the 4 directlons, narnely, north, south, east

and west; from these 12 lemons, scale insects vrere assessed to be alive'
dead and/or parasitlzed by turning over the scale cover of each insect.
The samples of red scale r.rere carried out with an interval about 95

day-degrees (D.D.) >12'C between sanpling dates [Table 7.3 (2)]; whlch was

an accumulaLed value of the deviation of the daily mean anbient temperature

(from a Stevenson Screen) and the constant 12"C.
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Table 7.3 (1). Daily mean and exLrene temperatures ("C) in
each observation interval, sampling interval, Ín the orchard
of hlaÍte InstlEute.

N0. Interval Highest Lowest Mean

2
3
4
5
6
7
8
9
10
11
I2
13
T4
15
16
T7
18
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33

4/5-22/7 /84
23/7-4/LO
s-23/LO
23/LO-g/LL
9-L9/Lt
20/Lr-6/L2
7-16/L2
17-28/L2
29/72/84-LL/r/8s
L2-t9/L
20-26/L
27 /t-3/2
4-L3/2
L4-24/2
2s/2-e/3
LO-L7 /3
18-30/3
3r/3-t4/4
ts/4-4/s
s/s-2s/8/8s
26/8-6/ro
7-29/LO
30/LO-r2/rL
L3/tt-L/L2
2-r8/t2
Le/L2/8s-3/L/86
4-Ls/t
t6-27 /L
28/t-7 /2
8-t6/2
L7 /2-2/3
3-L2/3

24
25
31
32
36
36
35
36
36
40
38
4t
33
34
34
37
31
32
28
26
27
28
30
32
31
35
34
29
37
37
36
40

3
5
I
9
T2
9
11
11
11
11
11
T2
11
L2
10
L4
13
10
10

10
9
10
10
10

L3.2
12.4
L6.2
L7.9
20.9
L7.5
2r.8
19.9
Lg.4
22.9
22.5
24.3
23.6
2L.3
18.8
26.3
Lg.9
19.7
16.9
LL.7
L3.2
15.5
19.1
L7.l
18.1
L7.7
19.6
L9.6
21.3
22.7
20.3
2L.8

4
4
6
I
10

11
13
L2
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Table 7.3 (1a). Daily mean temperature (neans of 1925-83)

in the hlaite Institute, SouËh Australia. (Biennial Report

1982-83, hlaite Agri. Res. Inst.).

Month Average daily ('C)

Maxinum Minimum Mean

January

February

March

April
May

June

July
August

September

0ctober

November

December

27.9

27.7

25.5

21.4

17.8

15.1

L4.2

t5.2
L7.6

20.3

23.4

25.8

L6.4

16.5

15.4

L2.9

10.7

8.6
7.8

8.1

9.4
10.9

L2.8

14.7

22.L

22.L

20.5

L7.2

14.2

11.8

11.0

LL.7

13.5

15.6

18.1

20.3

Year 2L.O 12.0 16.5
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Table 7.3 (2). Day-degrees )12oC of each sampllng interval
(interv. ) . 4/5/84-ll/3/86.

Samplíng
int,erval

Date Day-degrees of:

Each inËerv. Accun.* Accum.#

2 4/s-2L/7 /84
3 22/7-/3/to
4 4/LO-22/LO
s 23/LO-7 /Lr
6 8 ltçß/tt
7 LglrL-s/Lz
8 6/r2-Ls/L2
9 L6/L2-27/L2
10 28/L2/84-LO/L/85
11 nll-tg/L
L2 L9/r-2s/r
13 26/L-2/2
14 3/2-12/2
ls t3/2-23/2
16 24/2-8/3
L7 e/3-L6/3
18 L7/3-29/3
19 30/3-13/4
20 L4/3-3/s
21 4/s-24/8
22 2s/8-s/LO
23 6/LO-28/IO
24 2g/r}-Lt/ß
2s L2/LL-30/LL
26 L/L2-L7/L2
27 L8/L2/8s-2/r/86
28 3/t-L4/L
29 L'/L-26/L
30 27/L-6/2
31 7/2-Ls/2
32 L6/2-L/3
33 2/3-rL/3

85.5
65.9
80.8
93.9

LLO.2
93.7
98.4
94.9

103.5
87. I
83.4
98.6

116.3
101.8
87.9

tL4.2
102.8
115.0
96.5
71 .8
82.L
85.9
99.7
97.2

103.9
92.8
90.4

80.
L74.
284.
378.
477.
57r.
675,
762.
83.

r82.
298.
400.
4gg.
602.
705.
820.
9L6.
988.

1070.
85.

185.

808
7
9
6
0
9
4
5*
4
0
3
1

0
2
0
0
5
3
4*
9
6

I
7
9
6
0

L74.
284.
378.
477.

91.1
LOz.4
96.4

115.9
98.4

282.8
386.7
479.5
569.9
661.0r*

571.9rf*
103.5
190.6
274.O
372.6
499.9
590.7*r$

97.9
202.t
304.9
4L9.9
5L6.4
588.2rÊ*
82.r

168.0
267.7
364.9
468.8
561.6**

90.4
181 .5
283.9
380.3
496.2
5g4.6xx

1o2.4
198.8
3r4.7
413.1

mean es.6¡2.1(SE)

*: day-degrees (>12'C) for the development of each observed
generation of California red scale.
*x: day-degrees (>12"C) for the developnent of each
theoretical generation of California red scale (see Atkínson
Lg77).
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7.3.2. Results and discussion
The serles of sanples started on 3/5/84 (autunn) and ended on L2/3/86

(late sumner), with an interval of about 95 day-degree )12"C between the

samples. An interval of 95 day-degrees is almost long enough for 3rd

instar female scale Ínsects to complete their developnent and is about 2/3

of the requirement of development for other stages (Atkinson L977).

A total of 33 sanples was assessed and the 32 intervals between them

were numbered in sequence for convenience. The first interval was denoted
ttNo.2tt and the last rrNo.33rr so that each numbered interval corresponded to
the number of the sample Èhat followed it.

Sample daÈa were expressed as log [(numbers of scales in 100

observation circles) + 1] and were denoted the rrlog total numberstt or ttlog

live scalesrr. The 1og total nunbers (sum of dead and alive) of each stage

of red scale are given in Appendix Table 7.3 (1). Log live scales data for
each stage are give in Appendix Table 7.3 (2). One sample (No.4) could not

be taken and so, in these trvo tables, the mean values of samples 3 and 4

were used lnstead of the missÍng data of sample 4 for the statistical
analyses ln the sections below.

The total numbers of red scale per 100 observatlon circles and

percentage dead and parasitisn of each stage of red scale are cal-culated

from the original observations and are given in Appendix Tables 7.3 (3)-7.3
(8).

7.3.2.L. Establishnent of anrnual generations of red sc¿le

The data for all sLages of live scales are re-arranged in Figure 7.3
(1) for the analysis of the tining, through the year, of the generations of
red scale 1n the hlaite InstÍtute orchard. The day-degree sums for each

observation ínterval are given Ín Table 7.3 (2); the day-degree suns

required for the developnent of each stage of red scale on citrus fruits
(after Atkinson L977) are given in Table 7.3 (2a). In this analysis, the
so-called observed generation is established Èo start from the increase of
the population of red scale after overwintering. At this polnt, each of
the trough log values is used to estinate a distinction between two

generations.

As shown in Figure 7.3 (1), for the lst instar, the graph of the

numbers of live scales shows 4 distinguishable troughs at 4/lO/84
(nid-spring), l9/L/85 (ear]-y sumner), 6/LO/85 (nid-spring) and 27/l/86
(early sunmer) 1n order. Obviously, the seasonal appearance dates of the



Figure 7.3 (1). Log (x+1) number of live red scale (for rst, 2nd,
3rd and adult stage) per 100 observation circles (l5mm diameter
each circle) on lemons on each observation date.
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Table 7.3 (2a). On citrus frults, requlrements of
day-degrees )12"C for the completion of the developnent of
each stage of red scale (after Atkinson, L977).

Stage of scale Accumulated
day-degrees

Day-degrees for
each stage

Lst

2nd, fenale
3rd, female

adu1t, fenale

L27

L42

110

184

L27

269

379

563
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trough values were very similar in each year with the spring troughs in
early October and the summer troughs in late January. However, fron this
figure, the annual infestaËion period of red scale on lemons in the study

orchard runs from late October (nid-spring) to late August (nid-winter).
The accumulated day-degrees in this period were calculated as 1750.8

between observation intervals 4 and 21 [Table 7.3 (2)1. This value is long

enough for red scale to complete about 3 generations but, according to the

appearance time of the fluctuation of the live lst instars within the

infestation period of Oct. 1984 to Oct. 1985, onLy 2 genêrations were

observed. The lst generation lasted from late October to nid-January of
the following year, the 2nd one from nid-January to late August.

Secondly, the appearance times of the Èroughs for live scales of the

2nd and 3rd instar r,'rere compared with those of the lst instar scales

[Figure 7.3 (1)]. The fluctuaËions of numbers of the 2nd and the 3rd instar
scales were sinilar to those of the lst instar but they were different in
appearance ti.me.

In the 2nd instar graph, again, 4 troughs were present. Conparing the

lst and 3rd troughs with those of the lst instar, the 2nd instar troughs

appeared in observation intervals 6 and 22/23. From the lst trough, the

population of the lst instar red scale grevr up again in interval 5 and the

2nd ínstar in interval 7. The latter one was about 200 D.D.>I2"C later
than the former one. The value of 200 D.D. is about 70 D.D. longer than

that of L27 D.D. of the completion of the development of lst instar red

scale. So, a reasonable annual starting tine for 2nd instar red scale

could be established as betr+een early and mid November (mid-spring).

Obviously, these 2nd instar scales developed from the newly bound scales 1n

October (nid-spring); in other words, the lst instar scales can not be an

effective overwintering stage and the new anntlal generations started fron
newly born lst instar scales but not from ttoverwintering lst instarsrr.

7.3.2.2. , Ihe seasonal fluctuation of nunbers of red scale

All the observed data, total scales and live scales wiEhin the totalt
of the field samples are plotted against sanpling time in Figures 7.3

(2)-7.3 (10). Figures 7.3 (2)-7.3 (8) show the data for whlte-cap, lst,
lst nou1L, 2nd, 2nd noult, 3rd and female adult stage respectively. Data

for nale scales are in Figure 7.3 (9) while Figure 7.3 (10) shows the data

for scales of all stages. Also plotted in these figures are the
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percentage rates of the total dead (sum of dead and parasitized) and the

parasitized scales of each stage.

The analyses of the seasonal abundance of red scales were represented

as follows.

Iilhite<,ap:
The field sample data are given in Appendíx Table 7.3 (3) and plotted

in Figure 7.3 (2). As shown in this figure, the population of white-caps

did not show any distinguishable fluctuation. So, I did not do any further

analysis for this stage.

lst instar:
As shown in Figure 7.3 (3), the percentage dead of lst instar red

scale increased from the threshold value of about 70-852 in July or August

(winter) to reach a peak of 100% in early October (nid-spring). In the

next month it dropped to about L5-35% in early November (1ate spring) [a1so

App.Tab.7.3 (3)]. This value was esÈinated as the first trough for lst
instars; the reduction in percentage dead indicated that a new infestation
generation of lst instar scale insects started in October. However, after
that the percentage dead increased again in January (early sumrner), the

hottest time of the year. It reached a new peak value of about 80% in 1985

[55% in 1986, see App.Tab. 7.3 (3)]. In late January the percentage dead

started to fal1 again; in about one month it fell Eo the 2nd trough of
abour 20% on 9/3/85 [and on 16/2/86 to the even lower value of about 52,

see App.Tab.7.3 (3)]. Fron March (late sumner), the percentage dead rose

again till the following October (mid-spring).
Figure 7.3 (3) also shows that, after the winter, the 1og total nunber

(live + dead) of lst instar red scale dropped dorr¡n to the lst trough in
early spring (between early October and early November). At that tine, the

1og nunber of live scales increased; by contrast, a reductÍon on percentage

dead rates of scales was observed. I believe .this was the beginning of a

new infestation season after overwintering of scales. Subsequentl-y, from

early November (mÍd-spring), two cycles of 1og total nunber of red scale

were observed: the first was from late October (mid-spring) to late January

(early sumner) and the second was fron late January (early sunmer) to Ëhe

following October (mid-spring). The peak value of the 2nd cycl-e was much

higher than that of the lst one. Thus in 1984-85' the peak of the lst
cycle was 2.0996 (on lL/L/85) while the peak of the 2nd cycle was 2.5533
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Figures 7.3 (3)-7.3 (9). Log (X+1) numbers anð.2 rage of red scale per

100 observation circles (15mn diameter each circle) on lemons on each

observation date.

Fig.
Fig-
Fig.
Fig-

Fig.
Fig-
Fig.

7.3

7.3

7.3

7.3

7.3

7.3

7.3

(3):
(4):
(s):
(6):
(7):
(8):
(e):

lsE insEar.
lst moult instar.
2nd instar.
2nd noult instar.
3rd instar.
adult (female) i-nstar.
male red scale.

Legend:

H: log no. of, total red scale (live + dead).

O-€ : log no. of live red scale.
H : Z total dead (dead + parasitized) of red scale.
o-o : Z parasitizaEion of red scale.

FÍgure 7.3 (10). For red scales overall stagesr l,og (X+1) numbers

and Z rates per 100 observaEion circles (15mn diameter each cÍrc1e)

on lemons on each observation date.[O----O: log no. of total scales
(live + dead);H: log no. of live scale only;¡.----f : Z total
dead (dead + parasitized) of red scale; = Z dead onlyl
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(on 9/3/85) for the 2nd range. In arithmetlc numbers, the latter was about

3 times that of the forner [App.Tab.7.3 (3)].
However, after the winter, in October (early spring), the 1og number

of live lst lnstars was alnost zero but increased rapidly 1n early Novernber

(mid-spring) to reach a high value [fron zero on 29/LO/85 to 1.6908 on

L2/LI/85, see App.Tab.7.3 (2)]. By contrast, the percentage dead severely

dropped from the peak of 1002 down to about 152 [App.Tab.7.3 (3)]. From

November to late January the nunber of live lst instars oscillated around

the above-mentioned high value; i.e., in the period' L2/LI/85-7/2/86,

around the 1og value of 1.6908 wl-th a range of 1.5630 to 2.147L

[App.Tab.7.3 (2)1. Irlithin this period (also in 1984-85) there was a peak

in late Decenber: before this point, the 1og numbers of ltve lst instar red

scale generally presented a positive íncrease trend; by contrast, a

negative trend presented after this point. The 1og nunbers of live lst
instar red scale reached the trough value in late January then rapidly
increased again to reach a new peak in mid March (late summer). The number

of lst instars increased l8-fold between the trough on 19/1/85 and the peak

on 9/3/85, a period of less than 2 nonths. However, fron mid March, the

1og numbers of live lst insËar red scale fell again tÍ1l the following

Novenber.

The rise in 1og nunbers indicated that a nevr annual infestation season

of lst instar red scales had started in between late October and early
Novenber. The end of the annual infestation came some time between late
July and late August, since after that tine it was almost Lnpossible to

find live lst Ínstar red scale on lemons. Based on this, I suggest that
there is an annual infestation season of red scale of about 10 nonths fron
late October to the following August in orchards Ín Adelaide, South

Australia. The nonthly mean temperatures (mean of 1925-83) were 15.6"C for
October and 11.7oC for August (Biennial Report 1982-83, hlaite Agri. Res.

Inst.). Therefore my observation agrees with l"fclarenrs (1971) concept

which was obtained in Victoria, Australia: that the threshold of population

growth occurred at about 15"C for red scale; and populatlon of red scale

maintained a posi-tive growth coefficient down to about 13"C.

1st moult:
Data for the lst moult instar are plotted in Figure 7.3 (4). Similar

to the lst instar, the annual infestation season runs from late October to

the following August. During the season, the 1og numbers fluctuate in 2
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distinct cycles, nanely, (1) the summer cycle which starts in nid November

and ends in laËe January and (2) the autumn cycle, from February to the

following October. The latter cycle oscillates at a much higher level than

the former. Also the peak 1og value of the latter range was much higher

than that of the former; i.e., in 1986, the l-og total number of the lst
peak of the lst moult instar was 1.8229 (on 3/I/86) and the 2nd peak was

nuch higher at 2.7232 (on 2/3/86) [App.Tab.7.3 (1)]; in arithnetic numbers,

the latter was about I times the former. Furthermore, by comparison with
the lst instar red scale, simÍlar fluctuati-ons of percentage dead occurred

1n the lst moults. The highest percentage dead, above 90%, occurred in
October, the lowest values, 7-L82, between late February and early March

[Ápp.Tab.7.3.(3)].

2nd instar:
Figure 7.3 (5) shows that, during winter (June to Septenber), the

percentage total dead (sun of dead and parasitized) of the 2nd instar red

scale was confined within a range o1. 6O-7O1L. After winter, this percentage

increased rapidly: in October (ear1y spring), it reach the peak of about

LOOT". Subsequently, throughout the hottest period between nid Decenber and

early February, the percentage decreased to fluctuate around a relatively
lower 1-evel, i.e.¡ it ranged between 56.04-7I.882 in the period of
I6/L2/84-3/2/85 and around an even lower level of 30.99-44.83% in the

period of. L/I2/85-7/2/86. hlithin these periods, the percentage parasitism

of the 2nd instar red scale r{ras never over 77t which r.ras very close to the

highest value I had ever observed (8.467" o¡ 22/7/84) [App.Tab.7.3 (4)].
However, the percentage total dead of red scale reduced to the trough

values of smaller than 102 in early or nid March (10% on 9/3/85 and, 7.397"

on L2/3/86), with zero parasÍtization rate. Then the percentage total dead

increased again to reach the peak value of about 100% in the following
October [App.Tab. 7.3 (4)].

Again, al-so shown in Figure 7.3 (5), throughout the whole field sample

period, the percentage -parasitization rates of the 2nd instar red scale

stayed within a very low range, O-42. The highest value was 8.467" obtained

on 22/7/84 when the percentage dead value was 51.47 [App.Tab.7.3 (4)f.
Finally, considering the fluctuation of 1og number of live scale

insects [also Fig.7.3 (2)], the 1og nunber of lfve scales showed two trough

and two peak values duri-ng each annual infestation period. By comparison

with the increase in percentage total dead of red scale in Figure 7.3 (5)'
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ín October the log nunber of live 2nd instars showed a decreasing trend

which was maintained at the very low level, abouË 0.5 or even lower to

almost zeto. Fron this very low level, the first leap in increase of 1og

number of live scales started in Novenber and reaching the lst peak some

time between late December and early January. The value of the lst peak

was 1.2275 on 28/12/84 by comparison with the previous threshol-d of 0.1334

on l9/Ll/84; in arithnetic numbers, the former was about 12 tines the

latter. After the lsL peak the log nurnber of live scales fe1l to another

trough value in early February but this value was higher than that of the

former trough nentioned above, i.e. ¡ it was 0.6655 on 3/2/85, compared with
the first trough which was 0.1334 on I9/LI/84. From the 2nd trough in
early February, in about one nonth time, the 1og number of live scales

rapidly increased to reach the 2nd peak about a nonth later, between mid

March and nid April (2.0153 on 14/4/85 and in ariÈhmetic numbers, abolui' 22

tines of that of the 2nd trough on 3/2/85). But very soon, from the 2nd

peak, the log number of l-ive scales decreased agaÍn to an extremely low

value in the following October. For example, from the above-mentioned

peak, it dropped donn to 0.L279 on 6/LO/85 then, in another 20 days, to
zero on 29/LO/85 [App.Tab.7.3 (2)1.

Due to the above mentioned very low parasitism rates, the 1og total
number, sum of live and dead, of the 2nd instar red scale presented a

similar fluctuation trend to the 1og number of live scales throughout the

whole field sample period. This fact, again, might lndicate that, in my

study orchard, parasitoids had never been an efflcient density-dependent

control agent in the population regulation of 2nd instar red sca1e.

2nd noult:
Figure 7.3 (6) shows the fluctuation of percentage dead (in my study

orchard, Ít had never involved any parasitization rate) of 2nd noult which

had two peaks, the first in nid-spring (late October to nid November), the

second in nid-sunmer (early or mid February). The first peak could be as

high as LOO7,; by contrast, the second one was nuch lower (55.682 on

L3/2/85) [App.Tab.7.3 (4)]. However, about 2 nonths from the first peak

the percentage dead dropped down to the first trough in laÈe December (late
spring); by comparison, in less than one nonth after the second peak' the

second trough appeared in early March (late sumner). The values of these

two troughs were very low (only 3.O7% qn 3/L/86) and no higher than 182 [on

28/12/84, see App.Tab.7.3 (4)]. So, I belleve, for the 2nd noult a ner¡Í
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annual infestation season started not later than late Novenber.

However, from Figure 7.3 (6), again, it was noted that the 1og total
and 1og live number of scale insects fluctuated with a similar trend.

After winter, with an increase in percentage dead rates, both the 1og total
and the 1og live numbers of red scale synchronously dropped down to zero

between late October and mid November. Subsequently, they both increased

rapidly. From nid December, the 1og total and the 1og live number kept

growing till the following mid Aprí1. In this period, like the 2nd

instars, two types of increasing trend 1n log numbers were observed,

namely, (1) a sinilar increase rate between 1984 and 1985 and (2) a

distÍnct trough in early February to divide the trend into thto growth

regions, i.e., between 1985 and 1986.

From above analysis it was concluded that the annual infestation cycle

of the 2nd noult stage was from late Novenber to l-ate November, sometimes

with two obviously different developnent cycles divided in early February.

3rd instar fenale:
Data, narnely, 1og nunber (for tttotaltt and live only) and percentage

rates (total dead or parasitized only) are shown 1n Fig. 7.3 (7). Between

mid April and early May log total number (sum of live, dead and

parasitized) dropped to the trough values of early November, i.e., from

2.2583 on L4/4/85 down to L.4822 on I2/LL/85 [see also App.Tab.7.3 (1)].
In arithnetic numbers, the trough value was only about L/6 of. the previous

hlgh value. Fron early December, starting from the very low trough value,

the log total number of red scales increased again. In about 2 months time

it reached a new high 1evel in the hottest season in the yearr to 1.8664 on

7/2/86, about a 2.5-fold increase in arithmetic number of red scale.

However, throughout the hot season, between mLd December and nid February'

the 1og total number of red scale varied within a quite narrow range.

The samples between L6/12/84 and 13/2/85 varied between 1.5651 antl 1.8365,

which was about a 1.9-fo1d difference in arithnetÍc numbers. Then, from

late February (or early March), the log total numbers of scale ínsects

increased rapidly again to the peak in the follor.v"ing mid or late April'
i.e.¡ from 1.3222 on24/2/85 to 2.2583 on L4/4/85, a 9-fold increase

[App.Tab.7.3 (1)].
The fluctuations of 1og live numbers were quite different to that of

1og total numbers [see also Fig.7.3 (7)]. Between early November and early

Decenber the log number of live scales dropped severely to near zeto.
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This kind of reduction was accompanied by an increase in total percentage

dead fron 50% up to over 952 (within these total dead rates, parasitÍzation

rate was as low as about 52) [a1so App.Tab. 7.3 (5)]. After this point in
early Decenber, 1og numbers of live scales fluctuated close to the 1og

total nunbers with a similar trend unËi1 the followíng October. Again, as

shovm in Fig.7.3 (7), a very sharp reduction in 1og number of live scales

presented between early Novenber and nid December. By contrast, there was

no such reducËion in the 1og total numbers of scale insects. The 1og

number of live 3rd instars dropped severely from 0.9981 ott 8/lL/84 down to

0.1310 on 6/L2/84 [App.Tab. 7.3 (2)] but at the same time the 1og total
numbers of scale insects did not present any slgnificant varlatlon (only

from 1.3097 down to 1.3013 [App.Tab.7.3 (1)]). This might indicate that a

high nortality of the overwintering 3rd ínstar scale occurred in mid to
late spring. As shown in Fig. 7.3 (7), this high nortality could not

possibly be caused by the Aphvtis parasítoid since the parasitization rate

showed no significant increase. The same picture ltas seen in the sprlng of

1986.

Obtained from above analyses, fina1ly, the beginning for a so-called

tt"* ssmmêr generatlon of 3rd instar red scale was established at tine in
between mid November and early December, nid and late spring.

It was noted that the highest percentage total dead (parasitized +
dead) of red scale occurred in between mid and l-ate spring; but not in the

hottest period in the year, i.g., it ranged between 53.84-98.15% in the

period of. 8/LI-6/I2/, 1984, the nid-spring and around a even loner level of
35.35-64.852 in the hottest period of 28/L2/84-24/2/85, early to
mid-summer. Also noted was that within these percentage total dead, the

parasitization rates lrere never higher tha¡ 12% but were generally lower

than 3% [App.Tab.7.3 (5)]. This night indicate: (1) the population growth

of 3rd instar red scales was not regulated by high temperatures in sumner;

and (2) in my study orchard, parasitoids could not be an effíclent agent in
the natural control on numbers of 3rd ínstar insects.

Adult fernale red scale:
Figure 7.3 (8) shows thaÈ, the percentage total dead (parasitized +

dead) presented a significant reduction from tine in between Aprll (early

autumn) til1 late October or early November; but during this period' that
the total numbers of scales synchronal-ly reduced. This night lndicate that

during this period, most of the dead scales dropped off host frults.
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Subsequently, the total number (live + dead) of scales rose again, this
indicated a neïr infestation season was started; also indicated that the

overwint,ering 3rd instar red scale is the most important source for the

infestation degree of red scale in the following year. By comparison with

the increase of total numbers of scales, the percentage total dead (dead +

parasitized) of scales rose rapidly again to a peak of about 80% in mid

Decenber. I,Iithin this increase, the percentage parasitization of scales

also presented a clear upwards trend. At that tine, the death of adult

female scales was mostly occurred by parasitism of Comperiella bLfasciata

Howard, especially duríng the hottest period between late spring and sunmer

[also App.Tab.7.3 (6) and 7.3 (8)]. For instance, between 6/L2/84 and

30/3/85, the percentage parasitízatíon rates were about 2'3 tines the

percentage dead (dead only) ratesT on 9/3/85, it reached the value about 8

times the dead rate [App.Tab.7.3 (6)]. This was quite different to that in
the 2nd and the 3rd stage in which the parasitisn had never been the main

cause of death in scales [App.Tab.7.3 (4) and 7.3 (5)].
IË was noted that in the perlod between autumn (Apr11) of 1985 to

sunmer (January) of 1986, two troughs of 1og number of adult scales were

observed for the total- scales (live+dead), as well another two for the live
scales. The first trough presented in late August (nid winter); the 2nd in
mid December (late spring). These two trough values presented before and

after a peak which appeared in between late October and mid November. This

observation night indicate that the overwintering insects, the 3rd instar
insects started to develop at time not later than early October (mid

spring). However, from the second trough, the 1og total and the log live
numbers of adult red scales synchronously rose again throughout the whole

period between late Decenber (late spring) and the following April (early

autumn) into another variation cycle [Fig.7.3'(8)].

Male red scalé:
Figure 7.3 (9) shows that, after winter, trough values of log nunbers

of live male scales were observed in between late October (early sprlng)

and mid November (nid-spring). Subsequently, both the 1og total number

(dead + parasitized) and the 1og live number of scales increased rapidly
ti1l the following April (early autumn). After April, both of them dropped

again to the trough in the following October. This increase lras believed

to indicate a start of a new annual infestation season of male red scales.

It was noted that this kind of increase (1985-86) could be divided into
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tri'o parts: the first part was observed in the period between early December

(late spring) and early February (mid-summer); the second one was in the

period between early February and mid April (mid-sunrner). That the

increase rate of the latter was nuch higher than was the former.

Accompaníng the variations of 1og numbers of male scales, the percentage

total dead (dead + parasitized) remained at quÍte low values of not higher

than 3OZ [App.Tab. 7.3 (7) ] throughout the hottest period between late
December and late February during the year. And, it was noted that during

this period, the parasites did not play any role on the natural control of

male scales. By comparison, in between nid-autumn (May) and late autumn

(June) the parasitism rates could be higher; but not higher than 13%

[App.Tab. 7.3 (7)1. This indicated, again, parasites could not be an

efficient control agent on the population growth of male insects in my

study orchard.

poDulation of red scale :

Figure 7.3 (10) shows that the 1og total number (live + dead) and the

1og live number of red scales of the whole population overall stages

fluctuated with a same trend. They started to rise in early Novenber (late

spring); reached the peak in late March (late sumner); then dropped down to
a trough value in the following October (early spring). The locus of 1og

values was looked like a bell in the period between early Novenber and the

following early October. tJithin this period, the peak value of the total
numbers of scales was about 8-13 times that of the trough values. Further'
throughout the whole experimental period, the percentage rates of the total
dead (sun of dead and parasitized) and the percentage rates of dead of red

scale fluctuated reversel-y to that of 1og numbers in a same trend: the

decrease trend presented from early October (early spring) unÈ1l late
February (mid-summers); then rose again untll the next October [also
App.Tab.7.3 (8)]. This night indicate the parasitoids of red scales had

never been an efficient control agent on the population growth of red

scale. However, as shown in Fig.7.3 (10), the parasítism rates of red

scale, which lrere assessed as the variation between the percentage of the

total dead (dead + parasitized) and the dead on1y, were never higher than

L27" (oa 3/5/84) but generally lower than 5% lalso .{pp.Tab.7.3 (8)].

For the whole
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7.3.2.3. Growch of the population of red sc¡le
7.3.2.3.1. In relation to parasitoid, A. melinus

DeBach (1969) believed thaE the variation of the percentage of total
dead (dead + parasitízed) of red scale was always correlated with a certain
percentage of parasitization. Hís example of thÍs kind of relation ís
shown below:

Z parasitism
1

5
10
25

% total dead
35
63

Obviously, such a relation denands that a high trtotal deadrr is al-ways

associated with a high parasitism of red scale. By contrast, no such

relationship was observed in the rra1l stagestt figures of my field data

[App.Tab.7.3 (8)]. Consequently, the analysÍs concentrated on the 3rd

instar scales, the most favorable stage for parasitisn. However, obtained

from Appendix Table 7.3 (5), the percentage parasitízation of 3rd instar
red scales Ìras plotted against the percentage of total dead scales, sun of
dead and parasitized, in Fig.7.3 (11). The linear regression method is
conducted to assess the null hypothesis thaË a total dead of red scale was

not a function of the parasitization. The regression coefficienÈ is not

significantly dífferent from zero and the nu1l hypothesis is not rejected.
In other words, my field data l-ed to the disagreemenÈ of DeBachrs concept

and indicated that the percentage of total dead (dead + parasitízed) of red

scale dld not relate to the percentage parasítization rates in the 3rd

instar red scales. Again [Fig.7.3 (11)], a hígh percentage total dead of
scales did not always involve a high percentage parasítization rate; the

very low parasitÍ-sm rates, i.e., either 5% or 102 parasitism could be

involved ín any of the total dead rates which ranged fron 102 up to LOOZ.

Since I believe that the survival tine of Aphvtis female wasps Ís a

function of the carbohydrate supply (see Chapter 5)' I suggest some

possibtlities to explain the differences between DeBachrs concept and my

data: In DeBachts study orchard, Aphvtis spp. t¡asps could al-ways find a

satisfactory carbohydrate source either fron nectar or from honeydew; by

contrast, neither of these sources of supply was available for wasps in my

study orchard. However, in my study, after the citrus trees flowered in
October, there were no other plants to supply nectar to ÂPhvtis. wasps

during the infestation perlod of red scale from late sprlng until

75
84
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early autumn; on the other hand, there vlere no honeydew-insects on the

citrus trees to supply honeydew to the parasites. All these factors made

it impossible for .4,. melinus to survive long enough to maintain a high
parasitization rate on red scales. As a result, A. melinus showed itself
to be a poor agent of natural control of the red scale population in my

study orchard.

7.3.2.3.2. In relation to daily nean ambÍent temperature

Methods:

This section attenpts to explain the seasonal abundance of LIVE red

scales on lenons in relation to ambient temperaturesr namely, mean,

exEremely high and extremely 1ow temperatures. Two plotting methods

associaËed with a linear regression rnethod were used as follows:

Method 1: The rate of increase, r, of the population of red scale was

plotted against extrenes of ambient temperatures. r !¡as calculated from

the 1og numbers of red scale at 2 successive sampling ti.mes, i.e., tine t
to time t+1; the formula is as follows:

r = log N(t+l) - 1og N(t)

Method 2: Log values were plotted as log N(t+l) against log N(t).

Use of Method 1 on testing relationship between

r-values and ambient temperatures.
(i) To daily nean ambient tenperatures3
r values, calculated from the 1og live numbers of red scales of each

stage [Appendix Table 7.3.(2)] are shown ln Appendix Table 7.3 (9). The r
values and the temperatures for each sampling ínterval [Table 7.3 (1)] are

used to calculate the statistics for the linear regressions of r on

temperature [see Table 7.3 (3)]. As shown in this table, equations of
these stages, namely, the 2nd noult, the 3rd (fenale) and the adult female,

were not significant; by contrast, equations for other stages and also for
the total llve scales of the whole population over all stages v¡ere

significant. These indicated that in stages of 2nd moult, 3rd and adult
female scale insects, the live numbers were not significantly varied by

mean temperature. In other words, Ëhey could survive anytime throughout

the sampling perÍod, including the winter time. Ttrey are, therefore,



222

Table 7.3 (3). Statistics of linear regresslon of the

growth raEe R, R=1og[N(t+1)/N(t)], of each sÈage of live red

scales on mean tenperature of each of the observatlon

intervals.

Stage of
red scale

Intercept Slope r P
o

c
(

T
c

lst
lst noult
2nd

2nd mout

3rd female

adult female

male

total

-L.2400
-L.28L7

-1.0735
4.6787
4.2242

-0.1409

-1.L244

-0.7168

0.0668

0.0681

0.0573

0.0369

0.0130

0.0009

0.0600

0.0389

0.3966

0.4890

0.3859

o.2982

0.1085

o.0676

o.5423

0.61 14

<0.05

<0.01

<0.05

<0.01

<0.01

18.6

18.8

18.7

18.7

19.4

1). d.f .= 32-2 = 30

2). t-tt: P)0.05

3). frC.T.rr: Critical temperature for R=0.
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possible overwintering stages; by contrast, the other stages r,rere not so.

Finally, the critical ternperatures for r=0 r,¡ere calculated; they are

also given in Table 7.3 (3) for each stage. They were all very close

together rangíng only fron 18.4 to 18.7"C. This result reveals the

possibility of being able to predict the beglnning of the annual population

growth of red scale in Adelalde, S. Australia. By comparison with the

fluctuation of daily mean tenperature [Tab.7.3 (1a)] in the I'Iaite

Institute, the annual populatíon growth of each stage of red scale

mentioned above r{'as started in Novenber and stopped in the March (not later
than April) of the following year, since during this period the daily nean

tenperature ranged between 18.1-20.5oC (was L7.2 in April).

(ii) To extreme temperatures:
Further analyses were conducted on the relatl-onships between the

r-values and extrenes of ambient temperatures. Again, the lÍnear
regression equation nethod was used to assess the null hypothesis that the

r-va1ue (Y) was not a function of extremes (X) of anbl-ent tenperatures.

Data were re-arranged fron Table 7.3 (1) for tenperatures and from

Appendix Table 7.3 (9) for r-values. The extrenes of temperature (10"C

(down to 3"C) for each sampling interval and their relevant r-val-ues are

given in Appendl-x Table 7.3 (10) while in Appendix Table 7.3 (11) the data

of extremes of T.>35oC (up to 41"C) and their relevant r-values are given.

The two thresholds of 10 and/or 35oC are about 10'C different to the lowest

and highest tenperatures recorded 1n ny study area between 1925 and 1983

(Biennial Report 1982-83, Waj-te Agri. Res. Inst). Further' as an example,

the r-values for tttotal scalett from Appendíx Table7.3 (10)' are plotted

against temperatures (10"C in Figure 7.3 (L2). The linear regressíon was

calculated as Y = 0.0717X - 0.6367 (r=0.6548;"d.f.=16, P<0.01) and is given

in Table 7.3 (4). The statistics for al-1 the other stages are also given

in Table 7.3 (4), for temperatures (10"C; similarly, ln Table 7.3 (5) are

given the staËistics for tenperatures >35oC. Analyses htere carried out

firstly for extrenes of temperatures (10"C. As shown ín Table 7.3 (4),

regressÍon equations for the lst instar, lst nouLt and nale insects were

statistically signíficant; the regression for tttotal of the populationtt was

also significant. By contrast, other stages were not significant. By

conparison with Ëhe analyses in the above sub-section (i), the possible

overwintering age structure of red scale was extended to include the 2nd

instar insects, namely, 2nd, 2nd moult, 3rd and adult stage. None of the
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Table 7.3 (4). Statistics of linear regression of the

growth rate R, R=Log[N(t+1)/N(t)], of each stage of live red

scales on extrenes of low tenperatures, T(10oC.

Stage of
red scale

Intercept Slope r P* c.T.
("c)

lst
lst moult

2nd,

2nd noult
3rd

adult female

male

total

-1 .4158

-L.2325
-0.gg3g
4.7314

-0.0496

-o.4L24

-0.8129

-0.6367

o.t7L7
0.1386

0.0963

0.0829

0.0003

0.0482

0.0807

o.o7L7

o.5265

0.5705

0.3804

o.3779

0.0125

o.2064

0.5063

0.6548

<0.05 10.1

<0.01 8.9

<0.05

<0.01

8.2
9.9

1). d.f.=18-2=16
2). x: rr-tr= P)0.05

3). ttC.T.rr: CriLical temperature for R=0.
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Table 7.3 (5). Statistics of linear regression of the

growth rage R, R=log [N(t+I)/N(t)], of each stage of 1Íve

red scales on extreme temperatures, T>35oC.

Stage of
red scale

Intercept Slope r P

lst
lst moult

2nd,

2nd moult

3rd

adult female

nale

total

-1.3032
L.O44l

2.7204

2.2908

o.4296

3.9952

2.0823

0.6809

0.0369

-0.0233

-0.0698

-0.0580

-0.0008

-0.1025
-o.0501

-0.0149

o.2266

-0.1194

-0.3032

-o.3216
-0.0440
4.4928
-o.2924
-o.2270

>0.05

>0.05

>0.05

>0.05

>0.05

>0.05

>0.05

>0.05

d.f .=I4-2=t2
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tthigh-temperaturefr regressions (Table 7.3 (5)) was significanÈ. This
indicated that extremes of temperature )35"C had no function in the

regulation of the population of red scale in my study orchard.

However, from the above analyses, another possibility for the

predíction of the beginning of an annual infestation period of red scale is
that the daily minimum should have reached about 8.5oC. This value was the

mean of the threshold ternperatures for r=0 for lst fnstar and lst noult
instar red scale [Table 7.3 (4)]. However, daily ninima below 8.5oC cause

a significant mortality in red scales. Accortlingly, the annual population
growth of red scale in the tr/aite Institute, Ís estimated to begin in
Septenber and to end in June [Tab.7.3 (1a)]. This range l-s wider than that
(Nov. to April) in section (1); it is quite close to the annual infestation
period (Oct. to Aug.) in this ínstitute (see section 7.3.2.1).

Use of Method 2 to test the variation of the growth rate
(r) of a red scale population.

Method 2 was Moranrs (1950) plotting nethod for the analysis of aninal
population dynamics, especially for the single-factor analysis in
population dynamics (Morris, L959, L963; Southwood, L967; Rogers, L979).

Atkinson (1983a) used this nethod to estimate the natural nortality related
to environmental facÈors in a population of red scales in the hot low lands

of Swaziland and the eastern Transvaal. However, the Moran method r+as

originally used for the variation of a population from generation to
generatÍon. Unfortunately, I have not got enough data on the variation of
red scale numbers fron generation to generation, only the variatlon fron
one sanpling interval to the next which was about 95 day-degrees (>12'C),

only one fifth of the required day-degrees for the conpletion of one

generation for red scale. Nevertheless I have used Morants nethod to
deternining growth in densíty Índependent nortality acting on red scale
population under natural conditions. However, the log number of tttotaltt

live scal-es of all stages of the population at t,ine t+l in each observation

interval [App.Tab.7.3 (2)] is plotted against that at time t in Fig.7.3
(13)-4. 'Linear regression was agaÍn used to establish a nodel of the

relationship and the equation is estimated as Y=0.0960{.9707X (r=0.8763,

d.f.=30r P<0.01) and is given in Table 7.3 (6). However, statistics for
the linear regression equations for each stage of live scales are given in
Table 7.3 (6) respectively. All the regression equations were

statisticaLly significant. This indicated thaÈ in ny study orchard the

number of each stage of red scale was regulated not by densÍty-dependent

but by density-independent factors.
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Table 7.3 (6). Statistics of linear regression of Log

N(t+l), Log numbers of each stage of Live red scales at tine
t*1, on Loe N(t).

Stage of
red scale

Intercept Slope r P

1st
lst noult
2nd,

2nd noult
3rd

adult fenale
nale

total

0.5367

0.2533

o.4L24

o.2695

0.481s

0.3693

o.2390

0.0960

0.6878

0.9065

0.6696

0.7840

o.6522

0.6940

0.9602

o.9707

0.6487

o.773r
0.6335

o.7373

0.6066

0.6705

0.9099

0.8763

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

d.f .=32-2=30
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Furthermore, looking back aL the variatíon of data plotted in Fig.7.3
(13)-4, it was clear that the trend of an ascending spiral developnent of
the population growth was observed to fit the above analysis. The locus of

this rrspiral developmentrr was separated by the l1ne of the linear
regression equatíon into two parts: positive r-values in summer time on the

upper part and negative r-values in autunn and winter on the the lower

part. The starting point for the positive r-values in spring time were on

or nearly on the regression line [see poÍnt 5 and point 23 ín Fig.7.3
(13)-Al. These points indicated the differences of threshold numbers of
overwintering red scales. Eowever, from Fig.7.3 (13)-4, the above

mentioned difference between two springs, 1985 and 1986, is idealized and

shown as the distances between A and B on the X axis or between C and D on

the Y axis in Fig.7.3 (13)-8.
However, I hope thaÈ this nodified ttMoran plot nethodrr could help to

reach an understanding on the population regulation of red scale under

natural conditions.
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CHAPIER 8. GENERÄL DISCUSSION

8.1. On Population Regulation of Red Scale

Any rise and decline of the population of a species is dependent on

its environnent. The relationship between a species and its environment

can be summarized by the following flow chart (H.F. Chao, pers. comn.):

l"ficro-climate

I
NaFood from

host plants --+Tarsetr-nsect enem1es

Farming system

Shown in this flow chart, Ehe influence of natural enemies on the

population regulation of the rrtarget insecttt is more variable than other

factors. So, for a practical purpose of biological pest control, one must

know (1) the reproductive potential and the reproductive ability and (2)

the survival potential and the survival ability for both the |ttarget

insectft arrd,f ot the |tnatural enemyrr. The rrpotenËialrr is the maximun, in

number of offspring or survival duration, which one female can reach under

optimurn environmenLal conditions; by contrast' the trabilityrr is the

offspring and/or survival time of a fenale in less favourable conditions.

Consequently, a ttgood parasiteft is expected to have a high reproductive (or

survival) ability as close as possÍble to its reproductive (or survival)

potential at any natural condition.
Many researchers have studied California red scale and its Aphvtis

enemies with respect to the reproductlve and/or survival potential of these

insects. By contrast, I concentrated on the studies of the reproducLive

and/or survival ability. My study has attempted to examine (a) the

extremes of temperatures on the survival of red scal-e and its parasite

A. melinus, (b) the factors affecting the degree of control exercised by

A. melinus on red scale and (c) the estimation of the influence of extrene
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temperatures and A. melinus on the infestation of red scale on lemons in
the orchard (Chapters 4, 5 and 7).

As wel1, I have tried to suggest how an improved farming system' e.g.

growing plants to provide flower nectar for parasites as food, would

improve the biological control of red scale by A. melinus (see Chapter 6).

I conclude that (i) in the lrraite Institute Orchard, red scales live under

optimum Lemperature conditions for survival and (íi) in this orchard,

A. melinus is not an effective control agent on the population growth of

red scale (see Chapter 7).
However, in the orchard of the hlaite InsLiEuLe, particular attention

was paid to the first and second increase-inÈervals (denoted as ICIT) for
red scale population growth at the beginning of the annual infestation
period. Study of these ICITs should give information about the

overwintering stages of red scale whích would al1ow one t,o plan the control
of red scale by A. melinus. These ICITs initiated a persistent increase in

þg number of live scales of each stage; they are re-arranged in Figure

8.1 (1) for each.stage: in rrArr for 1984-85, and ín rrBrr for 1985-86- In

1984-85 there was only one ICIT in the spring and early summer (October to

December 1984) and the population started from a very low level' near zero'

aft,er the winter decline in numbers [App.Tab.7.3 (2)]. By contrast, in
1985-86, the 3rd instar and adult (fenale) stages each had two ICITs: the

first between late August and early October (mid-winter to early spring);

the second from mid November to early December (mid-spring to late spring)

for 3rd instars and from mid December to early January (late spring to

early summer) for adult red scale. In 1984-85, the ICIT of 3rd and adult

stage red scale presented after the ICIT of the whole population (overall

stages). This might indicate that these red scales came mainly from the

young scales of the so-called spring generation but not from Ëhe

overwintering red scales of 1984. By contrast, I believe that the first
ICIT in 1985-86 involved the survivors of the overwintering younger stages,

namely, 2nd instars and 2nd noult instars; the second ICIT involved the

offspring of the first. However, all these led to a further suggestion

that between late August and early October is a very inportant period for
the natural control of red scal-e by A. melinus in this study orchard.

During this period the parasitoids, if present in sufficient number' can

have a very great effect on the population of red scale, killing not only

the spring brood but also large numbers of trmotherrr scales, the

overwintering individuals. Unfortunately, ín ny study orchard' the
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Figure 8.1 (1). PresenLation time of the so-caIled ICIT

increase interval (-**-) in 1og numbers .of live scales of
each stage. Where, E.=early, M.=mid, L.=late.

Stage of
red scale

August October November December January

L. E. M. L. E. M. L. E. M. L. E. M. L.

GI 1e84-8s

Population
lst instar
lst moult
2nd instar
2nd noult
3rd instar
Adult
Male

(qL 1e8s-86

population
lst instar
lst moult
2nd instar
2nd moult
3rd instar
Adult
Male
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parasitoids could not parasiÈise enough red scales to effect control [see

Fig.8.L (2)] during this period. It is possible that, in the previous

season, the number of. 2nd instars dropped too early (from mid-april) when

the parasiÈization of red scale was at its yearly peak. The parasitoids

energing after this peak could not find suitable hosËs to maintain a high

population of Aphvtis. Then, after overwintering, the parasitoids further

lost suitable hosts as the 3rd instars moved into the adult stage. Such

argunents tend to agree with the concept that the scarcity of suitable

hosts at certain tines of the year may limit the efficiency of AphVtis by

reducing the chances of the parasite achieving its reproductive potential

(Mclaren 197L, Mclaren and Buchanan 1973).

Similar to D.A. Maelzerrs (unpubl-ished data) results, obtained from

the field experíments in Loxton, S. Australia, my field data indicate that

3rd instar scale insects were the most inportant overwintering source for

the following spring infestation season, being the largesL class of the

stage distribution of the overwintering population IAppendix Table 7.3

(2)]. Consequently, I recommended September (in ny study orchard) as a

critical period for the biological control of red scale. If A. melinus

wasps were to be released between September and early November, these htasps

could depend on the citrus flower nectar to ext,end their longevity'

searching efficiency and host-feeding on spring scale insects since nectar

has been shown to be as good as honey in these respects (see Chapter 5).

8.2. On Estimation of the Influence of Aphytis on

the Natural Control of Red Scale

The exclusion method (DeBach and Huffaker L97L) uses paired cells' one

open, one closed, to estimate the effect of natural eneniesr especially

wasp parasitoids. The heavy infestation of red scale in the closed ce11

was thought to be due to the excluslon of parasites. However, my

laboratory studies have revealed that the control ability of parasitoids is
a function of food (carbohydrate) supply. I,¡ithout carbohydraLe food

supply, it is always far lower than the potential control influence (see

Chapter 5). So, what is the principle of the Aphvtis spp. on biological

control of red scale in nature? Based on my results (Chapter 5) ' I suggest

a modified cage-experiment using a natural population of red scale to

ansvrer this question. Three cages (treatments) nust be used: one open cage

and Ewo closed cages. In one of the closed cages, a carbohydrate food ís

provided for the newly emerged parasites for their survival. I believe
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that this technique can show either the effect of parasitoids on biological

control of the scale insect or the influence of food on the control ability
of parasitoids. IL is assurned that in the other closed cage (with no

carbohydrate food) the newly energed Aphvtis parasítoíds cannot live long

enough to control the population growth of red scale. The figures below

night support these suggestions:

Insect Food Temp.
supply ("C)

(or host)

Lon. Repr.per adult Author
(day)

Daily Total

1:4.M.

2:4.M.

No food 25

Honey
Honey

20
25

1.8

54.r
29.8

L05.2

153.3
123.3

27.4

0.3

1.0
2.L

1.3

1.5

0.6 Section 5.1

3: CRS

4:CRS

L.F.

5:CRS L.F.

6:CRS Pump. 25 >30 2.4 72

Abdelrahman L974
Abdelrahman L974

Yust 1943; orchard

Ifillard, 1972
hlillard, 1972

Zhao, unpublished
field data; summer'
1986*.

Section 4.3

c.L.D.
c.L.D.

s4
63

20
25

0
4

1

1

t37

1s3
173

382L.7

where, Lon. : reproductive days.
Repr.per adult.: reproduction per female adulL.

: A. melinus.
: California red scale.
: lemon fruit.

C.L.D.: citrus leaf disc.
Punp. : butternut punpkin.
*: see Appendix Table 8.2 (1).

The total reproduction per adult red scale ranged from 38 up to 173 aE

tenperatures between 20 and 25oC. On the other hand, it was about one for

A. nelinus which had not been given access to honey as food. Obviously'

the very high reproductive ability of red scale makes it inpossible for the

A. melinus to put the population grovlth of red scale under control.

Consequently, I believe, in the closed cage with a carbohydrate source, the

parasitoids can surely put the red scale under control sínce the parasites

have a similar daily reproduction rate to their host red scales. However,

I believe DeBach-Huffakerts paired-cell technique can be modified to assess

the real ability of parasites to control red scale, sinply by placing a

A.M.
CRS

L.F.

(1)
(2)
(3)
(4)
(s)
(6)
(7)
(8)
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carbohydrate food in the closed cell.

8.3. Control Strategies of Aphvtis on Red Scale-

Some earlier studies suggest that for A. melinus, there is a scale

size below which fenale eggs will not be laid (Abdelrahman L974). Luck eE

aL (L982, 1985) and Opp & Luck (1986) believed that allocatíng more males

than females to smaller hosts is a frequent phenomenon in this species as

well in other parasitic llynenoptera (Clausen 1939, Sandlan 1979, Charnov et

al 1981). Opp and Luck suggested: (a) a daughterts (parasitoids) body size

is determÍned by host size, (b) body size is related to a femalers

potential reproductive success and (.) . fernalers reproductive success is
more affected by its size than is that of the male. Following these, I
believe that the relationship (between parasíte síze/sex and the size of

the host scale) could be one of the important reasons for the failure of

A. nelinus to control red scale in the l,Iaite Institute Orchard. In this
orchard, the lemon trees were getting sicker and sicker throughout my

experimental period due to the damage which had been done by the heavy

infestaËion of red scale. The sicker trees offered poorer nutrition for
red scales; as a result, the scales, especially the 3rd instars, became

smaller than normal. The final result of this cunulative process is the

disappearance of the influence of A. melinus on the natural control of red

scale.
Since extremes of tenperatures have little influence on the population

regulation of red scale in the hlaite Institute Orchard (see Chapter 7), I
believe the natural enemy A. melinus is the nost important factor on the

natural control of red scale in Adelaide. ConsequenËly' I suggest that

future studi-es must be done on the relationship between reproduction and/or

survival ability of this parasite and its environment. My experinents have

already given some suggestion for improving the control ability of

A. melinus, namely, (I) the improvement of the farming systen by providing

a carbohydrate food for A. melinus, e.g. artificially placing (nust be

protected fron other insects) some honey in the orchard; periodically

growing some cover herb plants to produce the flower nectar (see Chapter

6); or, possibly, releasing or infesting some citrus insect whích is a

honey-dew producer if this insect could be easÍly controlled, and (II) the

rejuvenation of the quality of the parasitoíd population ln nature.

In my experimental orchard, the overwintering stages are 2nd' 3rd and

adult female instars (see Chapter 7). So there is a certain period at the
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beginning of a new annual infestation season of red scale, after all the

overwintering scales have become adults, when A. melinus may have

difficulty in finding host scales of a suitable size. If Luckrs suggestion

is true, then, during the spring period in the I'laite Institut.e Orchard'

nost of the scales are too young (see Chapter 7) for parasiLism or just

suitable for parasites to lay male eggs; most of these young scales are

suitable for host-feeding only. Killing scales by the ovipoéition of male

parasites and by host-feeding, could delay the appearance of 3rd instars of

suitable size in the spring and would further delay or even lead to the

failure of the build-up of the population of the parasite itself.
So suggestion (II) could involve t$ro strategies. The first is to

release and/or kil1 parasites at appropriate times in the annual

infestation cycle of scale to keep the natural population of the parasites

remaining at the optimum condition. For instance, in the spring

infestation perÍod of red scale, kill parasites and keep the population of
the parasite at a low level to reduce the host-feeding influence and also

reduce the rati-o beÈween male and female parasites in the offspring of
parasites; the additional parasites will not be released until summer when

a certain size of the populaÈion of 3rd ínstar red scale have built up.

The second strategy is based on the improvenent of the health of trees.
Trees in better condition can produce bigger 3rd instar red scal-es.

Consequently, the bigger scales can produce a healthy population of
A. melinus in summer and put red scale under control during the period of

summer-autumn.
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. Âppendix Table 2.2 (L). Above-skin temperature (AS T)' on

both the eastern (E) and western (tü) side of the canopy, in
oC resulting from thernocouple sensors lmm above Èhe skin of

lemons on a tree on a typi.¿l summêr day (4/2/83). Also

given are the ambient temperatures (AT) in the Stevenson

Screen.

Tíme ASTon: Deviation of T between: AT

E hI E 'and hr AS and AT

0700
0800
0900
1000
1100
1200
1300
1400
1500
r600
1700
1800
1900
2000

-1 .5
3.0

11.0
L4.5
L2.O
15.0*
L2.O
11.5
6.0

10.75
10.75
L2.75
7.5

-1.0

.25

.75

.0

.75

.0

.0

.5

.5

.0

.0

1

5
L2
16
13
r4
72
11

-5
-r2
-L2
-15
-10
-2

16.5
22.5
32.O
38.0
38.0
41.0rT
39.5
41.0*
30.5
28.25
28.25
28.25
26.5
24.s

15.0
t6.75
t9.75
22.0
24.75
26.25
27.5
29.25
35.5
40.25
40.75
43.75x
36.5
26.s

.5

.75

.25

.0*

18.0
19. s
2L.O
23.5
26.0
26.O
27.5
29.5
29.5
29.5
30.0
31 .ors
29.0
27.5

(1). *: extreme values.

(2). The extremely high temperatures in the sunlight,
obtained from thernocouple sensors, were observed at
tine:

1125II East: 4I.75"C (while ltlest: 25.75"C
1745H hrest: 45.50"C (while East: 29.25"C

)
)

(3). The deviation between the maximum ambient temperature
and the extrenely high sensor-temperature rras as:
12.75"C at 1800H.



2/n2

Appendi:r Table 4.2 (1-N). Numbers of red scale of Cohort 1

on north of the canopy; startedr 29/I/L983

Sampling: Observed nunbers of scales for stage:

no¡ date hl.C. lst 2nd' male 3rd adul-t tota1

1

2
3
4
5
6
7
8
9
10
11
L2

3I/L
14/2
28/2
14/3
28/3
LT/4
26/4
e/s
23/s
6/6
20/6
3/7

272
272
151
91
59
30
28
24

272
272
151
91
s9
30
28
24

15
T2
B

1919
15
t2
8

Appendix Table 4.2 (1-S.). Numbers of red scale of Cohort
1-õn south of the canopy; startedz 29/L/L983.

Sampling: Observed numbers of scales for stage:

no. date hl.C. lst 2nd, nale 3rd Adult total

1

2

3
4
5
6
7
I
9
10
11
T2
13

3L/I
14/2
28/2
L4/3
28/3
LT/4
26/4
e/s

188
57 t+3 72
27 43# 18 27
25 43 10 27
25 43 10 27
2343927
2L43627
lemon dropped off

27
6
6
5
2

2L
2L
2l

188
172
L42
L32
r32
L28
r202l

Z rates: male= 27/L88 = 14.36
female= 2L/L88 = 11.17
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Appendix Table 4.2 (I-,8.). Numbers of red scale of Cohort 1

oir-east of the canopy; startedz 29/I/1983.

Sampling: Observed numbers of scales for stage:

no. date I'I.C. 1st 2nd male 3rd Adult total

1

2
3
4
5
6
7
8
9
10
11
L2
13

3IlL
L4/2

343
lemon dropped off

Appendix Table 4.2 (1-t{.). Nunbers of red scale of Cohort I
on-"""t of the canopy; started: 29/L/I983

Sampling: Observed nunbers of scales for stage:

noo date I{l.C. lst 2nd nale 3rd adult total

1
2
3
4
5
6
7
I
9
10
11
L2
13

3t/r
L4/2
28/2
L4/3
28/3
Lr/4
26/4
e/s
23/s
6/6
20/6
3/7
17 /7

192
L78
110
r02
r02
to2
69
t2
T2
t2
12
L2
T2

192
178
110
LO2
LO2
ro2
69
L2
t2
L2
T2
L2
L2
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Appendix Table 4.2 (2-N.). Numbers of red scale of Cohort 2

oñ-north of the canopy; startedz 6/2/L983.

Sampling: Observed nunbers of scales for stage:

no. date I^I.C. lst 2nd male 3rd adult total

1

2
3
4
5
6
7
I
9
10

8/2
2s/2
IL/3
2s/3
rs/4
sls
26/s
8/6
22/6
6/7

77
60
22
19
T4
L2

77
60
22
19
T4
I2

I2
9
7
7

L2
9
7
7

Appendix Table 4.2 (2-5.). Numbers of red scale of Cohort 2

on south of the canopy; startedz 6/2/1983.

Sampling: Observed numbers of scales for stage:

no¡ date Irr.C. lst 2nd, nale 3rd adult total

1

2
3
4
5
6
7
I
9
10

8/2
2s/2
IL/3
2s/3
rs/4
s/s
26/s
8/6
22/6
6/7

98
22964
22 9 32rk 15
1993215
1534215
1534210
l-emon dropped off

3
3
3

3
0
0
0

98
95
81
78
78
73

7" ralue? mele= 15/98 = 15.31
female= 3/98 = 3.06
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Appendix Table 4.2 (3-N.). Numbers of red scale of Cohort 3
o-n-north of the canopy; startedr L5/2/I983.

Sampling: Observed numbers of scales for stage:

noo date I'l.C. lst 2nd nale 3rd adult total

1

2
3
4
5
6
7
8
9
10
11
L2

17 /2
27 /2
L3/3
27 /3
ro/4
24/4
rc/s
24/s
8/6
22/6
6/7
20/7

79
37
37
37
37
24
22
22
L4
L4
8
I

2
1

1

I
1

1

1

1

1

5
5*
5
5
3
3
2
2
2
1

I4
5
3*
2
2
2
2
2
2
2
2

3
3
3
3
0
0
0
0
0
0
0

1

1

1

1

0
0
0
0

79
s4
50
50
49
32
29
29
19
19
13
I2

7. taEe¿ male= 5/79 = 6.33
female= I/79 = I.27

Appendix Table 4.2 (3-S.). Numbers of red scale of Cohort 3

on-south of the canopy; startedz L5/2/L983.

Sanpling: Observed numbers of scales for stage:

noo date I4I.C. lst 2nd, nale 3rd adult total

1

2
3
4
5
6
7
I
9
10
11
T2

t7 /2
27 /2
13/3
27 /3
rol4
24/4
rc/s
24/s
8/6
22/6
6/7
20/7

72
32
29x
15
13
13
13
13
13
13
13

108
LO7
90
80
55
36
32
32
32
29
26
24

108
11 13
11 13
13 13
13 13
09
09
09
09
06
04
04

20
20.t<

9
9
6
6
6
6
6
6

2
2
2
I
1

1

1

1

0

3
3
3
3
3
3
3
3
2
1

7" rate; male= 2O/LO8 = 18.52
female= 2/IO8 = 1.85



2/*9

I
2
3
4
5
6
7
I
9
10
11
L2

17 /2
27 /2
L3/3
27 ls
Lo/4
24/4
LO/s
2t+/5
8/6
22/6
6/7
20/7

82
62
56'*
35
20
18
13
13
13
13
13

Appendl-x Table 4.2 (yE.). Numbers of red scale of Col

oã-east of the canopy; started¿ I5/2/I983-

Sampling: Observed numbers of scales for stage:

noo date hI.C. lst 2nd male 3rd adult total

138
94
93
81
55
39

28
26
26
26

17 /2
27 /2
L3/3
27 /3
ro/4
2t+/4
10/s
24/s
8/6
22/6
6/7
20/7

83
76
7I
7I
66
60
56

35

22

2
2
2
I
0
0
0
0
0

138
48
28
26
06
06
06
06
06
06
06
04

L74
11.* 4
102
92
82
72
70
70
70
50

7" tatez male= L7/L38 = L2.32
fenale= 2/138 = 1.45

Appendix Table 4.2 (3-I{.). Nunbers of red scale of Cohort
on-west of the canopy; startedz l5/2/L983.

Sarnpling: Observed nunbers of scales for stage:

no¡ date f'¡.C. lst 2nd nale 3rd adult total

I
2
3
4
5
6
7
8
9
10
11
T2

83
82
77
77
66
60
s6
52
46
36
34
L2

6
6
6tr
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

52

L2

46
36
34
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ÂppendixTable4.2(IFN.).NunbersofredscaleofCohort4
on north of the canopy; startedz 22/2/L983.

Sampling: Observed numbers of scales for stage:

no. date W.C. lst 2nd male 3rd adul-r total

3
0
0
0
0
0
0
0
0
0

84
22
15
L2
9
9
6
6
6
6
6

I
2
3
4
5
6
7
I
9
10

22/2
4/3
L4/3
28/3
L4/4
2s/4
12/s
26/s
e/6
23/6
7/7
2L/7
Ls/8

2
1

1

0
0
0
0
0
0
0

0
0
0
0
0
0
0

I
1

1

1

1

1

1

84
27
16
13
10
10
7
7
7
7
711

L2
13

lemon dropped off

Appendix Table 4.2 (4-5.). Numbers of red scale of Cohort 4

on-south of the canopy; startedz 22/2/1983-

Sampling: Observed numbers of scales for stage:

no. date !rI.C. lst 2nd male 3rd adult total

1

2
3
4
5
6
7
I
9
10
11
L2
13

22/2
4/3
14/3
28/3
L4/4
2s/4
L2/s
26/s
e/6
23/6
7/7
2r/7
Ls/8

62
62
31
T2
rtiÉ
11
11
11
11
11
10
10

27
27
27rÉ
27
27
27
26
26

77
62
62
59
57
56
56
s6
56
54
54
42
42

1

T4
4
3
3
3
3
3
3
3

2l
2L

0
0
0
0
0
0
0
0
0
0
0
0

77
0
0
0
0
0
0
0
0
0
0
0
0

4
T4
15
15
15
L4
T4
8
I

7. raEea male= 27/77 = 35.06
female= L5/77 = 19.48
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Âppendix Table 4.2 (4-8.). Nunbers of red scale of Cohort 4

oir-east of the canopy; started:. 22/2/L983.

Sanpling: Observed numbers of scales for stage:

noo date hI.C. lst 2nd mal-e 3rd adult total

22/2
4/3
14/3
28/3
L4/4
2s/4
12/s
26/s
e/6
23/6
7/7
2t/7
Ls/8

1

2
3
4
5
6
7
I
9
10
11
L2
13

4
8
6tK
4
4
4
2
2
2
2

2l

78
75
43
32
26
26
26
26
19
19
19
19

0
0
0
0
0
0
0
0
0
0
0
0

59
2
0
0
0
0
0
0
0
0
0
0
0

I
22
22* 22*
2T
2L

20
19
19
19

3
9
9
9
9
9
9
9
9

9s
80
76
69
6s
63
60
60
60
50
49
49
49

7" tat.ez male= 22/95 = 23.16
fenale= 9/95 = 9.47

Appendix Table 4.2 ([-rt.). Numbers of red scale of Cohort 4

on west of the canopy; startedz 22/2/1983.

Sampling: Observed nunbers of scales for stage:

no. date hI.C. lst 2td male 3rd adult total

1

2
3
4
5
6
7
I
9
10
11
L2
13

22/2
4/3
t4/3
28/3
14/4
2s/4
12/s
26/s
e/6
23/6
7/7
2L/7
rs/8

L02
51
5I
47
40
23

toz
51
51
47
40
23
18
18
18
18
18

18
18
18
18
18
L2
lemon dropped off

L2
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Appendix Table 4.2 (5-N.). Numbers of red scale of cohort 5

on-north of the canopy; started2 2/3/1983.

Sampling: Observed nunbers of scales for stage:

no. date Iü.C. lst 2nd, male 3rd adult total

I
2
3
4
5
6
7
I
9
10
11
12

3/3
L3/3
28/3
t4/4
28/4
L6/s
26/s
e/6
23/6
7/7
2L/7
Ls/8

76
71
34
27
16ì¿
15
15
T2
I2
L2
T2

11
10
7
6
3
2
2
0
0
0
0

96
1

0
0
0
0
0
0
0
0
0
0

202
272
32# 6
31 1

30 I
30 1

30 1

30 I
30 1

5
5
5
5
5
l+

96
88
81
63
62
57
54
53
48
48
48
47

7. ratel male= 32/96 = 33.33
female= 5/96 = 5.2I

AppendÍx Table 4.2 (5-S.). Numbers of red scale of Cohort 5

on south of the canopy; started: 2/3/1983.

Sampling: Observed numbers of scales for stage:

no. date W.C. lst 2nd, nale 3rd adult total

1

2
3
4
5
6
7
I
9
10
11
T2

3/3
L3/3
28/3
Lt+/4
28/4
16/s
26/s
e/6
23/6
7/7
2r/7
Ls/8

1

34
19
L7
6*
6
6
6
6
6
2

57
37
35
23
23
18
18
18
18
18
18
13

0
I
I
8
I
I

2
9
9
1

1

1

1

1

4
4
3;F
3
3
3
3
3
2

53
0
0
0
0
0
0
0
0
0
0

57
1

1

0
0
0
0
0
0
0
0
0

7" rate: male= 4/57 = 7.O2
female= 8/57 = 14.04
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Appendix Table 4.2 (6-N.). Nunbers of red scale of Cohort I
on north of the canopy; startedz 24/L/L985.

Sampling: Observed scale numbers for stage:

no. date hI.C. lst 2nd male 3rd adult total

64
23
T6
16
16
13
11
11
11
0

5
4
4
4
3
3
2
2
0

1

2
3
4
5
6
7
8
9
10

2s/L
L/2
8/2
Ls/2
23/2
r/3/
8/3
20/3
2s/3
Ll4

64
18
12
T2
L2
10
I
I
I
0

Sampling: Drop-off nunbers of scales for stage:

noo date üI.C. lst 2nd male 3rd adult total

25/L
Ll2
8/2
rs/2
23/2
r/3
8/3
20/3
2s/3
tl4

0
4
7
0
0
3
2
0
0
1

1

0
0
1

0
0
0
2

0
4L
6
0
0
2
2
0
0
8

1

2
3
4
5
6
7
8
9
10

1

0

total s94 63
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Appendix Table 4.2 (ffi). Nunbers of red scale of Cohort 1

on-south of the canopy; startedz 24/L/1985.

32
254
244
22* 4*
153
133
103
103
93

85
44
20
16
16
13
11
I
8
6

1

2
3
4
5
6
7
I
9
10

Sampling: Observed scale numbers for stage:

tro. date hl.C. lst 2¡d nale 3rd adult total

25/L
U2
8/2
rs/2
23/2
r/3
8/3
20/3
25/3
rl4

Sampling: Drop-off numbers of scales for stage:

1

I
1

1

I

B5
76
49
44
44
32
28
22
22
19

no. date W.C. lst 2nd male 3rd adult total

0
9
273

1

0
9
2
3
0
1

1

2
3
4
5
6
7
8
9
10

0
9
24
4
0
3
2
3
0
2

2slL
L/2
8/2
Ls/2
23/2
L/3
8/3
20/3
2s/3
L/4

5
0
L2
4
6
0
3

66total 47 L9
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AppendLx Table 4.2 (Gtl.). Numbers of red scale of Cohort 1

on-west of the canopy; startedz 24/l/1985.

Sampling: Observed scale numbers for stage:

ooo date W.C. lst 2nd male 3rd adult total

1

2
3
4
5
6
7
I
9
10

2slL
r/2
8/2
Ls/2
23/2
L/3
8/3
20/3
2s/3
rl4

26
6

85
49
4L
37
34
30
26
26
26
6

85
49
4T
37
34
30
26
26

Sampling: Drop-off numbers of scales for stage:

noo date hl.C. lst 2nd nale 3rd adult total

0
36
I
4
3
4
4
0
0
20

0
36
I
4
3
4
4
0
0
20

2s/r
U2
8/2
Ls/2
23/2
r/3
8/3
20/3
2s/3
L/4

1

2
3
4
5
6
7
8
9
10

total 79 79
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Appendix Table 4.2 (7-I{.). Nunbers of red scale of Cohort 2
on north of the canopy; started¿ 3I/l/L985-

Sampling: Observed scale numbers for stage:

noo date fil.C. lst 2nd nale 3rd adult total

r t/2
2 8/2
3 Ls/z
4 23/2
s L/3
6 8/3
7 20/3
8 2s/3
9 t/4
10 8/4

92
23
22
2T
20
19
18
t7
t7
L4

43
19
18
11
9
6
6
6
5

3
2T
25rk
25
24
24
13

24
2L
7*
3
3
3
3
2

92
66
65
63
60
57
53
51
51
35

*
1

1

1

1

I
1

Sampling: Drop-off numbers of scales for stage:

no. date l,ü.C. lst 2rrd' male 3rd adult total

0
26
1

2
3
3
4
2
0
16

1

0
11

0
0
1

1

2
2
3
0
0
1

0
26
1

1

1

1

1

1

0
3

I
2
3
4
5
6
7
I
9
10

L/2
8/2
rs/2
23/2
L/3
8/3
20/3
2s/3
L/4
8/4

total 359112 57
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Appendix Table 4.2 (7-S.). Numbers of red scale of Cohort 2

oi-south of the canopy; startedz 3L/L/L985.

Sampling: Observed scale numbers for stage:

no. date I,t.C. lst Znd male 3rd adult total

65
35
32
28
28
27
27
27
27
26

5
6*
6
6
6
6

8
2¿þ
I
0
0
0
0

30
9
5
5
5
5
5
5
5

6s
5
5
5
5
4
4
4
4
3

1

2
3
4
5
6
7
I
9
10

18

L/2
8/2
Ls/2
23/2
L/3
8/3
20/3
2s/3
L/4
8/4

1

1

1

1

10
11
LL/É
11
11
11
11

Sanpling: Drop-off numbers of scales for stage:

no. date I^I.C. lst Znd male 3rd adult total

0
30
3
4
0
1
0
0
0
1

3
4
0
0
0
0
0
0

0
30
0
0
0
1

0
0
0
1

I
2
3
4
5
6
7
I
9
10

r/2
8/2
Ls/2
23/2
r/3
8/3
20/3
2s/3
t/4
8/4

39total 327
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Appendix Table 4.2 (]-J¡/'.). Numbers of red scale of Cohort 2

oir-west of the canopy; started at3I/L/I985.

Sampling: Observed scale numbers for stage:

noo date ilr.C. lst 2nd nale 3rd adult total

10
9
8*
4
3
3
3
3

15
7
6
6
6
4
4
4
3

47

1

2
3
4
5
6
7
I
9
10

r/2
8/2
Ls/2
23/2
L/3
8/3
20/3
2s/3
r/4
8/4

105
64
61
60
55
53

43
33
23

1

2
6
7
7
7
7

7L

105
79
78
76

69
6L
57
47
36

.t

Sampling: Drop-off numbers of scales for stage:

no. date hl.C. lst 2nd nale 3rd adult total

1

2
3

4
5
6
7
I
9
10

t/2
8/2
ts/2
23/2
r/3
8/3
20/3
2s/3
rl4
8/4

0
26
1

0
5
2
6
4
10
10

2
0
0
2
0
0
1

0
26
1

2
5
2
8
4
10
11

total 64s 69
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Âppendix Table 4.2 (8-N.). Nunbers of red scale of Cohort 3
on-north of the canopy; startedz 8/2/L985.

Sampling: Observed scale numbers for stage:

no. date I'I.C. lst 2nd, male 3rd adult total

I6
9
4
3
3
2
1

1

81
20
20
20
18
18
L7
t4
13
4

1

2
3
4
5
6
7
I
9
10

e/2
L6/2
23/2
2/3
e/3
20/3
2s/3
Ll4
15/t+
22/4

35
19
18
18
13
13
t2
10
5

47:r<

7

9
9
9
I
I
6

3
4
3
2
I
1

81
55
55
54
52

45
39
34
18

1

1

I

Sampling: Drop-off numbers of scales for stage:

no. date hl.C. lst 2td male 3rd adult total

e/2
16/2
23/2
2/3
e/3
20/3
2s/3
Ll4
Lsl4
22/4

0
26
0
0
2
0
1

3
1

9

1

2
3
4
5
6
7
I
9
10

0
26
0
1

2
5
2
6
5
16

1

0
1

0

0
1

0
2

0
I
1

0

1

0
5
0
1

2
5

total 42 lt+23 2 63
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Appendlx Table 4.2 (8-8.). Nunbers of red scale of Cohort 3

on east of the canopy; started z 8/2/L985.

Sampling Observed scale numbers for stage:

no. date I4l.C. lst 2nd male 3rd adult total

79
4L
37
35
33
20
18
L6
11
10

T2
6
0
0
0
0
0
0

20
7
7
7
6
4
4
2
2

1

2
3
4
5
6
7
8
9
10

e/2
L6/2
23/2
2/3
e/3
20/3
2s/3
Ll4
rs/4
22/4

79
2T
18
L6
T4
2
2
2
2
I

6
11 1

1l*( 1

11 1

91
61
61

Sanpling: Drop-off numbers of scales for stage:

no. date W.C. lst 2nd male 3rd adult total

0
38
4
2
2
13
2
2
5
1

2
3
0

0
0
0

1

2
0
2
0

0
38
4
2
2
l2
0
0
0
1

1

2
3
4
5
6
7
8
9
10

e/2
16/2
23/2
2/3
e/3
20/3
2s/3
Ll4
rs/4
22/4

total 59505 69
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Appendix Table 4.2 (8-I{.). Numbers of red scale of Cohort 3

on-west of the canopy; started; 8/2/1985.

Sampling: Observed scale numbers for stage:

no. daËe Itl.C. 1st 2nd, male 3rd adult total

9
6:tc
6
6
6
5

49
15
t4
L4
10
9
9
8
I

18
t4
9
5
2
2
2

1

2
3
4
5
6
7
8
9
10

e/2
L6/2
23/2
2/3
e/3
20/3
2s/3
Ll4
ts/4
22/4

109
24
2L 33

24

109
73
69
65
6r
51
44
40
39
38

9
24
25,t 1

230
220
220
220

1

1

1

1

Sanpllng: Drop-off numbers of scales for stage:

no. date I^I.C. lst 2nd nale 3rd adult total

0
36
4
4
4
10
7
4
I
1

2
1

0
0

1

0
0
0
1

1

1

0
4
1

0
1

0

0
36
3
3
4
5
4
3
0
0

1

2
3
4
5
6
7
8
9
10

e/2
L6/2
23/2
2/3
e/3
20/3
2s/3
Ll4
Ls/4
22/4

total 58823 7L
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Appendir Table 4.2 (9-N). Numbers of red scale of Cohort 4
oñ-north of the canopy; startedz L5/2/L985

SamplÍng: Observed scale nunbers for stage:

no. date tr\t.C. 1st 2nd male 3rd adult total

30
10
4
2
1

1

I
1

1

1

2
3
4
5
6
7
I
9
10

16/2
3/2
2/3
e/3
20/3
25/3
L/4
8/4
rs/4
22/4

88
42
36
35
26
L6
15
13
2
0

20
18
I2
6)F
5
3
3
3

8
L4
146
t4x 7
146
126
126

1

1

1

88
72
66
65
54
43
42
38
25
23

Sanpling: Drop-off numbers of scales for stage:

no. date I'I.C. lsL 2nd nale 3rd adult total

I
2
3
4
5
6
7
I
9
10

t6/2
23/2
2/3
el3
20/3
25/3
Llt+
8/4
Ls/4
22/4

0
t6
6
1

9
10
1

2
11
2

2
0
0
2
0
0

0
1

0
0
0
0

2
0

0
L6
6
1

11
11
1

4
13
2

total 58r42 65
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Appendix Table 4.2 (9-S). Numbers of red scale of Cohort 4
oñ south of the canopy; startedz I5/2/L985

Sarnpling: Observed scale nunbers for stage:

no¡ date III.C. lst 2nd male 3rd adult total

88
77
74
73
72
7l
67
6s
59
57

5
6
6
6

30
40 lt+
L2 42
12* 42
7 4Lx
64r
538
s38

BB
6
3
3
3
3
3
2
1

1

1

2
3
4
5
6
7
8
9
10

7L
4t
L6
15
I4
11
10
9
7

L6/2
23/2
2/3
e/3
20/3
2s/3
Ll4
8/4
rs/4
22/4

Sampling: Drop-off numbers of scales for stage:

noo date ü1.C. lst 2nd, male 3rd adult total

0
11
3
1

I
1

1
2
6
2

1

0
3
0

0
0
1

0

1

1

1

3
1

1

2

0
1

3
0
0
0
0
1

1

0

1

I
2
3

4
5
6
7
I
9
10

L6/2
23/2
2/3
e/3
20/3
2s/3
r/4
8/4
rs/4
22/4

total 1610r4 31



Appendix Table 4.2 (9-B). Numbers of red scale of Cohort 4
on-east of the canopy; startedz I5/2/L985

Sarnplíng: Observed scale numbers for stage:

Ro¡ date hl.C. lst 2nd nale 3rd adult total

1

2
3
4
5
6
7
I
9
10

16/2
23/2
2/3
e/3
20/3
2s/3
L/4
8/4
rsl4
22/4

72
30
28
23
15
10
10
I
7
7

20
15
13
6,*
5
5
5
4

72
s6
54
49
40
34
33
31
30
29

26
3
0
0
0
0
0
0
0

3
11
t2
L26
r2*- 6
L26
t26
126

Sampling: Drop-off numbers of scales for stage:

no. date I{.C. lst 2nd nale 3rd adult total

t 16/2
2 23/2
3 2/3
4 e/3
s 20/3
6 25/3
7 L/4
8 8/4
9 Ls/4
10 22/ 4

1

1

1

0
0
1

0
0
0
0
0
0

0
16
2
5
8
5
0
2
1

0

0
16
2
5
9
6
1

2
1

1

total 3904 43
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Appendix Table 4.2 (9-I{). Nunbers of red scale of Cohort 4
on west of the canopy; startedz l5/2/L985

Sampling: Observed scale numbers for stage:

no. date Itr.C. lst 2nd, male 3rd adult total

2
4
3
3
2

I
3
4
4*
4
4
4

8
11
8
5rF
3
2
1

0

I
2
3
4
5
6
7
8
9
10

16/2
23/2
2/3
e/3
20/3
2s/3
Ll4
8/4
Ls/4
22/4

Ls2
79 28
52 18
43 t4
247
136
105
L4
T2
01

2
2
2

r52
107
78
69
42
30
26
T6
13
9

Sampling: Drop-off numbers of scales for stage:

oo. date hI.C. lst 2nd, male 3rd adult total

1

2
3
4
5
6
7
8
9
10

t6/2
23/2
2/3
e/3
20/3
2s/3
L/4
8/4
rs/4
22/4

0
45
27
9
19
11
3
9
0
1

3
0
0
0
1

1

2

0
5
1

1

1

2
1 01

0
4s
29
9
27
T2
4
10
3
4

total L24 13 s 0 1 r43
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Appendix Table 4.2 (1(H{). Numbers of red scale of Cohort 5

o^n'north of the canopy; startedz 8/3/L985.

Sampling: Observed scale numbers for stage:

no. date !t.C. 1st 2nd male 3rd adult total

1

2
3
4
5
6
7
I
9
10

e/3
20/3
2s/3
rl4
8/4
rs/4
22/4
2e/4
6/s
13/s

I4T
88
83
78
43
35
7
4
2
I

29
L4
L2
6
6
3
0
0
0

9
9
g.x
I
7
7
7

L4
5
5'"*
4
3
0
0
0

1

1

4
4
4

L4L
LI7
111
104
63
s4

15
13

22

t2

Sampling: Drop-off numbers of scales for stage:

noo date I{.C. lst 2nd male 3rd adult total

0
24
6
7
4L
9
32
7
2
1

1

0
1

0
0

0
1

0
0
0

1

2
6
0
3
3
0
0

0
24
5
5
35
I
28
3
2
1

e/3
20/3
2s/3
Ll4
8/4
Ls/4
22/4
2e/4
6/s
L3/s

1

2
3
4
5
6
7
8
9
10

total 11115t2 L29
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Appendix Table 4.2 (10-S). Nunbers of red scale of Cohort 5
oñ-south of the canopy; started: 8/3/1985.

Sampling: Observed scale numbers for stage:

noo date I,ù.C. lst 2nd male 3rd adult total

55
55

5
L4
L4

28
32
30tk
30
29
29
29

51
23
5f(
5
4
3
3
3

1

2
3
4
5
6
7
8
9
10

e/3
20/3
2s/3
Ll4
8/4
rs/4
22/4
2e/4
6/s
13/s

10s
10
I
6
4
3
3
2
2
2

63
12
t2
I
7
7
5
5
5

105
73
7T
69
64
60
60
55

15
15
L6
11
2
2

Sampling: Drop-off numbers of scales for stage:

no. date tJ.C. lst 2nd male 3rd adult total

0
32
2
2
5
4
0
5
0
0

2
0
I
0
0

0
0
1

0
0

3
1

0
2
0
0

0
32
2
2
2
1

0
1

0
0

1

2
3
4
5
6
7
I
9
10

e/3
20/3
2s/3
Ll4
8/4
rs/4
22/4
2e/4
6/s
L3/s

total 40613 50
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Appendix Table 4.2 (10-E). Nunbers of red scale of cohort 5

on-east of the canopy; startedz 8/3/L985.

Sampling Observed scale nunbers for stage:

Do¡ date III.C. lst 2nd male 3rd adult total

1

2
3
4
5
6
7
I
9
10

e/3
20/3
2s/3
Ll4
8/4
Lsl4
22/4
29/4
6/s
t3/s

35
16
4'x
1

1

1

1

1

L9
37
37
37'*
37
35
29
29

1

13
16
16
16
16
L6

107
82
77
73
67
67
67
61
53
52

66
L2
11
8
I
I
4
3
3

107
16
11
B

5
5
5
5
4
3

Sanpling: Drop-off numbers of scales for stage:

no. date l^l.C. lst 2nd male 3rd adult total

0
25
5
I+

6
0
0
6
I
1

2
6
0

0
0
0

1

3
0
0
4
1

0

0
25
5
3
3
0
0
0
1

1

1

2
3
4
5
6
7
I
9
10

e/3
20/3
2s/3
Ll4
8/4
rs/4
22/4
2e/4
6/s
t3/s

total 38908 55
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Appendl-r Table 4.2 (1(H{). Numbers of red scale of Cohort 5

oá-west of the canopy; started2 8/3/1985.

Sampling: Observed scale numbers for stage:

no. date hl.C. lst 2nd male 3rd adul-t total-

1

2
3
4
5
6
7
8
9
10

e/3
20/3
2s/3
Ll4
8/4
Lsl4
22/4
2e/ 4
6/s
L3/s

85
s9
s9
52
4L
40
40
39
38
31

3
3

85
1

1

0
0
0
0
0
0
0

58
29
22
11
10
10
9
9
6

29
L4 16
13,1' 17
13 t7x
10L91
3L98
2195
2155

Sampling: Drop-off numbers of scales for stage:

no. date I,l.C. lst 2rrd male 3rd adult total

r 9/3
2 20/3
3 2s/3
4 r/4
s 8/4
6 Ls/4
7 22/t+
8 29/4e 6/s10 r3/s

6
1

I
0
1

0
3

0
26
0
I
0
0
0
0
0
0

1

0
26
0
7
11
1

0
1

I
7

I
0 4

total 2722L4 s4
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AppendLr Table 4.2 (L.l). llsst¡d,egrees (above 40oC) of
extreme tenperatures in each developmental period of the

cornpletion of 3rd lnstar (up to adult stage) of red scale on

each aspect.

Cohort:period $6¡.¡¡-degrees ()40 C) on aspect:

N. S. Er I{. total

1983

I 29/L

2 6/2

3 Ls/2

4 22/2

s 2/3

-r4/3
-2s/3
-Lo/4

-L2/s
-e/6

46.5

25.5

15.5

13.5

3.0

29.0

4L.5

41.0

42.5

118.5

79.5

50.0

43.5

13.5

5

L25.5

70.0

52.5

47.5

13.5

.0

290.5

175.0

118.0

104.5

30.0

35.5

4L.5

41.0

42.5

0

0

0

0

0

1985

L 24/L -no adul-t

2 3L/t -2O/3
3 8/2 -L/4
4 rs/2 -8/4
s 8/3 -6/s

0

0

0

0

2.

0

0

0

4

0

0

0
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Appendix Table a.2 (lþa) The percentage rates of dead lst
instar red scales stíll on the host lemons and the

percentage rates of dead scales already dropped off Lhe host

lemons (1983).

Cohort: Aspect
:0rlginal
total numbers

% rates of dead lst instar scales

0n lemons Off lemons TotaI

1:north: 272
:south:188
:east : -
:hrest I L92

total : 652 mean:

100.0
53.2

92.7

82.0 5.3

100.0
6r.7

100.0

87.3

0
8.5

7.3

2:north:77
:south:98
:east : -
:vrest z 62

77.9
31.6

9L.9

67.r

L.6

9.9

100.0
34.7

93.5

76.O

22.L
3.1

Èotal ¡ 237 nean:

3:north:79
:south: 108
:east : 138
:L¡est : 83

50.6
22.2
8.7

91.6

31.6
0.9

32.6
L.2

L6.6

82.2
23.r
4L.3
92.8

59.9total : 408 mean: 43.3

4: north:
: south:
:east :

:krest :

84
77
95
LOz

29.8
0
2.L

50.0

o

.5

.8

.0

38.3

97.7
19.5
17.9

100.0

58.8

67
19
15
50

total : 358 mean: 20.5

5:north: 96
:south: 57
:east : 71
:west z 67

18.7
40.4
2.8
7.5

.3

.6

.8

.0

I
38

2
3

10.4
1.8
0
4.5

total z 29I mean: 4.2 13.2 L7.4
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Appendtx Table 4.2 (t5b). The percentage rates of dead lst
instar red scales st1l1 on the host lemons and the

percentage rates of dead scales already dropped off the host

lemons (1985).

Cohort:Aspect
:0rigina1
total nunbers

% rates of dead lst instar scales

0n lenons Off lemons Total

l:north: 64
:south: 85
:east : -
:west : 85

total z 234 mean:

25.O
52.9

48.2

42.O

75.0
42.4

51.8

56.4

100.0
95.3

100.0

98.4

2:north: 92
:south:65
:east ¿ 74
:ïrest : 105

44.6
2I.5
2r.6
64.9

29
50
36
25

3
I
5
7

73
72
58
90

o

.3

.1

.5

total : 336 mean: 38.1 35.6 73.7

3:north:81
:south:107
:east ? 79
:west : 109

total z 376 mean: 34.3

48
24
31
33

1

3
6
0

80
64
84
69

32
40
53
36

1

2
2
7

2
5
8
7

40.6 74.9

4:north:
: south:
:east :
:west :

88
88
72
L52

44.3
2L.6
31.9
37.5

26.L
17.0
31 .9
54.6

32.4

70.4
38.6
63.8
92.L

66.2total : 400 mean: 33.8

5:north: 1-4l
:south:105
:east : 107
:west : 85

68.8
19.0
2L.5
35.3

2L.3
32.4
28.O
30.6

28.1

90.1
st.4
49.5
6s.9

64.3total : 438 mean: 36.2
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Appendir Table +.2 (L4a). FfOørd.grees (lt.D. ) >40"C during
the developnental period of the lst instar red scale in each

cohort in 1983.

Cohort Period Aspect l+.D.>40"C

1 2e/r-L4/2 N.
S.
E'

ü1.

Mean

22.5
0

54.5
61.0

34.5

2 6/2-2s/2 N

S

E
I4I

Mean

23.O
0

71.0
68.5

40.6

3 Ls/2-27 /2 N.
S.
Er

I,lI.

Mean

2t.o
0

53.5
51.5

31 .5

4 22/2-4/3 N.
S.
El

Irr.

Mean 18.8

2.O
0

35.0
38.0

5

0
5

2
0

L4
13

N

S

E
hr

5 2/3-28/3

Mean 7.5



Aþpcndtr lable ¿.2 (1¿þ). Hoursdcgr..r (n.U.) abovo /poC durlng
tJre dcvclopnental pcrlod of thc 1¡t Ln¡ta¡ rcd ooal¡ 1¡ croh cohort
la 1985.

Cohort Perlod Aaprot H.D. abovc 4OoC

1 25/14/2 N
s
E
g

l,l¡a¡

11.5
o
6.,

13.O

'l .8

2' 1/2-15/2 It
s
E
U

Ha.¡r¡

'loQ
Q;
2.5
4.O

3.1

o
o
o

2.1

TT

s
E
H

l{caa

o9.
o
o
o

t[
s
E
ft

1

2.3Hce¡

N
s
E
U

, elT25/t

Mcan

26.O
Or

o
o!

6.5
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Appendix Table 4¡3 (3). The mortality of 2nd instar red

"áàt"" after exposure to durations (durat.) of 0-8 hours at
tenperature (temp.) of. -2"C. Also given is the_mortality of

"..i"" at thè (Uäsã) constanL tempeiature of +10oC.

temp.
('c)

Durat.
hrs.
(x)

No. of scales % Mortality
(Y)

dead total

10

-2
-2
-2
-2
-2
-2

2
10
76
73
6s
68
48

24
0
1

2
4
6
8

135
ts2
zLO
236
170
t92
140

1.48
6.58

36. 19
30.93
38.24
35.42
34.29

Y = 22.75+2.15X (r= +0.559i d.f .=4; P)0.05)

temperature of +10"C.

tenp
('c)

Durat.
hrs.
(x)

No. of scales % Mortality
(Y)

dead total

2.92
9.24

L3.49
14.08
11 .66
L7.32
40.10
38.30

24
0
0.5
I
2
4
6
I

10
5
5
5
5
5
5
5

5
11
L7
29
19
31
79
s4

17L
119
126
206
163
179
197
I4L

Y = 8.5Gr3.94N (r= f0.923; d.f .=5; P(0.01)
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Appendix Table 4.3 (5). Ttre mortality of male only within
2nd moulE instar red scales after exPosure to durations
(durat.) of 0-8 hours at temperature (tenp-) of +5oC. Also
giuutr ii the rnortality of scáIes at the (base) constant
temperature of +10"C.

temp.
('c)

Durat.
hrs.
(x)

No. of scales Z Mortality
(Y)

dead total

10
5
5
5
5
5
5
5

0
7
T4

24
0
0.5
I
2
4
6
I

101
52
60
92

0
L3.46
23.33
26.O9
22.97
28.57
70.10
60.26

24
L7
24
68

84
97
78

74

47

Y = 15.57+6.31X (r= f0.898; d.f.=5; P(0.01)

Appendix Table 4.3 (6). The mortality of the fenale only
within 2nd noult instar red scales after exPosure to
durations (durat.) of 0-8 hours at tenperature (temp.) of
+5oC. Also given is the nortality of scales at the (base)
constant temperature of +10"C.

temp.
("c)

Durat.
hrs.
(x)

No. of scales % Mortality
(Y)

dead total

10
5
5
5
5
5
5
5

2I+ 5
4
3
5
2

7
11
7

0
0.5
1

2
4
6
I

70
67
66
LI4
89
95
100
63

7.L4
5.97
4.55
4.39
2.25
7.37

11.00
11.11

Y = 3.76+0.95X (r= +0.849; d.f.=5; P<0.05)
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Appendf-x Table 4.3 (7). The mortality of 3rd instar red
sãa1es after exposure to durations (durat.) of 0-B hours at
temperature (temp.) of -2oC. Also given is-the^mortal-iuy of

"."i"" 
at thà (täsê) constant tenpeiature of +10oC.

temp.
("c)

Durat.
hrs.
(x)

No. of scales Z Mortality
(Y)

dead total

10
-2
-2
-2
-2
-2
-2
-2

24

0

92
80
7B
11
97
96
74
88

1

1

4
7
15
16
15
t7

1.09
!.25
5. 13
6.36

L5.46
16.67
20.27
19.32

0
0.5
1

2
l+

6
I

Y = 5.2L+2.23X. (r= f0.887; d.f.=5; P(0.01)

AppendÍx Table 4.3 (8). The nortality of lst instar red
scátes after exposure to durations (durat.) of 0-8 hours at
tenperature (temp.) of +45oC. Also given is the mortality
of Ëcales at the (base) constant temperature of +25"C.

temp.
("c)

Durat.
hrs.
(x)

No. of scales Z Mortality
(Y)

dead total

47

24
0
I
2
4
8

25
45
45
45
4s
45

L7
34
43

33
42

105
L72
189
158
r20
96

16. 19
L9,77
22.75
29.75
27.50
43.75

Y = 20.33+2.79N (r= +0.952; d,.f .=3; P(0.05)
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Appendix Table 4.3 (9). The mortality of lst noult instar
róá scales after exposure to durations (dura¡.) of 0-8 hours
at temperature (ternp.) of +45oC.- Also given is the
mortality of scales at the (base) constant temperature of
+250C.

temp.
('c)

Durat.
hrs.
(x)

No. of scales % Mortality
(Y)

dead total

14.63
27.O5
23.L2
23.LL
46.O9
39.49
42.86

24
79
43
61
53
62
57

L64
292
186
264
115
L57
133

24
0
1

2
4
6
I

25
45
4s
45
45
45
4s

Y = 24.23+2.68X (r= +0.797i d.f .=4, P>0.05)

Appendix Table 4.3 (10). The nortality of 2nd instar red
scales after exposure to durations (durat.) of 0-8 hours at
temperature (temp.) of +45"C. Also given is the mortality
of Àcales at the (base) constant temPerature of +25"C.

tenp.
('c)

Durat.
hrs.
(x)

No. of scales % Mortality
(Y)

dead total

25
45
4s
45
4s
45
45

25
27
26
24
38
4t
43

24
0
1

2
4
6
I

L72
L54
L4t
r44
t57
L52
160

14.53
L7.53
L8.44
L6.67
24.20
26.97
26.88

Y = 16.77+L.43X (r= +O.924; d.f .=4; P(0.01)
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Appendix Table 4.3 (11). The mortality of 2nd noult lnstar
red scales, male f female, after exPosure to durations
(durat.) of G-8 hours at temperature (tenp.) of +45"C. Also
given is the rnortality of scales at the (base) constant
tenperature of +25"C.

temp
('c)

Durat.
hrs.
(x)

No. of scales Z Mortality
(Y)

dead total

2l+25
45
45
45
45
4s
45
4s

0
0.5
1

2
4
6
8

19

13
18
22

39
48
51
75

1s4
230
L72
224
223
16s
2t2
L96

I
7
2
I
7
9

1

1

2

44
83
79
48
49
09
0624.

38.27

Y = 9.00+3.49X (r= f0.934; d.f .=5; P(0.01)

Appendix Table 4.3 (I2). The nortality of male only withín
the 2nd rnoult instar red scales after exposure to durations
(durat.) of G-8 hours at temperature (tenp.) of +45oC. Also
given is the mortality of scales at the (base) constant
t,emperature of +25"C.

temp.
('c)

Durat.
hrs.
(x)

No. of scales % Mortality
(Y)

dead total

2425
4s
45
4s
4s
4s
45
4s

6
7
13
9
23
31
28
47

0
0.5
1

2
4
6
I

67
103
78
t2r
98
86
97
104

9.96
6.80

16.67
7.43

23.46
36.05
28.87
45.L9

Y = 10.34+I+.28X (r= +0.90/r; d.f .=5; P(0.01)
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Âppendix Table 4.3 (13). The mortality of female only within
2nã moult instar red scales after exposure to durations
(durat.) of G-8 hours at temperature (teqp.) of +45"C. Also

iiu"t ri the mortality of scáles at the (base) constant
temperaËure of +25"C.

temp.
("c)

Durat.
hrs.
(x)

No. of scales % Mortality
(Y)

dead total

25
45
45
4s
45
4s
45
45

24 7
11
9
10
L6
17
23
28

86
L27
94
103
L25
79
115
92

8.14
9.66
9.57
9.71

12.80
2I.52
20.00
30.43

0
0.5
1

2
4
6
I

Y = 8.L2+2.6OX (r= f0.966; d.f.=5; P(0.01)

Âppendix Table 4.3 (14). The mortality of 3rd -ir-rstar red
sããtes after exposure to durations (durat.) of 0-8 hours at
temperature (Èenp.) of +45"C. Also given is the nortaLity
of ãcales at the (base) constanL temperaÈure of +25"C.

temp.
("c)

Durat.
hrs.
(x)

No. of scales % Mortality
(Y)

dead total

L2
06
23
o4
00
24
67

1

5
3
7
8

13
11

89
79
62
7L
50
68
60

1

4
2
5
4
9
7

24
0
1

2
4
6
I

25
45
45
4s
45
45
45

Y = 4.11+1.12X (r= +0.903; d.f.=4; P<0.05)
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Appendix Table 4.4 (I). Experiment 1. Numbers of red scale
in the rtcontroltr treatment 1 in which scale insects were
shaded from the sun during the whole experimental period of
25/2-4/8, 1983.

Date of
sampling

Numbers of red scales in each stage

I^I.C.* lst 2nd male 3rd adult

26/2
3/3
12/3
23/3
t3/4
23/4
e/s
20/s
26/s
13/6
27 /6
L2/7
4/8

9
10
10
10
10
8
B

9
2
1

0
0
0
0
0

52
9
0
0
0
0
0
0
0
0
0
0

70
0
0
0
0
0
0
0
0
0
0
0
0

35
19
13
4
0
0
0
0
0
0
0

16
22
2l
2L
21.

L7
15
15
15
15

*: white cap stage of red sca1e.

Appendix Table 4.4 (2). Experiment 1. Numbers of red
scales in treatnent 2 in which scale insects were exPosed to
the sun for one day. 25/2-4/8, 1983.

Date of
sampling

Nunbers of red scales in each stage

I^I.C.* lst 2nð, male 3rd adult

4
4
4
4
4
4
4

4
0
0
0
0
0
0
0

3
I
I
8
8
I
I
8
8
I

15
T2
7
3
3
1

1

1

0
0
0

18
0
0
0
0
0
0
o
0
0
0
0

57
5
4
4
0
0
0
0
0
0
0
0
0

26/2
3/3
L2/3
23/3
1.3/4
23/4
e/s
20/s
26/s
L3/6
27 /6
12/7
4/8

*: white cap stage of red scale.
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Appendix Table 4.4 (3). Experiment 1. Numbers of red
sðãtes in treatment 3 in which scale insects r{'ere exposed Eo

rhe sun for two days. 25/2-4/8, 1983.

Date of
sarnpling

Numbers of red scales in each stage

I^I.C.* lst 2nd male 3rd adult

26/2
3/3
L2/3
23/3
13/4
23/4
e/s
20/s
26/s
13/6
27 /6
72/7
4/8

19
10
9
2
0
0
0
0
0
0
0

30
11
2
I
0
0
0
0
0
0
0
0

97
51
38
37
37
35
35
32
23
23
27
23
23

9
7
7
7
7

5
5
5
5
5

3
2
2
1

1

0
0
0

3
3
3
3
3
3
3

*: white cap stage of red scale.

Appendix Table 4.4 (4). Experinent 1. Nunbers of red
sðátes in treatment 4 in which scale insects Idere treated to
grow under an unshaded condition as natural as possible.
25/2-4/8, 1983.

Date of
sanpling

Numbers of red scales in each stage

l^I.C.* lst 2nd' male 3rd adult

26/2
3/3
L2/3
23/3
13/4
23/t+
e/s
20/s
26/s
L3/6
27 /6
L2/7
4/8

104
35
30
30
25
t7
L4
13
7
5
2
0
0

5
L4
L4
L2
T2
6
5
5
5
5

29
22
T2
3
0
0
0
0
0
0
0

31
2
2
1

1

I
0
0
0
0
0
0

9
3
3
3
3
3
3
0

4
4
4
4
4
4
4

*: white cap stage of red scale.
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Appendix Table 4.4 (5). Experiment 2. Anbient temperatures
(.C) of the experinental orchard and the skln-temperatures
("C) of a lemon in the sun' on L5/2/L985

Time Ambient
temperatures

skin-temperature

4:03)*(1

31.7
32.5
32.5
33.0
33.2
33.3
34.2
32.9
33.6
34.L
34.3
33.4
33.3
33.6
34.6
33.2
32.5
32.5
31.4

12z30
245

13:00
:15
:30
:45

14:00
:15
:30
:45

15:00
:15
:30
245

16:00
:15
:30
:45

17:00

39.1
44.7
46.O
47.3
46.6
47.3
45.5

*: value measured at 14:03, 3 mínutes after the host lenons
had been exposed to the sun from the shaded conditíon.
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Appendix Table 4.5 (1). Temperatures ("C) in the field'
Loxton, S. Australia, 1983

Date Minimum Maximum Mean

12.2
11.3
11.8
L4.5
18.5
9.8
9.0
9.5
8.5

.0

.5

.0

.0

18
18
2I
23

L2
T4
T7
L4

1

1.5
3.0

6.3
4.0
2.5
6.0
3.3
7.0
4.0

TT/8
12/8
13/8
L4/8
rs/8
t6/8
t7 /8
18/8
Le/8

24.O
5
0
5
0

mean 5.3 18.0 LL.7

Âppendix Table 4.5 (2). Tenperatures (oC) in the insectary
room, Loxton, S. Australia, 1983

Date Minimun Maximun Mean

tt/8
12/8
13/8
t4/8
rs/8
L6/8
L7 /8
18/8
L9/8

17
L4
13
L4
17
L4
L2
10

0
0
0
0
0
0
0
5

23.5
ñ

18.
16.0
18.0

20.25
17.75
17.00
17.75
20.25
15.75
15.00
13.25
14.50

0
5
5
5
0

2L
2L
23
L7

11.0

mean 13.6 20.L 16.83
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Appendlx Table 5.1 (1). Experiment 3. Numbers, live and
dead, and percent dead of each stage of.red scales in
Treaiment i (control) with no wasps of A. melinus.

Stage of
red scale

Numbers of red scales i( dead

Alive Dead Toatl

1st:
*rep.1

tep.2

2nd fenale:
rep.1
rep.2

total

3rd female:
rep.1
rep.2

total

2nd male:
rep.1
rep.2

total

36
39

19
I

55
47

LO2

78
81

1s9

100
86

186

133
130

263

total 75 27

4
11

15

26.47

8.18

4.30

5.70

69
77

L46

9
4

13

97
81

3
5

8178

L29
119

248

Total 647 63 7LO 8.87

*reP . =rePlication.
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Appendix Table 5.1 (2). Experiment 3. Nu¡¡bers, alive, dead

and parasitized (Para.), and percent dead of each stage of
red scales respectively in Treatment 2 in which rrtasps of A.

nelinus hrere not provided with food.

Stage of
red scale

Numbers of red scales

Alive Dead Para. Total
Z death

1st:
*rep.1
rep.2

2nd fenale:
rep. l
rep.2

total

3rd female:
rep. 1

rep.2

total-

2nd nale:
rep.1
rep.2

total

60 40

7T
38

109 108

31
68

99 52.53

37
6s

ro2 39.22

161
6s

226 47.79

L34
r20

2s4 L6.54

19
28

T2
40

Èotal t+7 52

L7
43

104
105

19
2L

27
15

1

1

2

5
4

9

3
0

3

85
23

209 42

Total 425 242 14 681

(1). *rep.=rePlicaton.

(2). Total mean:

Z dead = 35.54

Z parasicization = 2.06

% tota dead = Z (dead * parasitization) = 37.60
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Appendix Table 5.1 (2a). Corrected dead of red scale by

Abbottrs (1925) fornula** for mort,ality in the control
TreatnenL 1.

Stage of
red scale

Dead no. of scales
due to host-feeding

Dead 7" rate of
red scales

1st:
*rep.1
tep.2
total

2nd female:
rep. l
rep.2
total-

3rd female:
rep. l
rep.2
total

2nd male:
rep. 1

rep.2
total

11
24
35

13
22
35

73
30
103

15
L4
29

35.53

33.81

45.44

11 .50

Total 31.55

*rep. =replication.r+*. p=pcf pf x(100-pc)/100

where, P: total observed dead in the treatment.
Pf: dead due to the treatment factor

(the corrected dead).
Pc: dead 1n the control.
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Appendtr Table 5.1 (3). Experiment 3. Numbers, alive, dead

and parasitized (Para.), and percent dead of each stage of

red scales Ín Treatment 3 in which wasps of A. melinus were

provided with honey as food.

Stage of
red scale

Nunbers of red scales

Alive Dead Para. Total
7" d,ead

lst:
*rep. 1

rep.2

total

2nd female:
rep.1
rep.2

total

3rd female:
rep.1
rep.2

total

2nd nale:
rep. 1

rep.2

total

LO7
85

r92

91
75

L66 6

0
0

0

2
0

2

to7
85

L92

101
78

7
0

7

3
3

100.00

92.74

79.03

88.46

75
72

r47

7
11

90
7L

18 161

19
18

779

96
90

186

98
84

r82

37

I
2

3

Total 27 666 46 739

(1). *rep.=rePlication.
(2). Total nean:

% dead = 9O.L2
% parasitization = 6.22
7. total dead = % (dead * parasitlzation) = 96.34
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Appendix Table 5.1 (34). Corrected dead of red scale by

Abbottrs (1925) formula# for mortality in the control

TreatmenL 1.

Stage of
red scale

Dead no. of scales
due to host-feeding

Dead 7" rate of
red scales

lst:
*rep.1
rep.2

total

LO1
85

L92 100.00

2nd female:
rep. I
rep.2

total

93
72

16s
'92.O9

3rd female:
rep.1
rep.2

total

75
70

r45 78.09

2nd male:
rep.1
tep.2

tota1.

86
74

160 87.76

Total 89.49

*reP.= rePlication.

it*

where,

P=Pc+Pfx(100-Pc)/100

P: total observed dead in the treatnent.
Pf: dead due to the treatment factor

(the corrected dead).
Pc: dead in the control.
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Appendix Table 5.2 (1). Experinent, 1. Accumulated dead
numbers and survival duration (days) of wasps of Aphvtis
melinus at 1O+0.5"C and a photoPeriod of L:D=14:10 hours.

Survival days Accumulated data of:
number of wasps Z dead rate

3

4

5

6

7

I
9

10

11

L2

1

5

8

15

2L

30

38

44

46

48

2.L

10.4

16.7

31 .3

43.8

62.5

79.2

91.7

95.8

100.0

Mean survival time of wasps: 7.7 + 0.3 days
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Appendix Table 5.2 (2). Experiment 2. Accunulated dead

nunbers and percenL death of female vtasps of A. nelinus at
30+1oC, about 40 Z R.H. and the artificial photoperiod of
L:D = 14:10 hours.

Day Dead numbers and % death of wasps in Treatment:

1: wasps
+ no food

2: wasps
+ water

3: wasps + honey:
Numbers % dead

0
1

2
3
4
5
6
7
I
9
10
11
L2
13
t4
15
16
L7
18
t9
20
2l
22

0
30'lr
32
37

0
27x
28
29
37

0
0
0
2.7

0
0
0
1

),
,,

,t
,t
)t
5.4
8.1
,,
t,

37.8
,t

54.1*
64.9
70.3
75.7

tt
96.5
94.6
97.3

,
2
3
tt
t,
L4
,,
20
24
26
28
,,
32
35
36
,,
37

,,
100.0

tt*tt: The observed LD5Ots tine of wasps.
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Âppendix Table 5.2 (3). Experlnent 3. In treatnent 2,

accumulated percent dead of wasps at the constant

tenperature of 15.0"C, 752 R.11. antl the photoperiod of
L:Þ14:10 hours.

Duration (days) Accumulated Z death of wasPs

0

1

2

3

4

5

6

7

8

9

0

3.3
6.7

L6.7

23.3

40.0

60.0

76.7

86.7

100.0

*: Ttre nurnbers of wasps were originall-y as 30.
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Appendix Table 5.2 (4). Accumulated dead number and percent

dead of fenale wasps of A. melinus in each treatment on

oranges on the tree in the orchard-

Day Accunulated dead numbers and 7" rates in:

Treatment 1:
\.rasps * no food

Treatment 2:
wasps t juice

TreatmenE 3:
lrasps + scales

Nurnbers 7" Numbers 7" Numbers 7.

3
4
5
6
7
8
9
10
11
L2
13
I4
15
16
L7
18
19
20
2T
22
23
24

26
27
28
29
30

25
50
88

0
0
0
6

L2
2t

0
0
0
1

4

,,
t,
5
7

t,
8
10
t,
12

,t
tt

75.00
94.38
90.63

100.00

6
10
18
2T
23

tt
24
27
29
32

18.75
3L.25
56.25
6s.63
71.88
,,
,t

0
0
0
3.13

12.50

0
0
0
2
4
7

t,
,,
,,
tt

,t
,,

15.63
21.88
,,

25.00
3t.25

t,
37.50

+ô'.os
50.00
56.25
71.88
8L.25
94.38
,,

87.50
,,

93.75
96.88

,t
100.00

,t
,t
,,

,t
,t
,,

,,10 3r.25

13 40.63
,t

25

,t
13
L6
18
23
26
27

,,
28

,t
30
31

,t
32

Mean longevity (days) of wasPs in:
Treatment Lz 7.2 + O.2 (S.8.).
Treatment 2: 18.1-+ 1.2 (S.E.).
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Appendix Table 5.4 (1). Nunbers of dead and parasitized red

".åf"" 
in ExperLr"ti i: one fenale rtasp per small cage and

no honey supPlY for this r'¡asP.

Density:
no.of scales
per lemon

Dead no. of scales
in replication

I ü III Total I II III Total

ParasiLized no. of
scales in rePlication

1
0
0
1

I
0
0
1

0
0
0
0

0
0
0
0

13
4
2
4

5
3
I
I

3
1

1

1

5
0
0
2

2
4
I
L6

Total 761023 0022
* Numbers of red scales were originally as 16 for each
density rsithin each replication.

(cont.). 2-way ANoVA among 4 densities of red scale and 3

replications for dead numbers of red scale due to
host-feeding of parasites in Experinent 1

Source of
variance

SS D.F. M.SS F

Density
Replication
Error

24.25æ
2.1667
6.5000

I
1

1

3
2
6

08
08
08

7.4615
1.0000

Total 32.9167 11 2.99
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Âppendix Table 5.4 (2). Numbers of dead and parasitized red
sãätes in Experiment 2: one female wasp per snall cage and
with honey for this wasP as food.

Density:
no.of scales
per lemon

Dead no. of scales
in replication

Parasitized no. of
scales in replication

I II III Total I II III Total

7
6
7
6

1

2
4
10

0
2
2
2

1

2
3
2

4
3
2
2

2
1

2
2

0
0
0
4

1

0
2
4

2
4
I
16

ToËa1 74617 7Lr826
* Numbers of red scales were originally as 16 for each
density within each replication.

(cont.). 2-way ANOVA among 4 densities of red scale and 3
replications in Experiment 2.

(i). for dead numbers of red scale due to host-feeding of
parasites.

Source of
variance

SS D.F. M.SS F

Denslty
Replication
Error

16.2500 3
t.r667 2
7.5000 6

5.42
0.58
t.25

4.3333
o.4667

Total 24.9167 11 2.27

(ii). for parasitism of red scale.

Source of
variance

SS D.F. M.SS F

Density
Replication
Error

0.3333
2.L667
5.1667

0.11
1.08
0.86

0.1290
1.2581

3
2
6

Total 7.6667 11 0.70
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Appendix Table 5.4 (3). Numbers of dead and parasiLized red

"ããte" 
in Experiment 3: 5 pairs, 5 males and 5 females, of

wasps per smàll cage and with hohey for the wasps as food

DensÍty:
no.of scales
per lemon

Dead no. of scales
in replication

Parasitized no. of
scales in replication

I II III Total I II III Total

18
22
L4
L2

4
7
9
3

7
7
3
4

7
B
2
5

4
2
0
3

4
3
5
3

11
9
8
9

3
4
3
3

2
4
I
16

Total 1391s37 22 2L 23 66

* Nunbers of red scales were originally as 16 for each
density within each replicat,ion.

(cont.). 2-way ANOVA anong 4 densities of red scale and 3
replications in Experiment 3.

(i). for dead numbers of red scale due to host-feeding of
parasites.

Source of
variance

SS D. F M.SS F

Density
Replication
Error

1.5833
4.6667

to.6667

0.53
2.33
1 .78

o.2969
1.3125

3
2
6

Total L6.9L67 11 1.54

(ii). for parasitism of red scale.

Source of
variance

SS D.F. M.SS F

Density
Replication
Error

19.6667
0.5000

36.8333

6
0
6

3
2
6

56
25

1.0679
0.0407

.L4

Total 57.0000 11 5.18
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Appendix Table 5.4 (4). Numbers of dead and parasltized red
scales 1n Experiment 4: one female wasP per big cage and no
honey supply for this \.Iasp.

Density:
no.of scales
per lemon

Dead no. of scales
in replication

Parasitized no. of
scales in replication

I II III Total I II III Total

4
0
0
0

0
0
0
0

2
0
0
0

2
0
0
0

3
1

4
2

0
0
2
0

1

0
1

1

2
1

1

1

2
4
I
r6

Total 25310 2204
ls Numbers of red scales were originally as 16 for each
density within each replication.

(cont.). 2-way ANOVA anong 4 densities of red scale and 3
replications for dead nunbers of red scale due to
host-feeding of parasites in Experiment 4.

Source of
variance

SS D.F. M.SS F

Density
Replication
Error

r.6667
L.1667
2.8333

3
2
6

0
0
0

56
58
47

L.L756
L.2353

Total s.6667 11 0.52
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Appendix Table 5.4 (5). Numbers of dead and parasitized red
scales in Experiment 5: one female wasp per big cage and
with honey for this wasp as food

Density:
no.of scales
per lemon

Dead no. of scales
in replicatíon

Parasitized no. of
scales in replication

I II III Total I II III Total

4
1

1

1

3
1

I
I

3
2
1

2

9
I
5
3

4
2
2
I

3
4
1

1

2
2
2
1

2
4
8
T6

10
4
3
4

Total 7992s 8672L
* Numbers of red scales were originally as 16 for each
density within each replication.

(cont.). 2-way ANOVA among 4 densitÍes of red scale and 3
replications in Experiment 5.

(i). for dead numbers of red scale due to host-feeding of
parasites.

Source of
variance

SS D.F. M.SS F

Density
ReplicaËion
Error

7.5833
o.6667
4.6667

3
2
6

2.53
0.33
0.78

3.2500
o.4296

Total L2.9r67 11 L.L7

(ii). for parasitism of red scale.

Source of
variance

SS D.F. M.SS F

Density
Replication
Error

10.2500
0.5000
1.5000

3.42
o.25
o.25

L3.6667
1.0000

3
2
6

Total 1,2.25 11 1.11
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Appendix Table 5.4 (6). Nunbers of dead and parasitized red
sããtes in Experiment 6: 5 pairs, 5 males and 5 fenales, of
wasps per big cage and with honey for the wasps as food.

Density:
no.of scales
per lemon

Dead no. of scales
in replication

Parasitized no. of
scales in replication

I II III Total I II III Total

16
15
7
0

8
7
1

0

5
7
5
0

3
1

1

0

2
2
0
1

4
7
1

2

2
3
1

0

0
2
0
I

2
4
8
16

Total 365L4 517L638
It Nunbers of red séales were originally as 16 for each
densÍty within each replication.

(cont.). 2-way ANOVA ¿ilnong 4 densities of red scale and 3
replications in Experiment 6.

(í). for dead numbers of red scale due to host-feeding of
parasites.

SS D.F. M.SS FSource of
variance

Density
Replication
Error

7.0000
L.L667
3.5000

3
2
6

33
58
58

2
0
0

4.0000
1.0000

Total rL.6667 11 1.06

(ii). for parasitism of red scale.

Source of
variance

SS D.F. M.SS F

Density
Replication
Error

49.6667
19.5000
19.8333

L6
9
3

3
2
6

.22

.75

.31

4.9076
2.9496

Total 88.0000 11 9.00
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Appendl_x Table 5.4 (7). Nunbers of dead and parasitized red

"ðãte" 
in Experiment 7: one female vtasp per medium cage and

no food supply for this wasp.

Density:
no.of scales
per lemon

Dead no. of scales
in replication

ParasiEized no. of
scales in replication

I II III Total I II III Total

2
4
I
16

3
1

3
3

I
0
I
1

2
0
1

1

0
1

I
I

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

ToLal 34310 0000
* Numbers of red scales were originally as 16 for each
density within each replication.

(cont.). 2-way ANOVA among 4 densities of red scale and 3

replícations for dead numbers of red scale due to
host-feedÍng of parasites in Experiment 7.

Source of
variance

SS D.F. M.SS F

Density
Repllcation
Error

1.0000
o.1667
2.5000

3
2
6

0
0
0

33
08
42

0.8000
0.2000

Total 3.6667 11 0.33
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appendix Table 5.4 (8). Numbers of dead and parasitlzed red

"ããtus 
in Experinent 8: one female r'rasp per big cage and

with a small flowering orange tree in each cage.

Density:
no.of scales
per lenon

Dead no. of scales
in replication

Parasitlzed no. of
scales in replication

I II III Total I II III Total

7
5
8
5

2
0
1
1

2
4
5
2

3
I
2
2

9
9
I
I

1

2
1

1

3
5
2
2

5
2
5
4

2
4
I
16

Total 16t2533 81342s
* Numbers of red scales were originally as 16 for each
density within each replication.

(cont.). Z-way ANOVA anong 4 densities of red scale and 3
replications in Experiment 8.

(i). for dead numbers of red scale due to hoSt-feeding of
parasiLes.

Source of
variance

SS D.F. M.SS F

Density
Replication
Error

o.9L67
15.5000
1 1 .8333

0.31
7.75
L.97

0.1549
3.9296

3
2
6

Total 28.2500 11 2.57

(ii). for parasitism of red scale.

Source of
variance

SS D.F. M.SS F

Density
Replication
Error

2.2500
10.1667
8.5000

0.75
5.08
t.42

o.5294
3.5882

3
2
6

Total- 20.9L67 11 1.90
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Appendix Table 6.1 (1). Mean height (cn) of 5 Phacelia sp.
plants at differenL constant temperatures' with an
artificial photoperiod of L:D=16:8 hours, in relation Ëo

growing durations (days). (startedz 3O/LL/84).

Duration:
days (X)

Height (Y) at tenperture (oC) of:

15 20 24 28

1

6

9

I2

15

18

2L

24

27

30

33

L6.4

28.0

34.6

44.2

53.4

64.O

72.8

77.4

92.4

89.2

90.2

L6.6

32.0

46.4

57.2

66.9

72.6

77.2

79.2

14.4

36.4

49.4

61.8

69.6

72.0

74.2

20.6

37.8

47.2

53.8

56.4

56.8

57.6

Regression equations:

At 15oC, Y = 106.384/l-L + exp(l .679-0.109X)l

At 20"C, Y= 83.305/ll+ exp(1.556-0.193X)l

Ãt 24"C, Y = 80.656/lI + exp(1.453-0.200X)l

At 28oC, Y = 59.740/II + exp(O.595-0.203X)]
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Appendtx Table 6.L (2). Mean accumulated nunbers of flowers

per main sten (mean of 5 plants) at 3 constant temperatures,

with an artlficial photoperiod of L:D=16:8 hours, in
relation to the duration (days) of each flowering period.

Day after the

lst flower
Numbers of flowers aE temPerature:

200c 24"c 28"C

3

5

7

9

11

13

15

17

19

2I
23

25

27

2L.8

60.6

113.4

L92.O

281.8

367.6x

439.4

5L5.2

570.0

635.6

689.2

726.4

6.2

32.O

94.o

L63.4

278.6

4LL.6x

515.0

579.4

627.4

672.4

726.2

781 .8

12.4

30.4

73.2

140.0

2L2.8

295.6*

368.0

394.8

4L9.2

466.6

502.8

527.O

536.2

*: day of 5O% of the total numbers of flowers.

È
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Appendix Table 6.1 (3). Mean numbers of flowers malntainíng

fresh per nain stem (mean of 5 plants) of Phacelia sp. at
each observation day at different constant temperatures'

wíth an artificial photoperlod of L:D=16:8 hours.

Day after
lst flower

Mean no. of flowers at temperature ('C):
20 24 28

1

3

5

7

9

11

13

15

T7

19

2l
23

25

27

o.4

L4.4

35.0

49.O

90.0

LO7.2x

95.4

76.9

95.2
69.4

93.4

48.6

26.9

0.4

6.2

28.0

58.4

83.2

116.6

126.4x

108.2

81.6

43.2

53.6

45.9

72.8

3.2

LL.4

2r.2
40.0

57.0

73.8*
73.6

44.6

24.2

22.6

49.6

43.4

25.6

5.4

*: Maxima of fresh flor¿ers.
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Appendix Table 6.1 (4). Mean volune (micro-liter) of the

nectar (mean of 7 flowers) per flower of Phacelia sp. in
relation to tine (in hours) after sunrise at different
constanË temperatures (oC), with an artificial phot'operÍod

which $¡as sLarted (so-ca11ed sunrise) at 0800' of L:D=16:8

hours.

Sanpling

time

Hours after
sunrise

Volume of necLar at ternPerature:

ls 20 24 28

0812-0900

1035-1 101

1230-130s

1500-1546

1707-1805

1

3

5

B

L.67

L.45

1.33

0.98

0.59

1.07

0.75

r.o2
L.L2

o.62

1.50

1. 14

L.64

L.23

0.95

0.85

0.66

0.53

0.55

0.3610

Total 6.02 4.58 6.46 2.95

Linear regression equations of the relationship between the

mean volumes (Y) of flower nectar and durations of hours (X)

after sunrise at tmeperature:

15oC: Y = 1.82 - 0.11 X (r=-0.9848; d.f .=3, P<0.01)

20oC: Y = 1.03 - 0.02 X (r=-0.3611; d.f.=3, P>0.05)

24"C2 Y = 1.54 - 0.05 X (r=-0.5986; d.f.=3, P>0.05)

28oC: Y = 0.84 - 0.05 X (r=-0.9295; d.f.=3, P<0.05)
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A,ppendix Table 6.2 (1). The observed dead numbers each day

(No.D.D.) and the percentage accumulated dead rates (%

Ac.D.) (Y) of fenale v¡asps of A. nelinus in the rrcontroltr

Treatment 1 (T1) in which wasps hrere provided with h¡ater

only and in Treatment 2 (T2) in which r,tasps were provided

with flower nectar of Phacelia sp. as food in relation to
the durations of days (X) at 25oC and 60 Z R.H.

Day In T1, with water only:
(X) No. D.D Z Ac.D. (Y)

In T2, with nectar:
No. D.D. % Ac.D.(Y)

.75

0
0
0
0
0
3
3
9
2
8

1

1

0
I
2
3
4-5
6
I
10
t2
L4
L6
18
20
22
24
26
28

0
0
0
0
0
1

0
2
1

2
5
4
7
3
4
1

2

0
L7
T4
1

0
53.13*
96.88

100.00

.13

.13

.38

.50

34.38
46.88*'
68.75
78.13
90.63
93.75

100.00

Total 32 32

(i). In Treatment 1: LD50=1.5t0.1 days (range, 1-3 days)

(ii). In Tretment 2z LD50=18.8t0.9 days (range, 6-28 days)

Y=l15.510 / lI + exp(5.256-0.266X) l
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Appendix Table 6.2 (2). Details of the death and the
parasitism of red scale within the densities and
replicatlons (cages): 5 pairs, 5 nales and 5 females, of
wasps of A. neliñus per big cage and with one flowering
Phacelia sp. plant in each cage

Density:
no.of scales
per lemon

Dead no. of scales
in replication

Parasitlzed no. of
scales in replication

I II Iü Total I II III Total

9

1

2

0

3

0

1

0

2

1

1

0

4

0

0

0

3

I
2

2

6

3

3

3

3

2

1

1

0

0

0

0

2

4

8

16

Total 08715 444L2

x The numbers of red scales were originally as 16 for each

densÍty within each replication (cage). The total nunbers

of red scales were originally as 16 (no. in each desity) x 4

(desities) x 3 (replications)=1p2.
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Appendix Table 7.2 (L). Mean numbers of red scale per
observation circle (15nn in dianeter) on lemons fron the
interior part of the canopy

Height Aspect No. of observa-
tion cÍrcle on
each lemon

Numbers of scales

Total Mean (per circle)

Top N.
S.
E.
I,ü.

228
238
75
283

35
24
24
29

6.51
9.92
3. 13
9.76

Medium N.
S.
E.
hl.

15
6
2
9

70
45
83
00

20
22
30
26

3L4
r42
85
234

BoLtom N.
S.
E'

W.

Appendix Table 7.2 (2). Mean numbers of red scale per
observation circle (15mn in dianeter) on lenons from the
outer part of the canopy

Height Aspect Numbers of scales

28
28
35
25

4L
47
4L
4s4

L.46
I .68
T.L7

18.16

No. of observa-
tion circle on
each lemon Total Mean (per circle)

Top N.
S.
ï,

Tü.

27
25
27
22

103
98
L29
228

3
3
4
01

81
92
78
36

Mediu¡n N.
S.
E.
I^I.

29
24
24
28

L92
r64
42
203

6.62
6.83
I.75
7.25

Bottom

33

N

S

E
hr

.L4

22
27
29
2L

49
88
L49
LL2

.23

.26
2
3
5
5
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Appendix Table 7.2 (3). Mean numbers of red scale per

observation clrcle (15mm in diameter) on lemons from

different aspects (north, south, east and west), heights
(top, medium and bottom) and parts (interior and outer) of
the canopy

Height Aspect Mean nunbers of red scale of:

interior
canopy

outer
canopy total

ToP N.
S.
E.
ü1.

Total

51
92
13
76

6
9
3
9

3.81
3.92
4.78

10.36

22.87 52.L929.32

Mediun N.
S.
E.
Í1.

15.70
6.45
2.83
9.00

6
6
1

7

62
83
75
25

Total 33.98 22.4s 56.43

Botton N.
S.
E'

I,tl.

r.46
1.69
L.L7

18.16

22.47

2.23
3.26
5.r4
5.33

15.96Total 38.43

Total 85.77 6L.28 L47.O5
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Appendíx Table 7.3 (1). Log (x+1) of total numbers (sum of live and dead)
of each stage of red scale per 100 observation circles (1.5cn diameter for
each) on lemons at each sampling date; 3/5/84-12/S/A6.

No. Date W.C. 1st 1st
instar moult

2nd 2nd
ínstar moult

3rd adult male Total
Ínstar

1
2

3

4*
5
6
7
I
9

3/5/84
22/7
4/to
23lLO
8/tL
L9lLL
6/L2
t6/L2
2e/t2
LL/L/8s
Le/t
26/L
3/2
t3/2
24/2
e/3
t7 /3
30/3
L4/ ¿

4/s
2s/8
6/LO
29lLO
L2/tt
L/t2
L8/t2
3/L/e6
ts/!
27 /t
7/2
Lø/z
2/3
t2/z

o.9998
o.3224
o
o
o
o. 3 179
1.0888
t.2546
o.8310
1. 0056
L.O442
1. OOOT

o.6259
o. ss60
o.5735
L.6670
0.4915
o.8481
o.9408
L.42L9
o
o
o
1.34r.8
o.5664
o. 3996
o.6884
o
o.6724
2.0890
1.0150
r.7623
2. OO93

2.0427
2.3383
1.9s99
L.82s7
t.69L4
L.8477
L.946L
2.0739
2.O2LL
2.0996
1.9483
2.4594
2.2904
2.3476
2.2265
2.5533
2.4040
2.0891
2.4404
2.2L57
1. 603 7
1.2060
L.3344
1.7593
2.L542
2.253L
2.0467
2.2072
1.7609
2.2413
2.6449
2.9355
3.0304

2.OO43
1.6916
o
o
o
o.2354
1.5630
1.1976
L.27L6
1.1982
1.5593
t.5234
t.4947
1.9043
L.9L47
2.0307
2.2522
1.9938
2.0482
L.6467
o.8802
1. 0651
o.9687
o.4L7L
1.5300
1. ?187
L.4229
1.6376
t.2736
1.4053
2.4632
2.7232
2.5500

1.8813
2.OO43
1.6998
1.4839
1.2680
L.2946
1.7531
1.5388
1.4806
1.3731
1.6856
1. s878
1.1431
L.2628
1.8150
L.4574
2.0133
2. 1351
2.3645
2.1103
L.94L7
1. s165
L.2924
o.9416
L.3949
1.6s10
1.8201
L.72L9
L.4914
1.081?
1.5965
2.3134
2.4L49

L.4'130
L.3L92
0.3203
0.3585
o.3966
o
0.6878
1.2889
1.L784
1.1607
L.3674
L.623L
L.4242
L.592L
1.3756
r.7887
L.7645
1.5763
L.8457
1.6343
1.5687
1.3194
o.9366
o.51 30
o.6042
1.5664
1.8528
1.7155
1.5585
L.2945
t.4442
2.LL77
2.3660

2.OO43
1.9963
1.8sO1
L.5799
1.3097
L.4412
1.3013
1.5829
1.5651
t.6264
1.6692
1.8365
1.7593
L.7378
L.3222
1.5135
t.a624
1.816 3

2.2543
2.1103
1.5909
1.8200
t.632L
1.4422
L.s427
1.5881
1.7816
1. 7898
1.8208
1.8664
1.8131
2.0673
2.3993

1.3445
o.9923
o.8562
o.4970
o.1377
o.754L
0.7730
1.1075
0.9852
1.3311
1.5550
1.8233
1.6755
1 .8876
1.5503
1.8676
1.8035
1.5809
1.6s43
1.1688
o.2492
o.8948
L.6549
L.4L77
1.2580
0.5138
1.3695
1.5884
2.792L
1.9031
1.8940
2.28L2
2.L364

2.t507
L.4723
1.1600
o.9484
o.7367
1.0150
1.2355
1.37L2
1.5900
L.4727
1.8155
2.0096
L.7244
1.8105
1.8354
2.0402
2.2995
2.34t5
2.4956
2.1492
1.6550
1.2060
L.3344
0.9253
L.0026
L.72LA
2.0272
L.9932
t.4467
L.7297
1.8455
2.6266
2.8610

2.7670
2.7540
2.3633
2.t646
1.9658
2.1t92
2.3707
2.4402
2.4050
2.4413
2.5L20
2.8081
2.6257
2.7430
2.664L
2.90e7
2.9663
2.8803
3. O901
2.8355
2.40t7
2.2L45
2.204t
2.1818
2.4256
2.6056
2.70L3
2.6583
2 .5313
2.7439
3.0259
3.3997
3.4962

10
11
L2
13
t4
15
16
L7
18
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33

4*: means of data of No.3 and No.5 for the nissing ones.
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Appendix Table 7.3 (2). Log (x+1) numbers, live only, of each stage of red
scales per 100 observation circles (1.5cm diameter for each) on lemons at
each sampling dare i 3/5/84-12/3/86.

No. Date W.C. lst lst
instar moult

2nd 2nd
instar moult

3rd adult male Total
l-nstar

1
2

3

4*
5
6

7
I
9

3/s/e4
22/7
4/LO
23/LO
8/LL
t9/L\
6/L2
t6/72
28/L2
LL/L/85
t9/L
26/L
3/2
t3/2
24/2
e/3
L7/3
3o/z
L4/ ¿

a/s
2s/8
6/LO
29lto
t2/tt
t/L2
te/L2
3lt/86
tslt
27 lL
7/2
L6/z
2/3
t2/3

o
o.2394
o
o
o
0.13 34
o.77 30
0.1364
o
0
o
o.5876
o
0.5003
o
o
o
o.4794
o.7 57 5
1.0881
o
0
o
1.33s4
0.5664
0.3996
o.1s57
o
o.2407
2.0626
o.9838
1.73s8
L.9223

1.7001
L.77L5
o
o.7 47 3
L.4945
L.6278
1.4091
1.5829
1.6501
1. 3568
L.L972
1.6102
r.7743
L.9572
2.toa7
2.449L
2.L579
L.6204
1.9698
1.6857
0.8080
o
o
1.6908
2. O809
2.L374
L.7002
1.6120
1.5630
2.r47L
2.6593
2.7552
2.9476

1.7563
L.477 I
o
o
o
o.2354
1.1010
1. O349
0.8954
o.9866
1. O581
o.9438
1. 0285
L.6420
L.At24
L.9443
2.0434
1.8028
1.8039
1.4150
o.6881
o.2266
o.2266
o.4t7L
L.4447
L.66s4
1.5656
1 .4309
1. 0265
1.3110
2.4334
2.5e77
2.4907

t.62L5
1.6136
o. 3203
o.4794
o. 6393
o.1334
1. 0215
L.L976
t.227s
1. 0901
o.9672
1.1859
o.6655
1.1180
1.7505
1.4133
L.9t2t
1. 9606
2.0153
1.5760
1.4551
o.L2'19
o
o.3599
t.24L6
1. 5044
1.6570
L.632L
t.2472
0.8517
L.4994
2.1409
2.3858

1.3958
.0385
.2374
.2398
.2421

.44LO

.1435

. 0987

. oo56

.2070

.4479

.LL72

.2524

.2796

.7225

.6379

.4776

.7477

.4855

.5105

.o249

.12L4
o.4274
1.5483
1.8395
L.6732
1.4809
t.0952
1.4059
2.0823
2.3180

1. s386
L.2A7 4
L.4732
L.23s7
o.9981
o.3472
o.1310
L.0682
1.3821
1. 3650
1.3871
1.3939
1.4474
1.3870
1. 03 36
L.29L7
1.5890
1.6488
L.9322
L.4674
1.3848
1.6927
1.2a99
o
o.6391
L.42s9
t.7LL2
L.6732
L.6948
L.6773
1.6451
1.8063
2.3423

1.0146
0.4530
o.7579
o.4474
0.1 377
o .7 54t
0. s817
o.4s4t
o.s47 4

1.2327
L.3252
1.5690
t.4042
t.75L4
1.3057
L.6744
t.57 47
t.2234
1.1808
0.9502
o.1423
0.8552
7.6549
1.3017
0.7806
0.1390
1.3363
1.5105
L.7200
L.7596
1.8203
2.t780
1.9570

2.O373
1.6648
0.8337
o. 485 7

0.13 77
0. 5886
o.44LO
L.272L
1.5058
1.3131
L.7L97
1.8689
1.6605
1.7547
1.8098
2.0060
2.2673
2.2659
2.3'l09
1.9630
1.5105
1. L019
L.237s
o.7497
o.9234
1.7060
t.9427
1.9398
1.7773
1.6703
1.7960
2.5457
2.4436

2.507 5
2.3103
L.6242
1.6389
1.6535
L.73L4
L.7664
2.O275
2.L324
2.0402
2.L599
2.3533
2.2s83
2.4761
2.5s42
2.7854
2.8099
2.6706
2.8015
2.4442
2.O943
1.8828
1.8736
1.9873
2.266t
2.5080
2.5496
2.5030
2.40to
2.644L
2.9424
3.270]-
3.4364

1

0
o
o
o
o
1
1

1
1
1
1

1
1
1

1
1
1
1

1

1
o
o

10
11
t2
13
L4
15
16
L7
18
19
20
2L
22
23
24
25
26
27
2A
29
30
31
32
33

4*: means of data of No.3 and No.5 for the missing ones.
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Appendix Table 7.3 (3). Mean number per 100 observation
circles (1.5crn diameter for each) and percentage dead of
white-cap (hI.C.) instar, lst instar and lst moult instar red
scale at- each sampling date; 3/5/84-12/3/86.

Sampling:
No. Date

l,{.c. lst instar lst moult

No. % d,ead No. 7" d,ead No. i( d'ead

1

2
3
4
5
6
7
I
9
10
11
T2
13
I4
15
T6
L7
18
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33

9
1

0

0
I
11
T7

45
2
6
8
25
0
0
0
21.
3
2
4
0
4
L22
9
57
101

109
2r7
90

100
48
0

0
I
36
15
18
15
35
32
30
79
81
106
r78
98
111
43
7
11
I
2
33
51
66
43

3/s/84
22/7
4/Lo
23/Lo
8/rt
T9lIT
6/12
t6/L2
28/L2
rr/r/8s
t9lr
26/L
3/2
13/2
24/2
e/3
17 /3
30/3
t4/4
4/s
2s/8
6/Lo
29/LO
T3/LT
t/L2
L8/T2
3/r/86
L5/L
27 /t
7/2
16/2
2/3
t2/3

66.67
56.25
97.83

100.00
100.00
100.00
68. 18

100.00
t6.67

100.00
100.00
100.00

66.67
38.89
55.74
0
0
0
1.s4
0
0

88.89
0

80.00
5.96
7.69
6.O2

18.32

48
69
87
119
104
125
88
287
L9t+
222
L67
357
253
122
275
163
39
15
2L
56
L43
178
110
98
57
L73
483
861
1071

5s.06
73.22

100.00

.2r

.86

.77

.73

.99

.58

.20

.16

.92

.57

.gg

.40

.43

.56

.4r

.92
86. 14

100.00
100.00

L4.86
16.43
23.52

6L.22
41.18
70.4r
75.95
69.00
45.90
2L.26
L8.22
32.39
35.95
43.4r
42.31
41.18
93.55
92.00

0
10.20
LT.76
45.39
40.18
45.83
20.3r
6.58

26.87

43.94
39.69

0

0
0

67.33
32.50

100.00
33.33

0

0 37
38
7T
68
57
82
B3
86
69
s9
23
2L
43
66
66
70

6
9
10
9
3
3
3

.8113

18

55.47
59.29
37.25
19.60
5.73

34.01
L7.37

24
290
528
358
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Appendix Table 7.3 (4). Mean number per 100 observaËion
circles (1.5cn dÍameEer for each) and percentage rates of
deauh (D.) and parasitism (P.) of 2nd instar and 2nd moult
insËar female red scale at each sarnpling date;
3/s/84-L2/3/86.

Sampling:
No. Date

2nd instar 2nd moult

No. 7" P. 7" D. TotaL % No. 7" D.

L 3/s/84
2 22/7
3 4/LO
4 23/rOs 8/Lr
6 tglrL
7 6/L2
8 r6/L2
9 28/L2
10 n/L/8s
11 tglr
t2 26/L
13 3/2
14 L3/2
ls 24/2
16 9/3
L7 r7/3
18 30/3
L9 L4/4
20 4/s
2L 2s/8
22 6/10
23 29/tO
24 L3(LL
2s L/L2
26 L8/12
27 3/r/86
28 rs/t
29 27/r
30 7/2
31 L6/2
32 2/3
33 t2/3

62.r2
6r.96
71.88
30.00
L4.O2
10.00
18.93
32.74
5L.77
67.42
65.92
98.92

100.00

16.87
50.00
33.33

29.70
12.90
5L.72

100.00
85.71
44.4t+
4.2L
3.07

11.19
16.84
38.78
L7.O7
7.89

10.52

75
100
49

1B

19
56
34
29
23
24
38
13
17
64
28
LO2
13s
230
r28
86
32
19
I
24
44
65
53
30
11
38
205
26L

41.94
5L.47
97.78

.85

.08

.91

.o4

.69

.15

29
20
1

1

0
4
18
L4
13
22
4T
26
3
23
60
57
37
69
42
36
20
8
2
3
36
70
52
35
t9
29
130
23t

80
98
82
56
45
46

3.69
8.46
0

0
0
0
0
0
3.8s
3.03
0
0
0
0
0
2.06
0.60
3.72
3.91
2.24
0
0
0
0
0.86
0
L.47
0
6.90
0
0
0

45.63
59.93
97.78

lo.oo
0
54.55
30.00
17.95
32.26
32.26
34.00
53.13
55.68
20.69
14.38
25.74
20.88
20.50

90.85
98.08
82.9r
56.04
45.68
50.00
65. 15
6r.96
71.88
30.00
14.o2
10.00
20.99
33.34
55.49

L6.67 L6.67
30.99 30.99
28.45 29.3L
3L.79 3L.79
L9.t2 20.59
44.44 44.44
37.93 44.83
20.56 20.56
32.94 32.94
7.39 7.39

7L.33
68.16
98.92

100.00
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Appendix Table 7.3 (5). Mean number per 100 observation
ciictes (1.5cn diameEer for each) and percentage rates of
death rrrd p"r""itism (Para.) of_3rd instar female red scale
at each sampling date; 3/5/84-12/3/86.

Sampling:
No. Date

No. of
red scale

7" tate of¿

Para. Dead Total-

L 3/s/84
2 22/7
3 4/rO
4 23/rOs 8/rr
6 IglTL
7 6/L2
8 L6/L2
9 28/12
10 LL/t/8s
11 rglL
L2 26/L
13 3/2
L4 t3/2
ls 24/2
16 9/3
L7 r7/3
18 30/3
19 L4/4
20 4/s
2L 25/8
22 6/LO
23 29/LO
24 t3lLL
2s L/L2
26 t8/L2
27 3/r/86
28 ts/L
29 27/t
30 7/2
31 16/2
32 2/3
33 L2/3

4L.25
47.37
58.46
62.86
77.85
38.77
25.79
57.L1+

100.00
90.10
26.06
L5.22
25.L6
25.56
35.79
32.59
45.57
L2.36

100
98
70

19
27
19
37
36
4L
46
68
56
54
20
32
72
105
180
t28
38
65
42
29
34
38
59
62
6s
73
64
116
250

44.98
37.08
8.33

r.92
4.05
1.8s
0.99
2.O2
6.32
9.45
1.82
0.71
0.81

LL.76
3.75

10.53
2T.T5

2L.45
44.19

51.43
s5.6s

.22

.50

.84

66.43
8r.27
58.8550.52

st.92
90.54
96.30
70.30
33.33
40.00
39.37
63.03

39
37
36
37
40
55
34

5;
94
98
7T
35
46
48
64
52
s6
50

.84

.59

.15

.29

.35

.32

.82

.85

.14

.46

.98

.31
22.38
22.80
4.08
1.05
9.52
6.s9
2.97
0.06
2.90
5.03

11.36
7.37
L.69
2.37
g. 19

69
24.74
t+7.62
93.4r
87.13
26.OO
12.32
20.13
L4.20
28.42
30.90
43.20
4.L7

48
05
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Appendix Table 7.3 (6). Mean number per 100 observatlon
circles (1.5cm dianeter for each) and percentage rates of
death and parasÍtism (Para.) of adult instar female red
scale at each sampling date; 3/5/84-12/3/86.

Sarnpling:
No. Date

No. of
red scale

% rate of:

Para. Dead Total

2L
20

1

2
3
4
5
6
7
B

9
10
11

5.88

0
0

2t.43
62.50
50.00
L4.99
29.89
20.00
36.52
ro.23
31.82
32.O7

0
0
0

2L
64
66

3
5
2
5
6
6
3

00

.56

3/s/84
22/7
4/LO
23/LO
8/LL
L9/TT
6/12
L6/T2
28/t2
TL/L/85
L9lL
26/L
3/2
L3/2
24/2
e/3
17 /3
30/3
Lt+/4
4/s
2s/8
6/Lo
29lLO
L3/LI
T/L2
t8/t2
3/L/86
ts/L
27 lt
7/2
L6/2
2/3
L2/3

2L
9
6

0
5
5
I2
9
20
35
66
46
76
35
73
63
37
45
T4
1

7
43
25
T7
2
22
39
62
79
77
190
136

54.10
79.L7

32.89
43.48
46.L5
30.30
50.00

I

.88

.67

.85

.00
13.77
22.7L

t.64
0

17.65

14.13
22.L2
L2.L2

55.74
79.r7

2L.27
42.27
45.00
46.95
27.28
44.32
36.42
4I.6L
57.61
68.27
42.42
50.00
10.00

L6.76
28.51
15.82
2L.26
34.09

0
0

2L.

6.
13.

23.53

0
0

42.86
94.38
70.83

T2
13
L4
15
16
17
18
T9
20
2T
22
23
24
25
26

28
29
30
31
32
33

25

43
88
83
38
40
00
43
05
50
35
72

79
7L
67
85
00
99
80
98
49
4I

1

1

1

0
7
2
4
I

0
0
2
5
6
3
4

1

1

9.84
14.77
30.68

27

0
24.35
70.59
83.34
7.70

19.00
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Appendix Table 7.3 (7). Mean number per 100 observation
ciicles (1.5cm diameter for each) and percentage raËes of
death and parasitism (para.) of male red scale at each
sampling dàte; 3/5/84-L2/S/e0.

Sampling:
No. Date

No. of
red scale

% rate of.z

Para. Dead Total

L 3/s/84
2 22/7
3 4/tO
4 23/LO
5 8/TL
6 TglLT
7 6/L2
8 16/L2
9 28/L2
10 LL/T/85
11 rglL
12 26/L
13 3/2
t4 L3/2
ls 24/2
16 e/3
L7 t7/3
18 30/3
t9 r4/4
20 4/s
2L 2s/8
22 6/10
23 29/LO
24 L3|II
2s rltz
26 L8/r2
27 3/L/86
2S tslL
29 27lL
30 7/2
31 16/2
32 2/3
33 L2/3

140
74
13

23
38
29
64
101
52
64
67
109
198
219
3L2
L40
44
15

7
9
52
10s
98
69

69
422
725

20.44
25.50
54.05

91.67
69.23
g4.78
21.3L
18.10

11.81
L4.44
13.04
10.94
9.00
3.94

9L.67
69.23
89. 13
2T.3L
18.10
31.82
20.TL
27.93
13.95
12.24
5.81
7.63
7.20

16.05
25.O4
35.12
28.95
22.73
20.97
30.43
18.52
3.65

L7.28
L2.60
14.45
13.04
10.94
10.80
3.94

2.7r
13.00
2.70

0
0
4.35
0
0
6.06
0.56
0.40
0
0
0
0.36
1.06
0.55
2.89
9.23
0
0
0
0
0
0
0
o.47
0.01
0
0
1.8
0

23.15
38.50
56.75

4
9
16

2L

91

25.76
19.55
27.53
13.95
12.24
5.81
7.27
6.L4

15.50
22.15
25.89
28.95
22.73
20.91+
30.43
18.52
3.65

L7.28
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Appendix Table 7.3 (8). Mean numbers per 100 -observation
.ii.i." (1.5cm dtametãr for each), namely, dead (D'), live
and paraÀitized (pqtt.)¡ .9f.-1ed scale overall stgges at each

""rpiit g date; zÌs/g+-tZ/3/86. Also given are the
percentage rates of dead and total aeãa (aead + para') of
red scale.

SamplÍ-ng:
No. Date

Number of red scale Z rates of:

Dead Live Para.* Total-

c. A.

Dead Total
dead
(D.+P. )

t4
8
1

0
0
1

7
4
4
10
13
L7
I
11
23
2T
16
2L
4
0
1

0
1

I
0
I
5
9
19
7
28
42

52

22

27

1

2
3
4
5
6
7
I
9
10
11
L2
13
T4
15
16
L7
18
19
20
2L

23
24
25
26

28
29
30
31
32
33

47
77
L74
161
113
158
165
402
224
246
90
L75
247
t29
519
3s5
L24
88
83

80
78
L46
tL7
72
90
93
616
34t

2L.24
L6.25
8.77

24.55
10.88

3/s/84
22/7
4/Lo
23/Lo
8/TL
t9lrr
6/t2
L6/12
28/L2
tr/r/8s
L9lL
26/L
3/2
L3/2
24/2
e/3
17 /3
30/3
14/4
4/s
2s/8
6/LO
29lro
12/TL
UL2
L8/L2
3/L/86
ß/r
27 lL
7/2
L6/2
2/3
L2/3

200
302
L82

321
204
42

44
53
58
106
13s
109
t44
224
181
298
3s8
609
644
468
632
278
t24
75
74
96
184
32L
3s4
318
250
440
959
1862
273r

49
53
5

0
1

I
0
1

4
5
2
0
0
2
2
t2
24
58
47
3
1

4
2
1

3
1

5
8
5
I
3
20

s84
567
230

91
131
234
274
253
275
324
64L
422
552
46t
809
924
637
r230
684
25r
165
161
151
266
402
502
44s
339
554
1060
2509
3134

34.2s
53.26
79.L3

45.03
64.O2
8r.74

sI .65
59.54
75.21
61.31
46.64
60.36
55.56
65.05
57.11
46.OL
22.34
24.72
30.30
26.53
48.62
59.36
50.60
54.55
54.O4
36.42

,r. o,
58.78
74.36
58.76
44.66
57.45
50.93
62.7r
53.08
44.57
L9.52
2L.74
26.73
20.25
42.20
51.90
49.40
53.33
51.55
34.44
30.08
L9.40
29.O8
26.29

30.83
20.L5
29.48
28.54
26.26
20.58
9.53

25.79
L2.86

It C.: Conperiella bifasciata Howard.
A.: Aphvtis nelinus DeBach.
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Appendix Table 7.3 (9). Obtained from Appendix Table 7.3 (2), the
giòwth raterrrrr, r=1og [N(t+1)/N(t)], of live red scales of each stage
in each observatlon iñterval (between time t+l and t)-

Sampling:

No. Date

r-values of scale of stage:

1st 1st 2nd 2nd 3rd
instar moult instar moult instar

adult male Total

2

3

4*
5
6
7

I
9

3/s-22/7 /84
23 / 7-4/ tO
5-23/tO
24/tO-B/LL
9-L9/tt
20/Lt-6/L2
7-L6/L2
L7-28/t2
2e/L2/eL-tl/t/8s
L3-L9/t
20-26/L
27 /L-3/2
4-t3/2
L4-24/2
2s/2-e/3
to-L7 /3
1 8-3O/3
31/3-t4/4
Ls/ 4-4/s
s/s-25/8
26/8-6/LO
7-29/!O
30/tO-!2/LL
L3/LL-L/12
2-L8/L2
te/t2/8s-3/L/86
A-ts/L
t6-27 lL
28/L-7 /2
8-t6/2
L7 /2-2/3
3-13/3

o. 07
-t.77
0.75
0.75
o.13

-o.22
o.17
0. 07

-o.29
-0.16
0.41
o.16
o. 18
o.15
o.34

-o.29
-0.54

o. 35

-o.28
-0.88
-0.81

o
1.69
0.39
o. 06

-o.44
-0. 09
-0. 05

0.58
o. 51
0.10
0.19

-0.28
-1.48

0
o
o.24
0.87

-0. o7
-o.14
o. 09
o. 07

-o.11
o. oB
0.61
o.L7
0.13
o.L4

-o.28
o

-0.39
-0.73
-o.46

0
0.19
1. O7

o.18
-o.10
-o. 13
-o.40
o.28
L.l2
o.15

-o.10

-0.01
-L.29
0.16
0.16

-o.51
0.89
0.18
o. 03

-0.14
-o.L2
o.22

-o.52
0.45
0.63

-0.34
0.50
o. 05
o. 05

-o.44
-o.L2
-1.33
-0.13
0.36
0.88
o.26
o.15

-o.02
-o.38
-o.40
o.6s
o.64
o.24

-0.36
-0.80

o
o

-o.24
o.44
0.70

-0. 04
-o. 09
o.20
o.24

-0. 33
o.l4
o. 03
o.44

-0. 08
-0.16
o.27

-o.26
o. 03

-o.49
-¡..o2
o.L2
0.31
L.L2
o.29

-o.L7
-0.19
-0.39

o. 31
0.68
o.24

-0. 25
o. 19

-o.24
-o.24
-0. 61

-o.26
o.94
o. 31

-o.02
o. 02
o
0. 05

-0. 06
-0. 35
o.26
0.30
o. 06
0.18

-0.36
-0. 08
0.31

-o. 40
-L.29
o.64
o.79
o.29

-0. 04
o.o2

-o.02
-0. 03

o. 16
0.54

-0.56
0.30

-0.31
-0.31
o.62

-0. 17
-0.13
o.09
o.69
o. 09
o.24

-0.16
0.34

-0.45
o.37

-0.10
-0.35
-0.04
-o.23
-o.81
0.71
0.80

-0. 35

-o.52
-o.64
L.20
0.17
o.2t
o. 04
0.06
0.36

-o.22

-o.37
-o. 83

-0.35
-o. 35
0.45

-o.15
0.83
o.23

-0.19
o.4L
o.15

-o.2t
o. 09
0. 06
o.20
o.26
o
o.11

-o.41
-o.45
-0.41

0.14
-0.45

0.13
o.78
o.24
o

-o.16
-0.11

0.13
o.79
o.26

-o.20
-o.69

o. 01
o. 01
0.08
o. o4
o.26
o.10
o. o1
o.L2
o.20

-o. 10
o.22
o. o8

o.o2
-o.14
0.13

-0. 36
-0. 35

-o.2L
-o. 01
0.11
0.28
o.24
0.04

-0. 05
-0.10
o.24
o.34
o.29
o.17

Lo
11
L2
13
L4
15
16
L7
18
19
20
2L
22
23
24
25
26
27
2A

29
30
31
32
33

o.23

4*: neans of data of No.3 and No.5 for the missing ones.
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Appendtx Table 7.3 (10). The growth rate'rrtt, r=1og [N(t+1)/tl(t)], of
live red scal-e of each stage Ín each of the observation lntervals in
which the extreme temperaËure T<10oC. The noulting stage was denoted
as ttm.tt. Data of extreme temperatures were obtained from Table 7.3
(1) and ttrtt values \{ere from Appendix Table 7.3 (9).

No. of
sample

T.
("c)

Growth rate, r, of each stage of red scale

lst lst m. 2nd, 2nd n. 3rd adult male total

2

3

4

5

7

L6

t9
20

2T

22

23

24

25

26

27

28

29

30

3

5

8

9

9

10

10

10

4

6

I
10

10

9

10

10

10

10

0.07

-L.77
0.75

0.75

-o.22
0.34

0.35

-0.29
-0.88
-0.91

0

r.69
0.39

0.06

-0.44
-0.09
-0.05
0.58

-0.28
-1.48

0

0

0.87

0,13

0

-0.39
-0.73
-o,46
0

0,19

1.07

0.19

-0.10
-0.13
-0.40
0.29

-0.01
-L.29
0.16

0.16

0.gg

-0.34
0.05

4.44
-o.L2
-1.33
{.13
0.36

0.88

o.26

0.15

-o.o2
-0.39
-0.40

-0.36
-0.80
o.24

-o.24
o.44

o.44

o.27

-o.26
0.03

-0.49
-L.O2
o.l2
0.31

L.I2
o.2g

-0.17
-0. 19

-0.39

-o.25
0.19

-o.24

-o.24
4.26
0.26

0.18

-0.36
-0.08
0.31

-0.40

-L.29
o.64

o.7g

o.29

-0.04
0.02

-0.02

-0.56
0.30

-0.31

-0.31

-o.L7
0.37

-0.04
-o.23
-0.81

o.7L

0.80

-0.35
-o.52

-o,64
L.20

0.17

o.2L

0.04

-0.37
-0.83
-0.35
-0.35
-0.15
0.20

0.11

-0.41
-0.45
-0.41
0.14

-0.45
0.13

0.78

o.24

0

-0.16
-0.11

-0.20
-0.69

0.01

0.01

0.04

o.23

0.13

-0.36
-0.3s
-o.2r
-0.01

0.11

0.28

o.24

0.04

-0.05
-0.10
o.24
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Appendix Table 7.3 (11). The growth rate, r=1og [N(t+1)/t't(t)], of
each sLage of live red scale in each of the observation intervals in
which the extreme temperature T>35oC. The moulting stages r{ere
denoted as ttm.tt. Data of extrene temperatures were obtained from
Table 7.3 (1) and ttrtr values were from Appendix Table 7.3 (9).

T.
("c)

Growth rate, r, of each stage of red scale

lst lst n. 2nd. 2nd n. 3rd adult male total

No. of
sanple

6

7

I
9

10

11

t2
13

L7

27

30

31

32

33

36

36

35

36

36

40

38

4L

37

35

37

37

36

40

0.13

-o.22
0.17

0.07

-o.29
-0,16

0.41

0,16

-o.29
-o.44
0.58

0.51

0.10

0.19

o.24

0.87

-0.07
-0.14
0.09

0.07

-0.1 I
0.08

0. 14

-0. 10

0.28

L.I2
0. 15

-0.10

-0.51
0.gg

0.18

0.03

-0.14
-o.r2
o.22

-o.52
0.50

0.15

-0.40
0.65

o.64

o.24

-o.24
o,44

0.70

-0.04
-0.09
o.20

o.24

-0.33
-0.08
o.29

-0.39
0.31

0.68

O.2l+

-0.61

-o.26
o.g4

0.31

-0.02
0.02

0

0.05

0.30

0.29

-0.02
-0.03
0.16

0.54

o.62

-0. 17

-0.13
0.09

0.óg

0.09

o.24

-0.16
-0.10

L.20

0.04

0.06

0.36

-o.22

0.45

-0.ls
0.83

0.23

-0.19
0.41

0.15

-0.2r
o.26

0.24

-0.11
0.13

o.7g

o.26

0.08

0.04

0.26

0.10

0.01

o.L2

o.20

-0.10
o.o2

0.04

o.24

0.34

o.29

0.17
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Appendix table 8.2 (1). Reproductlon of nunbers of crawlers per
female adult red scale; on lemons on the tree in the hlaite fnstltute
Orchard, 1986

Day Date reproduction of crawlers of adult:

L2345678910Total
4
46
48
23
T2
L7
13
22
43
31
11
40
49
32
2
4
4
7
6
7
1

8
10
4
0
0
0
4
7
L4
2
5
6
4
0
0
0
1

0
0
0

9
7
4
0
0
0
0
5
1

7
6
6
4
0
0
0
0
3
4
0

0
0
0
0
0
0
0
0
0
0
8
10
8
1

0
1

2
0
0
0

7
9
5
4
0
0
t+

9
10
0
5
5
5
0
0
0
0
0
1

0

2

4

9
6
0
0
0
0
0
1

0
0
1

1

0
0
0
3
0
1

2
0

0
0
0
0
1
6
6
I
4
0
4
6
2
0
1

0
2
0

0
0
0
0
0
0
0
0
0
0
4
7
5
0
0
0
1

0
0
0

3
I
2
3
3
5
5
3
2
2
2
3
3
0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
0
2
2
0
0
0
0
0
0
0
0

4
10
I
I
5
2
2
3
4
0
0
3
3
1

1

3
0
1

2
0
0

13
15
L7
19
2L
23
25
27
29
31
33
35
37
39
lrL

e/2
LL/2
t3/2
15/2
L7 /2
L9/2
2r/2
23/2
2s/2
27 /2
L/3
3/3
s/3
7/3
e/3
TT/3
t3/3
Ls/3
L7 /3
t9/3
2L/3

1

3
5
7
9
11

0
0

Total 36 38 3

Mean+SE/per adult

15 24 36 28 36 36 32 422

28.4¡-3.6

Mean ambient tmeperature (obtained from a Stevenson Screen):
(a) 2I.8 + 0.8 ("C) for period of 2/9-7/3.
(b) 21 .7 + 0.6 (oC) for períod ot 9/2-2L/3.




