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SUMMARY

The Grape-Vine Moth, Phalaenoides glycine is a native Australian

insect. It originally fed on native foodplants but is now a pest on
the introduced grape vine.

Adults of the first generation emerged in spring. This generation
was completed by Deéember. The second generation began in mid-January
and lasted through until March. Numbers in the second generation were
always much higher than in the first generation. It is suggested that
this was due to pupae remaining in diapause from one second generation to
the next.

The sex ratio was male dominated at the beginning of the season but
changed to female dominated at the end of the season. Overall the sex
ratio was 1:1 but it differed both in time and space.

The distribution of eggsand larvae in the vineyard was patchy - at
least in the second generation when population numbers were high. In the
first generation numbers were always low and the distribution did not
differ from random.

There was usually a pre-oviposition period of 1-2 days but this was
not necessary for the production of fertile eggs. On emergence no €ggs
in the o?aries were mature. Maturation continued throughout the life of
the moth. The rate of oviposition was greatest on the second day of
oviposition.

The female reproductive tract and the reproductive states of moths
of different ages were examined and used to determine the mated state of
live and dead females in the field. Dead females realized most of their
reproductive potential. The mean fecundity of moths was approximately
1100 eggs but rarely was this number laid. The optimum temperature for

oviposition was approximately 25°C. Food (adult) influenced fecundity



because it influenced longevity. 1In general heavier moths were more
fecund. All eggs examined in the field were fertile and all female moths
collected had mated.

Female moths do not oviposit at random. Most eggs were found on
canes that trailed on the ground. Shelter was the main factor determining
choice of oviposition site. Wind speed affected moth flight and thus,
indirectly, oviposition. Moths flew at wind speeds of up to 11.0 km/hr.

The most important predator of Phalaenoides glycine was Oechalia

schellenbergii. Bug population numbers fluctuated in a similar manner to

those of larvae but the peak in bug numbers occurred approximately 3 weeks
after the peak in larval numbers. Other predators included birds, spiders
and robberflies.

The most important parasites were Tachinid flies. These attacked
late instar larvae and in some seasons the rate of parasitism was as
high as 64%. Other parasites were a small Eulophid wasp, Euplectrus

agaristae, parasitic on the larval stages of P. glycine; Lissopimpla

semipunctata and Ecthromorpha intricatoria, two Ichneumonids and Eurytoma

sp., a Eurytomid, all pupal parasites.

Disease (a granulosis virus), flooding of the vineyard in winter,
temperature, ploughing and fertility were not considered important causes
of death.

In the egg stage there was considerable mortality due to failure of
the eggs to hatch.

Phalaenoides glycine is an unusual insect in that it is a native

insect which has seemingly deserted its native hosts and become a pest on
the introduced grape vine. P. glycine larvae will survive on Hibbertia
scandens (a native of New South Wales) but not on Hibbertia sp. native to

South Australia. Adult moths which fed on vines as larvae "preferred"
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vines for oviposition but would oviposit on Hibbertia if no vines were
present. No native populations of P. glycine have been found in S. Aust.

A possible explanation for this is that there are two races of P. glycine -
one which still exists in eastern Australia on its native foodplants

and another which became established on grape vines when they were
introduced and has since spread to other parts of Australia with the vines.

Phalaenoides glycine has 2 generations per season at Langhorne Creek

and a partial third generation in Adelaide. This difference in the nunber
of generations per season can be explained by differences in temperature
between the two localities.

Prepupae wander for some time before pupating. During this phase
they are attracted to upstanding objects of different sizes over different
distances. The effect of temperature on wandering prepupae and the speed
of travel was investigated.

Phalaenoides glycine has a facultative diapause in the pupal stage.

The intensity of diapause is very variable, some pupae taking little more
than 30 days and others well over 100 days to emerge as adults. Diapause
is induced in the early larval stages (by the 3rd instar). It is

induced by low temperatures. Daylength and food by themselves have no

effect on induction but they may reinforce the temperature stimulus.
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CHAPTER I

INTRODUCTION

The grape vine moth, Phalaenoides glycine, is native to Australia.

It was previously known as Agarista glycinae and was first described by

Lewin in 1822. At that time it was common in all the settled areas of
Australia. Originally the larval stages fed on several species of
native plants (see later) but spread to the grape vine when it was
introduced into Rustralia.

Phalaenoides glycine is an interesting species to study

ecologically because it is a native insect that has become a pest. It
seems to have completely abandoned its original host plants since

becoming established on grape vines.

This study was carried out to examine Phalaenocides glycine in the

field and to investigate its relationships with the environment.

Laboratory studies were made to aid the interpretation of field studies.

1.1 Pest Status

Phalaenoides glycine has been regarded as a pest since the 1880's.

McCoy (1885) states that it was a pest in vineyards in Victoria and

was responsible for extensive damage to the vines. French (1916) stated

that it was a very common pest in Victoria and was present wherever

there were vines. It was also regarded as a pest in New Zealand (Miller,

1940). Today it is widespread over most of Australia, wherever vines
are grown (McLachlan, 1968; Fenner, 1961).

Much has been written about the voracious feeding of the larvae
and their destruction of vine leaves, also young grape bunches (Anon.,
1934, 1938, 1943, 1952, 1965, 1966; Fenner, 1961; McKeown, 1942;

French, 1893; Zeck, 1955). It is also a pest in home gardens (Anon.,

.

i
i
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1965; de Castella, 1927; Jones, 1967; Williams, 1946).

At Langhorne Creek, during the three years of this study, damage
was always below the economic threshold, though some vines were completely
stripped of leaves. This occurred only in late summer and early autumn,
during the second generation of larvae, when population numbers were
high. In the first generation numbers were always low with very little
damage occurring to the vines. Damage becomes important only if it occurs
early in the season or early in the second generation i.e. January -
February and into March, when the grape bunches are forming. If the vines
are defoliated at this stage they will produce new leaves rather than
grapes. If, as usually happened, the damage occurs later in the season
when the grapes are formed, the damage is not so important; however

larvae may move into the bunches to feed if the foliage is depleted.

1.2 Phalaenoides glycine - The Insect

1.2.1 Adults : Most of the literature concerning Phalaenoides

glycine includes a description of the adult and larval stages. These
descriptions are often very brief, (Anon., 1934-1967; French, 1893;
McKeown, 1942; Smith, 1938; Zeck, 1955), however detailed descriptions
are given by Lewin (1822), McCoy (1885) and Miller (1940). Perhaps the
most detailed is that of McCoy who describes in detail the colouring
and pattern of the wings and body of both males and females.

The adults (Figure 1.1) are day-flying, gregarious moths with a
lifespan of 2-3 weeks. They feed on nectar. They are mainly black in
colour with white or vellowish markings on the wings (yvellow in newly
emerged moths fading to white in older moths). The abdomen is black with
orange horizontal stripes and with an orange tuft on the tip.

Both Lewin (1822) and McCoy (1885) describe the male as having a



Figure 1.1 Phalaenoides glycine - adult.







yellow spot in the middle of the upper surface of the hindwing. They
say that this spot is absent in the female. Miller (1940) states there
are no spots or bands on the hindwings. However in this study it was
found that many male moths did not have a yellow spot on the hindwings
(although many did) and that many females (though not all) did have
yellow spots. Further, some moths, both males and females, had very
indistinct spots (Figure 1.2). Thus there is a gradation in both males
and females from no spot to a very well defined spot on the upper surface
of the hindwings.

Males and females can be distinguished only by examination of the
tip of the abdomen. In general the tip is squarish in males and tapered
in females.

Phalaenoides glycine moths have a characteristic fluttering flight.

They do not glide. They are capable of flying to a height of 25 metres
or more, often straight up. When disturbed they immediately fly on an
erratic zig-zag course. This makes them difficult to catch.

On the abdomen of male moths a tuft of brush-like hairs, attached
internally to a glandular body, was found. There was a tuft situated on
each side of the fused lst and 2nd abdominal segments (Figure 1.3).
These tufts or hair pencils were normally retracted into the body but
were extended prior to mating and when the moth was handled. Such
structures have been found in many species of moths and butterflies (see

Jacobson, 1974), for example in Danaid butterflies such as Danaus gilippus

berenice (Pliske and Eisner, 1969; Schneider, 1975) and Lycorea ceres

ceres (Meinwald et al., 1966) and in Noctuid moths such as Leucania sp.

(Aplin & Birch, 1968), Phlogophora meticulosa (Birch, 1970; Eltringham,

1925) and Xylophasia monoglypha (Eltringham, 1925).

Hairpencils function in courtship to stimulate the female by the



Figure 1.2 Variations in hindwing markings
a = no spot

b = indistinct spot
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well defined spot.






Figure 1.3 Diagram of hair pencils in male moths

(ventral view) .
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emission of pheromones. The chemical composition of some of these has
been identified by Meinwald et al. (1969), Edgar & Culvenor (1974), Aplin

& Birch (1968) and Birch et al. (1976).

1.2.2 Eggs : The eggs are rarely mentioned in the literature
and are not described at all in early writings. French (1893) merely
states that they are small and can be seen with the naked eye. McKeown
(1942) describes them as being light blue in colour, darkening towards
hatching. Other descriptions refer to them as pale yvellowish or greenish
in colour, becoming greyish before hatching (Anon., 1952; Zeck, 1955).
In fact the eggs, when first laid are pale green. They are approximately
1 mm. in diameter, round in shape and finely ridged with a flat smooth
bottom which is securely attached to the surface on which they are laid.

Under the microscope the development of the embryo can easily be
followed because the outer shell of the egg is transparent. Within 24
hours of being laid, if the egg is fertile, brown specks appear. This is
the beginning of embryonic development. The specks continue to form and
congregate until the whole egg becomes brown in colour. Eventually the
central dark patch becomes the head capsule and the rest is resolved
into the body of the developing larva. A few hours before hatching,
the head, mouthparts and body setae become very well defined. Just
prior to hatching the egg becomes dry in appearance. The young larva
chews a hole round the top of the egg-shell and emerges (it will continue
to chew as long as the top of the shell rests on its head). Young larvae
are pale and transparent with disproportionately large heads and prominent

black setae.

1.2.3 Larvae : Descriptions of the larvae are very brief and

general, most authors giving little more than the general colour (Anon.,



1934-1966; Bengston, 1961l; Fenner, 1961; French, 1916; McKeown, 1942;
Smith, 1938; Zeck, 1955). McCoy (1885) however gives a remarkably
detailed and accurate description of the larval stages.

The first two instars are pale in colour with prominent setae. By
the third instar they begin to develop the characteristic vine moth
appearance. They are basically black with white stripes and markings and
white setae. There is a patch of red dorsally on the penultimate abdominal
segment. There are also red patches laterally at intervals along the
length of the body. The head and thoracic legs are brown - the head with
black markings. There is some variation in colour and although the basic
pattern is the same, some larvae look darker or lighter than others.

There are 6 larval instars. The distribution of head-capsule widths
is given in Figure 1.4, together with the mean head-capsule width for
each instar. Although there is relatively little variation in these
widths there was a large variation in the body size of the larvae. In
particular larvae bred in the laboratory tended to be smaller than those
found in the field. This size difference was most apparent in the 5th
and 6th instars.

First instar larvae move by looping. ILater instars crawl in the
normal 'caterpillar' manner.

If disturbed, early instars drop from the leaf and hang suspended
by a silken thread. Later instars do not do this but have other
mechanisms to defend them from would-be predators and parasites. One
such mechanism is to eject a green ligquid from the mouth at the source
of the disturbance. Fifth and sixth instars have a characteristic
"aggressive" pose when threatened. The head is flung back so the
thoracic legs point up and forwards (Figure 1.5). When in this position

a fleshy tubercle is protruded from an opening in the ventral neck region.



Figure 1.4 Distribution of the head capsule widths
for the 6 larval instars. (Mean widths are

given beside each instar).
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Figure 1.5 Sixth instar larva in typical aggressive pose.

Arrow points to the osmateria.






In other Lepidoptera, e.g. Papilio anactus, a similar structure,called an

"osmateria", is present and this usually emits an unpleasant odour (McCubbin,

1971). Possibly the structure in Phalaenoides glycine is similar and

serves to discourage enemies.

In the field and in the laboratory larvae displayed a 'head-flicking'
behaviour. This did not seem to be a response to movement because it
occurred even when the air and leaves were quite still. It usually
occurred when larvae were kept in crowded conditions in small containers,
but it was also observed in the field on vines with large numbers of
larvae (but where there was no contact between larvae). Only 5th and 6th
instars were involved. Head-flicking behaviour could also be induced
by making a loud buzzing sound near the larva. Myers et al. (1976)
mention that Green (1974) interpreted this as antagonistic behaviour
important in larval spacing. Green cited evidence that showed the

frequency of head-flicking was related to the density of larvae.

1.2.4 Prepupae : Nothing has been mentioned in the literature
about prepupae. When 6th instar larvae stop feeding they leave the vines
and wander for some time in search of a pupation site. The prepupa has
a translucent appearance. After 1-2 days of wandering, the body shortens
and thickens and the animal loses the ability to crawl. Eventually the

larval skin splits to reveal the pupa beneath.

1.2.5 Pupae : Lewin (1822) described the pupating larva as
spinning a slight web on the stem of the food-plant in which to pupate.
McCoy (1885) disputed this, saying he could not understand Lewin describing
it thus, as in fact it formed a cocoon structure in the soil. Monro (1957)
comments on this discrepancy. Later descriptions consolidate McCoy's

statement. In fact prepupae construct a 'cell', within which they pupate,



out of whatever materials are available at the pupation site. It is
not a woven silk cocoon like those found in some Lepidoptera, although
it is lined with a small amount of silk.

Larvae will pupate in the soil or in any cracks or crevices they
can find. They will also pupate in leaves and debris on the ground
(Anon., 1943, 1965; Zeck, 1955). McKeown (1942) states that pupae can
be found naked in rubbish on the soil surface. In this study naked
pupae were occasionally found on exposed areas of soil. Pupae were
often found in cracks in fence posts and in the vine stems (Figure 1.6).

The pupae are reddish-brown in colour. Prior to emergence of the
adult they turn dark brown and the pattern of the wings can be seen
through the pupal skin. Pupae are approximately 24 mm in length but
their size varies considerably according to their feeding habits in the
larval stages. In general female pupae are heavier than males. The
mean weight of 20 female pupae was 0.41 g (range 0.29-0.65 g) and that
of 20 male pupae was 0.38 g (range 0.25-0.51 qg).

Pupae of the second or third generation diapause over winter.

Figure 1.7 shows the differences between male and female pupae.

1.3 Topics Discussed in This Thesis

1.3.1 Seasonal History

The first moths of the season appear about the time the vines
come into leaf. This is usually in late September or early October
depending on the locality, the weather and other factors. There are 2
or 3 generations per year over summer, again depending on the locality.
The last generation begins in February or March and lasts until late

April or early May. The seasonal history is discussed in Chapter 2.



Figure 1.6 Pupa in pupation cell in wood from a fence

post.






Figure 1.7 Diagram of sex differences between male

and female pupae.






1.3.2 Population Numbers

Changes in population numbers were followed through three seasons
at Langhorne Creek. In each season in the first generation numbers
were very small compared with those of the second generation. Numbers
were never high enough to cause economic damage. They were very low in
1973-74, wvery high in 1974-75 and lower in 1975-76. The field area and
sampling methods are described in Chapter 2 together with details of the

population fluctuations.

1.3.3 Distribution in the Vineyard

When outbreaks of Phalaenoides glycine occur in vineyards and

numbers are high enough to cause defoliation of the vines, defoliation
occurs in patches and not uniformly over the whole vineyard. Usually
nearly every vine had larvae on it but only some had enough to cause
complete defoliation. Studies carried out to investigate the distribution
of larvae in the vineyard, (Chapter 3), have confirmed that they occur in
patches. This patchiness is most likely caused by the oviposition habits
of the female moth. Although the female lays eggs singly, frequently
several are laid close together on the same vine or the same part of the
vine and this causes a 'clump' of larvae on that vine. If the numbers

of larvae in the vineyard are high this behaviour is enough to cause
patchy defoliation. Factors that affect oviposition behaviour and there-
fore affect the distribution of larvae are discussed in Chapter 5. The
distribution of eggs was also studied but they were harder to find than

larvae when numbers were low.

1.3.4 Oviposition

Moths mate within 1-2 days after emergence from the pupa. There is

a pre-oviposition period during which they feed and the eggs begin to



mature in the ovaries. Each female contains approximately 1000 eggs.
However rarely is thus number laid, particularly in the field where
conditions are often unsuitable for oviposition. Even so, each female,
given the right conditions, is capable of producing a large population
of larvae. Mating behaviour, rate of oviposition, fecundity and the
anatomy of the female reproductive tract are discussed in Chapter 4.

Early in the season, when the vines are just beginning to grow,
eggs are found close to the main stem underneath the leaves and on suckers
lower down on the vine. Later in the season eggs are mainly found on
long trailing canes touching the ground. These are the most sheltered
places in the vineyard. Eggs were never found high up on top of the vines.
As the larvae grow, however, they move up to feed on the tops of the
vines. Oviposition behaviour, oviposition sites and factors that influence

their choice are discussed in Chapter 5.

1.3.5 Mortality

Large outbreaks of Phalaenoides glycine are not common. This is

surprising considering the reproductive potential of the female moth and
the fact that there is an abundant food supply. Thus there must be some
factor or factors operating to keep numbers down. There is a considerable

amount of information available on the natural enemies of Phalaenoides

glycine. BAmong the predators are three species of bug, but only one of

these, Qechalia schellenbergii is important. This is a Pentatomid bug

which preys on the larval stages of the vine moth. Other predatory bugs

are Cuspicona sp. (French, 1893) and Cermatulus nasalis (Anon., 1947),

but neither of these were found in this study. Chisholm (1933) mentions

the ladybird Halyzia galbula as a 'possible' predator of vine moth larvae.

The ladybirds were not seen actually feeding on the larvae but the larvae

all disappeared from leaves on which ladybirds were present.
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Also predatory on vine moth larvae are several birds, namely the

Bronze Cuckoo, Clirysococcyx basalis, the Pallid Cuckoo, Cuculus pallidus

(French, 1893) and the Magpie Gymnorhina tibicen.

There are a number of parasites of the pupal and larval stages.
Among these are flies and wasps of several species. The most important
are the Tachinidae. There are two species, Exorista sp. cf. sorbillans
and Winthemia sp. They are both internal parasites. There are four

species of wasp, a Eulophid, Euplectrus agaristae, an external parasite

of the larval stages and Ecthromorpha intricatoria, Lissopimpla semipunctata

and Eurytoma sp. parasitic on the pupae.
Other mortality factors include a granulosis viral disease and
occasional predators such as spiders and robber flies. Mortality is

discussed in Chapter 6.

1.3.6 ©Native Foodplants

Phalaenoides glycine originally fed on several native species of

plants. These included Hibbertia sp., Glycine sp. and Gnaphalium
luteocalbum. Now it is found almost exclusively on grape vines, fuchsias

and ornamental creepers such as Glory Vines, Vitis kaempferi, and Virginia

Creepers, Vitis gquinquefolia. The relationships between Phalaenoides

glycine and its native foodplants were investigated in this study (Chapter
7). It was hoped that a population would be found in the wild and large
areas were searched, but none was found. Wild populations may occur in

other parts of Australia but not in South Australia.

1.3.7 Miscellaneous studies

Several interesting questions arose from this study and some of
these were examined in detail. One concerned the wandering phase of the

larvae just before pupation. During this phase larvae are attracted to
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large upright objects yet they do not seem to be influenced by the canopy
of vine foliage overhead. This behaviour was studied in the laboratory
to determine factors that influence larvae in the wandering phase
(Chapter 8).

The rate of development of larvae at different temperatures was
also studied and is discussed in Chapter 8.

Phalaenoides glycine has a facultative pupal diapause that enables

it to survive over winter when there are no leaves on the wvines. It is
very variable in intensity, some pupae taking 100 or more days to emerge
as adults and others taking 40-50 days (non-diapausing pupae complete
development in approximately 30 days).

The onset of diapause is caused by low temperatures and short
daylengths such as occur in autumn. The quality of food eaten may also
influence the onset. Some aspects of diapause are discussed in

Chapter 8.
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CHAPTER 2

POPULATION STUDIES

Fluctuations in the population numbers of Phalaenoides glycine

were studied at Langhorne Creek over a three year period from 1973-
1976 inclusive. Before discussing these it is necessary to describe

the seasonal history of the insect and also the sampling site and methods.

2.1 Seasonal History

There has been some difference of opinion as to the number of
generations per season. Monro (1957) stated that there were 3 generations
per season in Adelaide. Fenner (1961) stated there were 2 in
South Australia while McCoy (1885) stated there were 2 or 3. At
Langhorne Creek there are two, from September to April, while in Adelaide
there are three, the third being partial.

The adult moths emerge for the first generation after winter,
about the time the vines first come into leaf. Bud-burst varies from
place to place and moth emergence usually varies with it, however the
first moths are usually seen about mid-September. Second generation
moths first appear in mid-January. Males tend to emexge first at the
beginning of each generation (Section 2.5). Table 2.1 gives the dates
of the first recording of adults, eggs and larvae in weekly samples.

It also gives the dates of the peaks in numbers and the date of
disappearance of each stage.

Weather conditions on the sampling days affected moth flight
but if moths were not flying they could usually be found amongst the
vines or on weeds around the edges of the vineyard. Thus their
presence or absence could be recorded despite adverse weather.

Laboratory studies showed that female moths begin oviposition



TABLE 2.1 Seasonal history of Phalaenoides glycine for the
seasons 1973-76 at Langhorne Creek.
Generation Date of first Date of peak Date by which
sighting in numbers stage absent
MOTHS
(@) 1973-74 * 2/10/73 20/11/73
(1) 1974-75 10/9/74 28/10/74 28/11/74
@) 1975-76 12/9/75 16/10/75 11/12/75
() 1973-74 * 5/2/74 14/3/74
(2) 1974-75 16/1/75 13/2/75 27/3/75
(2) 1975-76 13/1/76 3/2/76 25/3/76
EGGS
) 1973-74 5/2/74 1/3/74 21/3/74
@ 1974-75 13/2/75 27/2/75 27/3/75
() 1975-76 28/1/76 12/2/76 11/3/76
LARVAE
Q@ 1973-74 11/10/73 30/10/73 6/12/73
(@) 1974-75 31/10/74 19/11/74 20/12/74
(1) 1975-76 27/10/75 4/11/75 4/12/75
Q) 1973-74 17/1/74 21/2/74 | 18/4/74
(2) 1974-75 20/2/75 6/3/75 1/5/75
@) 1975-76 3/2/76 26/2/76 15/4/76

*

= beginning of flight missed.
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3-5 days after emergence. Thus eggs should be present soon after the
first moths appear. However due to the sampling technique used (Section
2.3) eggs were not found in the field until their numbers were quite
high. Similarly each stage in the life cycle was not recorded in the
samples until numbers were high.

Extensive sampling for eggs was not carried out during the first
generation each year,except in 1975-76, as the numbers were low. In the
second generations numbers were considerably higher.

From laboratory studies (Section 8.2) the duration of the egg
stage is from 4-14 days depending on temperature, so it can be assumed
that larvae are present in the field 1-2 weeks after the appearance of
the first eggs.

Pupae were not sampled regularly either throughout the season or
over the winter period. From laboratory studies the first larvae would
be expected to pupate 2-6 weeks after their appearance in the vineyard.
The duration of the larval stage is very dependent on temperature and
thus for larvae of the first generation, when temperatures in the field
are low (average temperatures for October and November are 14.6 and 15.10C),
the development time will be longest. For larvae in the second generation
which occurs over summer, development will be much faster (average
temperatures for February and March are 19.7 and 21.l°C). Thus pupae
of the first generation would be present in the field from about the
beginning of November through to mid-January and those of the second
generation from mid-February to the following September or October.

The seasonal cycle is summarized in Figure 2.1. The two generations
are discrete.

The previous description has been concerned with populations at
Langhorne Creek. Observations were also made in Adelaide, both at the

Waite Institute and in North Adelaide. There are three generations per



Figure 2.1 Seasonal cycle of Phalaenoides glycine.
@
c@

generation 1.

generation 2.



Moths

Eggs

Larvae

Pupae




14.

season in Adelaide, the third being only partial and overlapping with

the second generation. The vines in Adelaide come into leaf about 2-3
weeks earlier than those at Langhorne Creek and coinciding with this the
moths also emerge several weeks earlier. The first moths usually appear
in late August - early September for the first generation and at the end
of December for the second generation. The moths of the third or partial
third generation appear in April. The larvae that result from eggs laid
by these moths usually do not have time to complete their development
before the vine leaves drop in late autumn. This generation is smaller
than the second generation because most second generation pupae over-
winter and emerge the following spring. The occurrence of a third generation
is linked with diapause which varies greatly in intensity (Section 8.3.4).

At Langhorne Creek a third flight of moths has not been observed.

2.2 Sampling Area

Field work was carried out at Langhorne Creek, approximately 70 km
south-east of Adelaide (Figure 2.2). The Langhorne Creek area is a
small wine-growing district isolated from other wine producing areas,
the nearest being the Southern Vales district, 35 km away. Approximately
260 hectares of vines are grown here under a system of winter flood
irrigation which is used to supplement the inadequate annual rainfall of
355 mm (S.A. Year Book, 1975).

The area of vines used in this study was small, on the edge of a
much larger patch of vines (Figure 2.3). It consisted of 832 vines
arranged in 13 rows (i.e. 64 vines per row). Within each row the vines
were trellised along a single strand of wire approximately 1 metre above
the ground. Small wooden posts were situated at intervals along the rows

and between each of these posts were 4 vines. At the ends of the rows



Figure 2.2 Map of South Australia showing the major

wine growing areas (dotted).
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Figure 2.3(a) General view of the vineyard at Langhorne Creek

in late summer.






Figure 2.3(b) Diagram of vineyard at Langhorne Creek

showing the experimental area.
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were large strainer posts approximately 30 cm. in diameter. The rows of
vines ran in a southeast - northwest direction. On two sides of this
area were more rows of vines of varying ages and along the other two

sides were weeds (Fennel, Foeniculum vulgare and some Salvation Jane,

Echium plantagineum), and grass (Figure 2.4). The vines in the area

studied were about 4 years old when the study began.

Outside the vineyard were several large Eucalypt trees. These
are mentioned because they were the resting and feeding site of many
moths. Moths were also seen feeding on the weeds around the vineyard.

This particular patch of vines was chosen because when the study
began at the end of the 1972-73 season the vines were very badly damaged
by vine-moth larvae. At that time the damage here was much greater than
in other parts of the vineyard (Section 3.1).

Some field work was done in other areas, namely the Barossa Valley,
the Southern Vales and the Clare - Watervale district but this work did

not involve continuous observations.

2.3 Sampling Methods

2.3.1 Adults

To obtain data on the relative numbers and changes in numbers of
adults in the vineyard from week to week, the following method was
devised. A section of the vineyard bordered on two sides by rows of
vines and measuring 3 m x 10 m was marked out. On sampling days the
moths flying in this area were counted for a five minute period every
hour. This gave an estimate of the number of moths/area flying each week.
These figures however were only for moths flying and gave no indication
of how many moths were present on the vines themselves or visiting the

foodplants. As this information was essential if a meaningful estimate



Figure 2.4 Weeds surrounding the experimental vineyard

at Langhorne Creek.
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of the number of moths in the vineyard was to be obtained, it was necessary
to sample adults in these areas. So the moths resting on the vines were
sampled, by an observer walking up one row of vines and down the next

(this took approximately 5 minutes) and counting the number of moths

seen on the vines or disturbed from them. The moths feeding on weeds

on the edges of the vineyard were also sampled by walking along the edges
for a 5-minute period and counting the number of moths. Thus moths were
sampled flying over and resting on the vines and feeding on weeds for
three consecutive 5-minute periods each hour.

Emergence traps (Figure 2.5) were placed over some of the large
posts at the ends of the vine rows. These posts were known to accommodate
a large number of pupae and therefore the emergence of adults at the
beginning of each generation could be followed.

It was necessary to catch moths to obtain data on the sex ratio
throughout the season as their sex could not be determined unless they
were caught and examined. Female moths were kept and dissected to obtain
information about the reproductive state at different times in the season.
Moths flying over vines and resting among them as well as moths feeding
on weeds around the vineyard were caught with a net. Females were kept

and dissected.

2.3.2 Eggs and Larvae

Similar methods were employed to sample both eggs and larvae. The
vines studied were arranged in 13 rows of 64 vines each and within each
row, vines were divided into lots of 4 separated by posts, so a type of
stratified-random sampling was adopted. Each row was numbered as was
each vine in the row. During the first season (1973-74) 40 vines were
sampled for eggs and larvae each week. These were chosen from 5 rows

(8 vines from each row) and the 5 rows were randomly selected in such a



Figure 2.5 Emergence trap at Langhorne Creek.
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way that 2 of the 5 sampled the previous week were chosen together with
3 rows that had not been selected the previous week. Once the 5 rows to
be sampled were decided, the vines within these rows were chosen. Each
row was divided into 8 groups, each group containing 8 vines. Then one
vine was chosen at random from each of the 8 groups in the row. This
procedure was used for each of the 5 rows.

In the 1974-75 season when other field work was in progress, sampling
40 vines each week became too time-consuming and the number of wvines
sampled was reduced to 20 per week.

Early in the season when the vines were just coming into leaf, the
whole vine was searched and the number of larvae found recorded. Later,
as the wvines grew, half-vines were sampled and by the time the vines had
completed their growing phase, % vines were sampled bne quarter was
randomly selected for sampling). The same methods were used for sampling
eggs which were sampled only during the second generations (except in

1975-76) .

2.3.3 Pupae

The prepupae leave the vines and 'wander' for some time before
pupation (Section 8.1). It was not possible to follow them through to
the completion of this wandering phase. It is known that they pupate in
the ground, in cracks in vine stems and in fence posts, particularly the
strainer posts at the ends of the rows (Figure 2.6). These areas were
searched in order to estimate the size of the pupal population. Because
the vines on which this work was done were relatively young, their stems
were not yet thick or gnarled and so were not suitable as pupation sites.
Thus they were not included in the sampling.

Soil samples were taken from the following sites as it was not known



Figure 2.6 Prepupae (arrowed) crawling into cracks and

holes in a strainer post at the end of a row

of vines.






exactly where in the soil pupae were to be found:

(1) Between the rows of vines

(2) Underneath the vines

(3) Around the base of the vine stems

(4) Around the base of the posts

(5) Outside the vineyard.

In each case, 20 x 20 cm square samples were dug at two depths in the
soil, 0-7 cm and 7-18 cm. Later the deeper sampling was discontinued
because pupae were not found at this depth. The soil was sieved with a
7 mm. mesh sieve and the numbers of pupae recorded.

Sampling pupae in the fence posts proved difficult as the cracks
were deep and the pupae cemented in, one on top of the other, making
them hard to remove. The main problem was in determining whether the
pupae (alive or dead) were the product of the previous generation or
earlier ones as there was a build-up of pupae over many years. This
problem was not overcome. However samples were taken from the posts
that provided information for parasite studies. Twenty live pupae were
dug out of the posts each week and brought back to the laboratory to

complete their development. Records were kept of parasites emerging.

2.4 Population Numbers

2.4.1 Adults
Adults were sampled in both first and second generations in the
1974-75 and 1975-76 seasons. Table 2.2 shows the mean numbers of moths
in the different sampling sites in 1975-76. Table 2.3 shows the overall
mean and peak numbers.
In the first generation in the 1975-76 season the mean and peak

numbers were greater than in 1974-75. However it should be noted that

18.

the peak number in 1974-75 (and therefore the overall mean) is misleading



TABLE 2.2 Mean numbers of moths/5 minutes at each sampling site
in the 2nd generation, 1975-76 season.
Sampling Site
Date . :
over vines among vines on weeds
20/1/76 3.3 7.3 2.3
28/1/76 10.5 10.0 7.0
3/2/76 32.8 39.0 20.5
12/2/76 23.0 23.0 11.0
19/2/76 38.0 25.8 27.3
26/2/76 10.5 8.0 1.0
4/3/76 2.0 6.5 2.0
11/3/76 0.0 0.5 0.0
TABLE 2.3 Mean and Peak Numbers of moths/minute/area at
Langhorne Creek.

Season Generation No. moths/men./area

mean peak

1974~75 ® 0.75 1.67

1975-76 ©) 1.04 4.05

1974-75 ©) 31.46 98.50

1975-76 @ 6.97 18.45
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because in the middle of the sampling period weather conditions were
unsuitable for flight and therefore low numbers were recorded. This
effect of weather on flight and therefore on oviposition can be followed
through to the larval population in the first generation (see later).
Figure 2.7 shows the fluctuation in the numbers of moths throughout

each first generation. 1In 1974-75 (see above) it was assumed that the
peak in numbers occurred sometime late in October. In the following
season the peak occurred earlier, about the middle of October. Figure
2.8 shows the fluctuations throughout the second generation each season.
Population numbers in 1974-75 were far greater than in 1975-76. 1In
1975-76 two peaks occurred approximately 2 weeks apart in early and mid-
February. The peak in 1974-75 occurred in mid-February. It is
unfortunate that samples were not taken during the period 23/1/75 to
13/2/75 as the population may not have increased as steadily as shown but
may have produced a smaller peak during this time which was expected from

the larval population fluctuations in the previous generation (see later).

2.4.2 Eggs

Eggs were often difficult to find, especially if they had been
laid less than twenty-four hours before sampling, in which case they were
still green in colour and well camouflaged on the leaves. Consequently
the mean number of eggs is an underestimate.

The mean and peak numbers of eggs/% vine for the years 1973-76 are
given in Table 2.4, Figures are only given for the second generation each
year. Eggs were not sampled in the first generations, (except in 1975-76),
because population numbers were low and eggs were difficult to find. Even
in 1975-76 no eggs were found on most sampling days (the mean over this
first generation was 0.13 with a peak of 0.4 eggs/% vine). Over the three

years the population numbers fluctuated from being fairly low, to rising



Figure 2.7 Mean number of moths/minute/area (and standard
errors) in the first generation in 1974-75 and

1975-76.
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Figure 2.8 Mean number of moths/minute/area (and standard

errors) in the second generation in 1974-75 and

1975-76.
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TABLE 2.4 Mean and Peak numbers of eggs/% vine in the 2nd

generations 1973-76.

No. eggs/% vine

Season Generation Mean Peak

1973-74 @ 3.35 6.83

1974-75 @ 4.65 10.50

1975-76 ©) 4.20 10.63
TABLE 2.5 Mean, peak and range numbers of larvae/% vine

at Langhorne Creek.

No. larvae/% vine

Season Generation Mean Peak Range
1973-74 ® 0.33 0.90 0-4
1974-75 @ 0.29 0.55 0-4
1975-76 © 0.59 0.95 0-6
1973-74 ©) 2.80 7.20 0-45
1974-75 ) 14.65 21.81 0-86
1975-76 @ 7.96 24.83 0-110




20.

to a peak and then beginning to decline again.

Figure 2.9 shows the fluctuations in egg numbers in the second
generation each season. The peak in population numbers occurred earlier
in each successive season, the peak in 1973-74 about the beginning of
March, that in 1974-75 at the end of February and that in 1975-76 ecarlier
still, about the beginning of February. The general fluctuation in
population numbers was similar in both 1974-75 and 1975-76 and occurs
over a similar length of time. That of 1973-74 is slightly different.
However the whole generation is spread over much the same length of time

as in the other two seasons.

2.4.3 Larvae

The results of larval sampling are presented in Table 2.5. The
distribution was patchy (Chapter 3) and some vines had no larvae or very
few while others had numbers far greater than the mean. Thus the range
of values is shown also.

The figures for the first generation each year show the population
of larvae was low in 1973-74, slightly lower in 1974-75 and higher in
1975-76. However in each case the numbers were small in comparison with
those in the second generation. A small first generation is typical of

Phalaenoides glycine.

Figures 2.10 and 2.11 show the mean number of larvae/% vine plotted
against time. The peak in the 1973-74 first generation occurred at the
end of October, that in 1974-75 in mid-November and in 1975-76 in early
November. In the second generations, in 1273-74 the peak was reached
towards the end of February. In 1974-75 it was later, in early March and
in 1975-76 earlier again at the end of February.

The fluctuations from year to year in the first generation reflect

the population trends in the second generation of the previous season.



Figure 2.9 Mean number of eggs/% vine (and standard

errors) in the second generation 1973-76.
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Figure 2.10 Mean number of larvae/4% vine (and standard

errors) in the first generation 1973-76.
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Figure 2.11 Mean number of larvae/% vine (and standard

errors) in the second generation 1973-76.
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The higher mean number of larvae/% vine in the first generation of
1975-76, for example, reflects the large population of larvae in the

second generation in 1974-75.

2.4.4 Pupae

Soil sampling for pupae was carried out in the winter of 1974,
but was not continued in the following years because few pupae were
found. The main aim of this work was to establish where the pupae were
and to estimate the pupal population numbers in the soil. Table 2.6
shows the results. The numbers found were very low. No pupae, alive,
dead or emerged, and no parasitized pupae or dead larvae were found in
samples taken between the rows of vines or outside the vineyard. No live
pupae were found either underneath the vines or around the base of the
vines and posts (however in later samples they were).

Table 2.6 also shows the proportion of samples taken from each
sampling site that yielded results. The samples taken around the base
of the vine stems yielded best results and so further samples were taken
from this site. The results are given in Table 2.7. 1In the second
series of samples live pupae were found but again the numbers were very
low.

The above results showed that only a small proportion of larvae
pupate in the soil. Population numbers in the second generation in
1973-74 were quite high and there were approximately 10,000 larvae in
the vineyard (mean number of larvae/% vine = 2.80). The whole vineyard
covers an area of approximately 2700 sq. m. The total area sampled was
256 sg. m. and in this area there should be approximately 1000 individuals.
However only 32 individuals were found. It is known that larvae pupate
in cracks in the vines and in fence posts. However these vines were

not old enough to provide pupation sites in their stems. It was not



TABLE 2.6 Results of soil sampling at different sites at
Langhorne Creek.
Sampling Live Dead Emerged | Parasitized Dead No. No. Samples
Site pupae | pupae pupae larvae larvae | samples yielding
results

Between row 0] 0 0] 0 0 10 0
Under vines 0 0 2 4 0 20 4
Around stems 0] 2 3 7 5 20 10
Around posts 0 0] 1 6 2 20 4
Outside vines 0 0 0 0] 0 10 0

TABLE 2.7

Mean numbers of pupae, parasitized larvae and dead

larvae in 20 samples taken from the base of the

vines.

Sample of

Mean no./sample

live pupae

dead pupae

emerged pupae

parasitized larvae

dead larvae

0.38
0.06
0.50
0.75
0.31
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possible to obtain acceptable results from sampling the posts. Because
no pupae or remains of pupae (or larvae) were found outside the vineyard
and so few were found in the soil it was assumed that most pupae must

be in these fence posts.

2.4.5 Discussion

Over the three years of the study the population at Langhorne Creek
was observed to fluctuate from low numbers in the 1973-74 season to a
peak in the 1974-75 season and begin to decline again in the 1975-76 season.
Population numbers in the 1972-73 season, which occurred just prior to
the commencement of the study, were particularly high - much higher than
in the following three years when, in general, only a limited amount of
damage occurred to the vines.

On examination of the data for the population numbers of adults in
the first generation 1974-75, two of the points (on 24/10/74 and 31/10/74)
are lower than expected. These low numbers were due to weather conditions
on the sampling days which were unsuitable for flight. When the weather
data were examined for this period, most days were overcast, wet and windy -
conditions which would prevent the moths flying. (Wind is an important
factor affecting flight. Moths will not fly in winds stronger than
12.0 km/hr. (see Section 5.3.2)). Thus during this time there would be
less oviposition in the vineyard than normal for that part of the season.
The egg population in the first generation was not sampled so it was not
possible to tell if this reduction in oviposition was apparent in that
stage. There is SOMe mortality in the egg stage (Section 6.4.2)
but any cessation or reduction in oviposition in the middle of the ovi-
position period was expected to be apparent in the following larval period.
This is seen in the larval population of the first generation in 1974-75

in which there is a drop in the number of larvae/% vine in the middle of
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the larval period when numbers were expected to reach a peak.

A similar spell of bad weather in the adult stage in the 1973-74
season (when adults were not sampled) could explain the decrease in
numbers of eggs/% vine in the middle of the second generation in 1973-74
(Figure 2.9).

In Figure 2.8, which shows the population changes in adults flying
in 1975-76 (second generation), there was a drop in the number of moths/
minute/area in the samples taken on 12/2/76. In this case the decrease
in numbers cannot be attributed to weather conditions because they were
ideal for flight on that day, as they had been on the sampling days either
side of this date.

Inevitably the above explanation is a simplified one as many

factors operate simultaneously to produce changes in population numbers.

2.5 Sex Ratio

During population studies it was noticed that males tended to
emerge first at the beginning of each generation. Moths were caught at
weekly intervals, their sexes determined and sex ratios calculated. The
data are given in Table 2.8. Within each generation, the proportion of
males in the field declines i.e. the sex ratio changes from a male
dominated one at the beginning to a female dominated one at the end of
the generation. Because the length of life for males and females is
approximately the same, at the end of each generation some females may
still be alive and ovipositing after the male population has declined.
However all female moths caught at the end of the season had mated.

In the laboratory, larvae were reared through to the adult stage,
sexed and the sex ratios examined. The results showed that out of 200

moths, 92 (46%) were males and 108 (54%) were females. This gave a ratio



Generation(i)

TABLE 2.8 Numbers of male and female moths caught in the
field in the 1975-76 season.
Number of

Date - 2
2/10/75 2
9/10/75 2
16/10/75 14 7
11/11/75 3
25/11/75 0 1
TOTAL 25 15

28/1/76 7 early
3/2/76 14 7

12/2/76 3 1 middle
19/2/76 15 13
26/2/76 2 8

4/3/76 6 late

11/3/76 0 1
TOTAL 42 38

Generation

®
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of males to females of 1:1.17. This was not significantly different from
a 1l:1 ratio at the 5% level.

In the field the sex ratio was determined for each generation as a
whole because in weekly samples numbers were often low. In the first
generation (1975-76) (Table 2.8) the ratio did not differ significantly
from 1:1 (X2 = 2.5) at the 5% level. Sixty three percent of moths
caught were male and thirty eight percent were female. However for 2
weeks in the middle of the sampling period, when the sex ratio changed
from male dominated to female dominated, samples were not taken because
the vineyard was flooded and most vines were under water. By the time
sampling could be resumed the population was declining and so the overall
ratio is biased towards the males. Thus the X2 value, even though not
significant is quite high.

The second generation was divided into three sections, early,
middle and late. The sex ratios were calculated in each section to
show how they varied throughout the generation. In the early part 70%
of moths were males, in the middle 56% and late in the generation only
17% were males. However the overall sex ratio was approximately 1:1
with 52.5% males and 47.5% females (x2 = 0.2, not significant at the 5%
level). Thus the sex ratio varied within each generation but overall
it was 1l:1, the same as that in the laboratory.

Field results could well be influenced by the activity and behaviour
of the different sexes. Consequently the sampling site, i.e. amongst
the vines or around the weeds on the edge of the vineyard, could influence
the ratio. The differences between the ratios, if any, at the different
sites would indicate the relative amounts of time spent in each area by
each sex. It was expected that female moths would spend more time amongst

the vines ovipositing than around the weeds feeding. The data are given
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in Table 2.9. As expected there were more females amongst the vines than
males and the reverse in the weeds. So the ratio of males to females was
low amongst the vines and higher amongst the weeds.

Thus even though the overall ratio of males to females in the
population is 1l:1, this ratio differs both with the time of sampling and

with the sampling site.



TABLE 2.9 Numbers of moths at different sampling sites.
No. moths in vines No. moths in weeds
Date
& ? < ?
28/1/76 1 1 6 1
3/2/76 1 2 1 2
12/2/76 2 0 1 1
19/2/76 4 7 11 6
26/2/76 2 8 - -
4/3/76 b 6 = -
11/3/76 0 1 - -
TOTAL 11 25 19 10
% 30.6 69.4 65.5 34.5
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CHAPTER 3

DISTRIBUTION IN THE VINEYARD

3.1 Introduction

In the summer of 1972-73 the vineyard at Langhorne Creek was

heavily infested with Phalaenoides glycine. Damage to the vines (Figure

3.1) appeared to occur in patches. These patches consisted sometimes of
just a single vine, sometimes a group of vines, usually all in the same
row but on a few occasions in adjacent rows. Figure 3.2 shows the
distribution of damage at the end of the second generation in 1972-73
(which occurred before this study began). Vines were given a damage
rating on a scale of 1-5 (1 = a few chewed leaves, 5 = complete
defoliation) (Figure 3.2). The damage appeared to occur mainly in the
north-east corner of the vineyard but there were a few badly damaged
vines elsewhere. Morisita's Index (see Section 3.5) was calculated for
"each row to determine if the damage was patchy. Results are given in
Table 3.1. The distribution of damage was fairly even over the vineyard
except in the north-east corner where it was patchy.

During most seasons (in the second generations) there were larvae
or evidence of larvae on nearly every vine examined but the amount of
damage was not uniform over the whole vineyard. Vines were completely
defoliated in some areas, showing that these patches of vines had supported
a larger number of larvae than other vines. So the distribution of eggs
and larvae in the vineyard was investigated with the aim of defining
the distribution and explaining the likely causes of the 'patchiness', if
the distribution proved to be patchy. Eggs and larvae were sampled at

weekly intervals by the methods described in Section 2.3.

3.2 The Distributions

Much has been written about the distribution of organisms and many



Figure 3.1 (a) Patch of defoliated vines in the
experimental vineyard at Langhorne Creek.

(b) Close up of a defoliated vine.






Figure 3.2

Map of the vineyard at Langhorne Creek
showing damage ratings, on a scale of 1-5,
at the end of the second generation 1972-73.

1

almost no defoliation

2 = little defoliation

w
il

moderate defoliation
4 = much defoliation

5 = complete defoliation.
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TABLE 3.1 Morisita's Index (IG) and F values (calculated)

for damage to vines by larvae.

Row IG Fo calc.
1 * -

2 1.13 1.09
3 0.92 0.94
4 0.71 0.64
5 0.28 0.31
6 0.66 0.71
7 0.63 0.56
8 0.49 0.47
9 0.81 0.75
10 0.98 0.98
11 1.13 1.23
12 1.25 1.28
13 3.62 2.74

* too few categories to calculate IG‘
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distributions have been defined mathematically. In general populations
can be distributed at random, uniformly or in aggregations. Southwood
(1966) and Waters (1959) explain these distribution patterns and the

difference between them.

3.2.1 The Poisson Distribution

This results from sampling a population whose individuals are
randomly distributed in space. The variance equals the mean. It is
described by many authors e.g. Andrewartha & Birch (1954), Bailey (1959),
Bliss (1958), Johnson & Kotz (1969), Pielou (1969), Wadley (1950),
Southwood (1966) & Snedecor (1962). To test the goodness of fit of data
to this distribution the expected frequencies are calculated and compared
with the observed frequencies using a Xz test. This distribution is

rather rare in nature (Harcourt, 1960; 1961).

3.2.2 The Negative Binomial Distribution

This results from sampling a population whose individuals are aggre-
gated in space. It is an extension of the Poisson distribution and is
defined by the mean and an exponent 'k'. It is described in detail by
Anscombe (1949, 1950). Bliss & Fisher (1953), Bliss (1958), Fisher
(1941) and Quenocuille (1949). It has been used on many occasions in
describing the distribution of insects, e.g. Harcourt (1960, 1961),
Miller et al. (1972), Mukerji (1970), Waters (1959) & Waters & Henson
(1959). 1In this distribution the variance is greater than the mean. As
the variance approaches the mean, the value of k increases and the
distribution approaches a Poisson. As the variance departs from the mean,
k —>» o and the distribution approaches the logarithmic series described
by Fisher et al. (1943) & Williams (1947, 1944).

The value of k gives a measure of the degree of aggregation, and can
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be calculated by three different methods. These methods and their
efficiencies are outlined by Anscombe (1949, 1950) and Bliss & Fisher
(1953) . Methods 1 and 2 are approximate while Method 3 is exact. However
Methods 2 and 3 involve balancing both sides of an equation and thus are

tedious to execute. Method 1 is simple to calculate, k = m2/(sz—m)kwﬂﬂwzf

3
Voo £

(m = mean,?é2 = variance), and in many cases it is used to give an
approximate value of k which is then used in the more accurate methods.
It was the method used by Harcourt (1960, 1961), Miller et al. (1972) &
Mukerji et al. (1970). 1In this study Method 1 was used to calculate
values of k for each weekly sample. For data on egg and larval populations
in the second generation of each season, where the means varied
considerably but k wvalues were usually low, the efficiency of estimating
k by Method 1 varied from approximately 40% to over 90%. For data on the
larval population in the first generations where both means and k values
were small, the efficiency varied from 70 to 90%.

To test the goodness of fit of data to the Negative Binomial
distribution, k is first computed. Then expected frequencies are calculated

and compared with the observed frequencies using a X2 test.

3.3 Fitting Data to the Poisson Distribution

Before fitting the observed data to the theoretical distributions,
the mean and variance was calculated for each weekly sample (Table 3.2).
A characteristic of the Poisson distribution is that the variance is
equal to the mean. However in most cases the variance was much greater
than the mean (see Tables 3.2-3.4). This was particularly so in the
second generations (in both egg and larval populations). Conseguently
data for the second generations were not fitted to the theoretical

Poisson distribution. In the first generations (when only larvae were



TABLE 3.2 Mean and variance for each weekly sample of

larvae in the first generation each season.

Season Date ; 82
1973-74 11/10/73 0.13 0.18
16/10/73 0.08 0.23
23/10/73 0.58 0.87
30/10/73 0.920 1.27
8/11/73 0.68 0.74
13/11/73 0.08 0.12
20/11/73 0.15 0.18
1974-75 31/10/74 0.45 0.10
19/11/74 0.65 0.77
28/11/74 0.40 0.67
1975-76 27/10/75 0.56 1.03
4/11/75 0.95 2.16
11/11/75 0.63 0.91
18/11/75 0.33 0.24
25/11/75 0.50 0.80

x = mean

s2 = variance
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sampled) . the variance often exceeded the mean but differences were usually
small and this data was fitted to the Poisson distribution. The results
are shown graphically in Figure 3.3 (the data used in fitting are given in
Appendix 1). The expected frequencies i.e. the expected number of larvae/
L% vine if the distribution followed a Poisson series, were calculated
using the method outlined by Snedecor (1962) pp. 482-486.

In the first generations in 1974-75 and 1975-76 the observed
distributions did not differ significantly from the theoretical Poisson
distribution. In the first generation in 1973-74, the data followed a
Poisson distribution on all but two occasions. On these occasions the
data fitted well except for one sample in each case which contained a
larger number of larvae than expected. On 16/10/73 one sample contained
3 larvae (expected frequency of 3 larvae = 0.003) and on 13/11/73 one
sample contained 2 larvae (expected frequency of 2 larvae = 0.10).

Because the mean number of larvae/% vine was very low, (0.08 on both
dates) , the occurrence of 2 and 3 larvae caused high XZ values for these
weeks when the goodness of fit test was applied and therefore caused the
differences between the observed distribution and the theoretical Poisson
distribution to be significant.

On those occasions when the data did not fit the Poisson distribution,

they were fitted to a Negative Binomial distribution.

3.4 Fitting Data to the Negative Binomial Distribution

Data on egg and larval populations in the second generation each
season were fitted to theoretical Negative Binomial distributions. The
method of fitting was that described by Bliss & Fisher (1953). The means,
variances and k values for the data are given in Tables 3.3 and 3.4

together with the maximum number of eggs or larvae/% vine found in each



Figure 3.3

Results of fitting data for larvae of
first generation (1973-76 seasons) to

theoretical Poisson distributions.

N Number of samples.

@

Significant at the 2% level.

*

Significant at the 5% level.

the
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TABLE 3.3 Mean (§), variance (Sz), k value and maximum
number of eggs/% vine (max. x) in the second
generation each season.

Date x s? k Max. X
1973-74 5/2/74 3.15 64.69 0.16 41
12/2/74 5.48 124.20 0.25 48
21/2/74 3.68 43,66 0.34 26
1/3/74 6.83 141.23 0.35 52
7/3/74 0.83 3.79 0.23 8
1974-75 20/2/75 5.70 78.01 0.05 37
27/2/75 13.13 131.85 1.45 40
6/3/75 8.50 43.60 2.06 20
13/3/75 0.56 2.00 0.22 5
20/3/75 2.19 7.52 0.0° 30
1975-76 3/2/76 1.00 4,00 0.33 7
12/2/76 10.63 205.13 0.58 40
19/2/76 8.08 118.74 0.59 40
26/2/76 3.92 12,27 1.84 12
4/3/76 1.58 9.17 0.33 10




TABLE 3.4 Mean (E), variance (82), k value and maximum
number of larvae/% vine (Max. x) in the second
generation each season.

Date x s2 k Max. X
1973-74 5/2/74 1.90 14.14 0.30 22
12/2/74 2.78 17.97 0.51 17
21/2/74 7.20 86.42 0.65 42
1/3/74 5.43 82.82 0.38 45
7/3/74 2.23 17.26 0.33 20
14/3/74 2.00 10.41 0.48 12
21/3/74 0.80 3.65 0.23 10
28/3/74 0.05 0.05 - | -
3/4/74 0.03 0.03 - -
1974-75 20/2/75 4,75 17.04 1.84 14
27/2/75 20.13 252,25 1.75 50
6/3/75 21.81 224.70 2,34 47
13/3/75 16.88 89.85 3.90 42
20/3/75 19.13 706 .38 0.53 86
27/3/75 15.69 60.50 5.49 35
10/4/75 4,19 2.90 3.08 9
1975-76 3/2/76 0.13 0.12 1.70 1
12/2/76 5.00 44.00 0.64 19
19/2/76 11.46 224.46 0.62 53
26/2/76 24.83 986.61 0.64 110
4/3/76 8.33 | 81.55 0.95 26
11/3/76 11.92 | 235.13 0.64 55
18/3/76 9.25 | 38.20 3.00 20
25/3/76 4.83 | 20.17 1.52 15
1/4/76 3.38 | 13.72 1.10 15
8/4/76 0.50 0.80 0.83 3
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sample. This was needed to calculate the expected numbers of eggs or
larvae/% vine. It also shows the spread of the observed data. The data
used in fitting the Negative Binomial distributions are given in Appendix 2.

In testing the goodness of fit of data to the Negative Binomial
distribution, frequencies with small expectations are usually pooled,
preferably so that no expectation is less than 5 (Bliss & Fisher, 1953).
In a recent paper, Pahl (1969) discussed this commonly accepted rule and
assessed the feasibility of grouping data into classes with expected
frequencies considerably less than 5 (as low as 0.05). He concluded that
the grouping of data into such classes was allowable. In most cases in
the present study it was not possible to group data into classes so that
expected frequencies were greater than or equal to 5 because either none
of the expected frequencies were greater than 5 or, if frequencies less
than 5 were pooled, there would be only 2 classes to fit to the
distribution. Therefore data was grouped so that the expected frequencies
were either greater than 1.5 or greater than 0.5.

The results of fitting the data on eggs to the Negative Binomial
distribution are shown in Figure 3.4. In the second generation 1973-74,
the differences between the observed number of eggs/% vine and the
expected number were not significant at the 5% level on all occasions
except on 1/3/74 when the level of significance was between 1% and 2%.

In the second generation in the 1974-75 season, again all differences
were non-significant except on 20/2/75 when the X2 value was 67.18

( = 5.99). 1In the second generation in the 1975~76 season all data

o5
fitted the Negative Binomial distribution.
The results of fitting the data on larvae (for the second

generation each season) to the Negative Binomial distribution are shown

in Figure 3.5. In all cases the data fitted reasonably well. Differences



Figure 3.4(a) Results of fitting the data for eggs of

the second generation, 1973-74 to

theoretical negative binomial distributions.

N = number of samples.
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Figure 3.4(b)

Results of fitting the data for eggs of the
second generation, 1974-75 to theoretical
negative binomial distributions.

N = number of samples

*

significant at the 5% level.
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Figure 3.4(c) Results of fitting the data for eggs of

the second generation, 1975-76 to
theoretical negative binomial distributions.

N = number of samples.
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Figure 3.5(a) Results of fitting the data for larvae of

the second generation, 1973-74, to
theoretical negative binomial distributions.

N = number of samples.
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Figure 3.5(b) Results of fitting the data for larvae of

the second generation, 1974-75, to
theoretical negative binomial distributions.

N = number of samples.
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Figure 3.5 (c) Results of fitting the data for larvae of

the second generation, 1975-76, to
theoretical negative binomial distributions.

N = number of samples.
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were not significant at the 5% level in all but 2 cases in which differences
were not significant at the 0.1% level.

Data on larvae in the first generations that did not fit the Poisson
distribution were also fitted to the Negative Binomial distribution.

Differences were not significant at the 5% level.

3.5 Measuring the Dispersion

Mathematical models can be used to determine the type of distribution
but most give no indication of the degree to which the population departs
from random. If the data can be fitted to a Negative Binomial distribution,
the value of k gives a measure of the dispersion or degree of aggregation
of the data. The smaller the value of k, the greater the aggregation.
Southwood (1966) states that k values greater than about 8 indicate a
Poisson or random distribution. The value of k may be influenced by the
size of the sampling unit and thus it often does not give a true indication
of the degree of aggregation (Harcourt, 1961; Southwood, 1966; Waters &
Henson, 1959). Similarly the "index of dispersion" (described by
Southwood (1966) and used by Milne (1964), Salt & Hollick, (1946) and
others) is influenced by the size of the sampling unit.

In 1959, Morisita proposed a new index of dispersion, I<S (see also
Morisita, 1962; 1964). This index has the advantage of being independent
of the type of distribution, the size of the sampling unit and the number
of samples. When the distribution is random (i.e. follows a Poisson series),
IG = 1. When the distribution is aggregated (i.e. Negative Binomial),

IG > 1 and when the distribution is regular, IG < 1. 16 values for
larvae in the first and second generations and eggs in the second
generations, are shown in Tables 3.5-3.7. 1In all cases I6 values were >1,

To test whether I6 values differed significantly from 1, i.e. whether the



TABLE 3.5 Morisita's Index (IS) and F values (calculated)

for eggs in the second generation each season.

Date IG ! Fo calc.
.
1973-74 5/2/74 7.10 |  20.55
12/2/74 4.88 22.69
21/2/74 3.91 ‘ 11.89
1/3/74 3.82 | 20.67
7/3/74 5.38 ; 4.59
1974-75 20/2/75 3.13 13.67
27/2/75 1.65 10.06
6/3/75 1.46 5.14
13/3/75 5.78 3.55
20/3/75 | 11.97 | 25.87
1975-76 3/2/76 4.00 4.00
12/2/76 2.53 19.36
17/2/76 2.58 | 14.69
26/2/76 1.51 3.13
4/3/76 3.93 | 5.79




TABLE 3.6 Morisita's Index (IG) and F values (calculated)

for larvae in the first generation each season.

Date IG Fy calc.
1973-74 11/10/73 5.33 1.42
16/10/73 40.00 3.00
23/10/73 1.90 1.51
30/10/73 1.46 1.41
8/11/73 1.14 1.09
13/11/73 13.33 1.63
20/11/73 2.67 1.21
1974-75 31/10/74 3.89 2.22
19/11/74 1.28 1.18
28/11/74 2.86 1.69
1975-76 27/10/75 2.70 1.85
4/11/75 2.34 2,27
11/11/75 1.78 1.47
25/11/75 2.29 1.60




TABLE 3.7 Morisita's Index (IG) and F values (calculated)

for larvae in the second generation each season.

Date IG Fo calc.
1973-74 5/2/74 4.35 7.44
12/2/74 2.94 6.47
21/2/74 2.50 12.04
1/3/74 3.58 15.29
7/3/74 3.99 7.75
14/3/74 3.08 5.21
21/3/74 5.48 4.56
1974-75 20/2/75 1.52 3.57
27/2/75 1.54 12.56
6/3/75 1.40 10.28
13/3/75 1.24 5.30
20/3/75 2.77 36.99
27/3/75 1.17 3.83
10/4/75 1.31 2.36
1975-76 12/2/76 2.40 8.80
19/2/76 2.51 19.62
26/2/76 2.43 39.61
4/3/76 1.98 9.82
11/3/76 2.45 19.72
18/3/76 1.31 4.10
25/3/76 l.61 4.16
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distributions differed significantly from random F values were calculated
(Tables 3.5-3.7) using the formula given by Morisita (1959). These were
then compared with variance ratio tables (5% probability). If the cal-
culated F value was greater than the variance ratio value in the tables,
differences were significant. All Is values for second generation eggs
and larvae were significantly greater than 1 and thus these populations
can be considered to be aggregated. IG values for first generation larvae
did not differ significantly from 1 (except on 16/10/73 and 13/11/73
(when differences were large), on 31/10/74 and 28/11/74 (only just
significant) and on 4/11/76). In each case the value of I6 gives the
degree of aggregation of individuals in the population. Those with
values of IG close to 1 can be considered to be less aggregated than
those with higher IG values.

Thus the IG values confirmed the results of fitting the data to

a Negative Binomial distribution, that the distribution of Phalaenoides

glycine in the field was aggregated.

3.6 Discussion
The results of fitting data on egg and larval populations at

Langhorne Creek to the Poisson and Negative Binomial distributions indicate
that in the first generations there was no evidence to suggest that the
distribution of individuals was aggregated. Female moths do not ovi-
posit at random (Chapter 5). and there is evidence to suggest that larvae
do not move very far, (Larval movement was followed in the field for
3 weeks. No larvae moved further than approximately 40 cm. in this time),
but population numbers are so low in the first generations that aggre-
gations were not apparent and therefore the distribution could not be

distinguished from a random distribution.
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Second generation eggs and larvae had an aggregated or 'patchy'
distribution. 1In 1973-74, when second generation larval numbers were lower
than in the following two years, the distribution fitted the Negative
Binomial very well. 1In 1974-75 and 1975-76, when numbers were high and
larvae were present on almost every vine, the data still fitted a
Negative Binomial distribution but not as well as in 1973-74. Thus,
when population numbers are low, the distribution cannot be distinguished
from random but as the numbers increase the distribution is seen to be
patchy. This apparent change in distribution has often been observed in

insect populations e.g. in Pieris rapae (Harcourt, 1961) and in wire-

worms (Finney, 1941).

In the 1974-75 second generation when egg and larval numbers were
higher than in the other years, the k values were also higher (Tables 3.3,
3.4) i.e. k values followed the same trends as population density. This
indicates that as population numbers increase further the distribution
tends to become random again. A similar pattern was observed in Rhyacionia
frustrana (Waters, 1959).

Morisita's Index, (which is independent of the mean), showed that
second generation egg populations were highly aggregated as were second
generation larval populations. First generation larval population numbers
were very low. Thus aggregations were not apparent and Morisita's Index

indicated that the populations were essentially randomly distributed.
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CHAPTER 4

MATING, REPRODUCTION AND OVIPOSITION

In this chapter various aspects of mating and oviposition are
discussed. Oviposition behaviour, oviposition sites and factors that

influence their choice are discussed in Chapter 5.

4.1 Mating Behaviour

The mating behaviour of Phalaenoides glycine has been observed

both in the field and in the laboratory. Mating usually takes place in
the afternoon. Most moths mate within two days of their emergence from
the pupal stage (Table 4.1) and on rare occasions females have been seen
mating before their wings were properly dry.

In the field mating occurs either in the vineyard or on the weeds
surrounding the vineyard. Moths.do not mate in flight but are capable
of flying in copula if disturbed. 1In the laboratory mating usually
occurs on the mesh walls of the cage.

The mating process in the field begins with the male chasing the
female in an erratic flight in and out of the vines and over the weeds.
Often the male will break away to chase other moths flying nearby,
either male or female. In the laboratory these flights were restricted
because the mating cages were small and the moths could fly only short
distances. [This lack of space was one reason why it was difficult to
get moths to mate in the laboratory (light and temperature were also
important). No moths mated in cages smaller than 47 x 47 x 62 cm. and
even in these cages not all moths mated (approximately 70% mated) ].
During these flights the male opens and shuts the claspers and continually
extends the reproductive organs. The female may also extend her ovi-

positor. She then lands on a vine or fence post. The male follows and
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after much fluttering and probing with the abdomen, backs towards the
female and mating occurs. After pairing the male folds his wings over
those of the female. Mating usually lasts for a considerable time, the
average (for 10 moths) being 62.5 minutes with a range of 40 to 93 minutes.

After mating the male immediately flies off while the female remains.

4,2 Pre-oviposition Period

When the moth first emerges none of the eggs are mature. Those
nearest the common oviduct mature first and there is a gradation along the
length of each ovariole from mature at one end to a completely undifferen-
tiated mass of tissue at the other end. Thus eggs are continually
maturing throughout the life of the moth.

In the laboratory, oviposition did not usually begin until
approximately 3 days after emergence (Table 4.2). The moths could mate
at any time during this period but oviposition did not normally begin
immediately after mating. This pre-oviposition period is assumed to
occur in the field where it may be considerably longer tLan 3 days, depend-
ing on weather conditions. 1In rare instances (in the laboratory), some
moths began ovipositing within a few hours of mating. The resulting
eggs were all fertile. Thus while a pre-oviposition period is usual, it

is not necessary for the production of fertile eggs.

4.3 Rate of Oviposition

The oviposition rate varies depending on, the mated state, activity
and age of the moths. Mated moths begin oviposition earlier than
unmated moths and lay more eggs (Table 4.3). The activity of moths in
the laboratory depends on the size of the cage, the light/dark regime and

the temperature. Moths would mate only in large cages (see above) yet



TABLE 4.1 Number of days from emergence to mating in

the laboratory.

Days from
emergence No. of moths
to mating

1 2
2 10
3 7
4 1
TABLE 4.2 Length of pre-oviposition period in days in

the laboratory.

Length of

pre-oviposition No. of moths

period

[SL -V R S
]
[




TABLE 4.3 Mean fecundity and length of pre-oviposition

period for mated and unmated moths.

Mean no. eggs Mean length of
Moths laid/g pre-oviposition
period (days)

Mated 460.2 3
Unmated 65.5 ]
TABLE 4.4 Rate of oviposition for 10 female moths at 25°%¢.

No. eggs/g for‘moth no.

Days 1 2 3 4 5 6 7 8 9 10 |Mean
1 220 | * 79 1 | 86 [117 | * 97 |104 |[180 [110.5
2 358 | 241 |361 |418 [144 |[201 |105 |[247 |197 |226 |[258.8
3 200 | 16 |133 |127 | 79 |1e2 o |13 | 95 |113 |107.0
4 242 |205 |183 |164 [127 | 93 | 41 |189 |146 | 88 |147.8
5 135 | 53 | 94 | 82 |114 [106 |113 | 62 |104 | 77 | 94.0
6 14 | 55 | 50 | 17 | 50 | 42 | 20 | 56 | 31 | 53 | 39.7
7 9 | 56 | 45 | 74 | 95 | 62 1 | 87 | 72 | 55 | €3.7
8 129 | 86 9 | 69 | 12 | 80 | 27 | 89 [101 |[145 | 74.7
9 103 9 | 53 |123 2 | 92 | 53 | 21 | 42 | 50 | 5.0

10 10 | 20 | 37 | 46 o | 35 } 17 | 33 | 10 | 15 | 22.3
11 154 0 o | 10 0 0 0 0 0 o | 16.4

* = numbers not counted
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would oviposit readily in small canisters approximately 14 x 14 cm. (but
would not oviposit in containers smaller than this).

In an experiment to investigate the rate of oviposition, female
moths were kept at 25°C in a light regime of 14 hours light : 10 hours
dark. They were placed in these conditions after 2 days in the mating
cages i.e. 2 days after emergence. Only moths that had mated were used
to determine the rate of oviposition. The numbers of eggs laid were
counted and removed each day. Results for the 10 most fecund moths are
given in Table 4.4. There was a peak in the rate on the second day
after oviposition began, after which it decreased (with minor fluctuations),

until the moths died.

4.4 The Female Reproductive Tract

The anatomy of the female reproductive tract was examined in detail
and is described below. The terminology used has been adapted from
Callahan & Chapin (1960), Holt & North (1970) & Stern & Smith (1960).
This section should be read in conjunction with Figure 4.1.

In Phalaenoides glycine there are two genital apertures, the ostium

bursae or copulatory aperture and the ovipore or oviposition aperture.
The ostium bursae is ventral to the ovipore and is chitinized.

The bursa copulatrix is divided into the ductus bursae and the

corpus bursae - there is no appendix bursae. The ductus bursae leads

from the ostium bursae to the corpus bursae. The point at which it

enters the corpus bursae is the cervix bursae. The corpus bursae is a

large sac-like structure, its shape and appearance depending on the mated
state of the moth (Section 4.5). Often a green object can be seen in the
corpus bursae. This is the remains of the spermatophore that formed

during mating. Davey (1965) states that in the few instances where the



Figure 4.1 Diagram of the female reproductive tract.

ag = accessory gland

agr = accessory gland reservoir
bs = bulla seminalis

ceb = cervix bursae

co = common oviduct

cob = corpus bursae

db = ductus bursae

ds = ductus seminalis

e = €gg

1lr = Lagena

o = ovariole containing eggs
3 = poliiwse fprasil

op = ovipore

Y = rectum

s = spermatheca

sd = spermathecal duct

sg = spermathecal gland.
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spermatophores of Lepidoptera have been examined, the spermatophore
has been found to consist of one or more sperm sacs embedded in a

gelatinous matrix. This is so in Phalaenoides glycine.

In Colias philodice (Stern & Smith, 1960) a lamina dentata is

present in the corpus bursae. No such structure was found in Phalaenoides

glycine. The lamina dentata is thought to be responsible for tearing open
the spermatophore and thus releasing the sperm (Petersen, 1904). However
in some Lepidoptera spines on the lining of the bursae or proteolytic
enzymes are thought to cause the breakdown of the spermatophore (Davey,

1965). It is not known how sperm are released in Phalaenoides glycine.

The ductus seminalis is a narrow duct leading from the corpus bursae

to the common oviduct. Sperm pass down this on their way to the
spermatheca for storage. As the ductus seminalis nears the opening into
the common oviduct it enlarges into two bulb-like structures. These are

the bulla seminalis.

The spermatheca, consisting of a small lobe or lagena and a large
lobe or utriculus, is connected to the common oviduct by the spermathecal

duct (ductus receptaculi). This enters the common oviduct close to the

junction of the common oviduct and the ductus seminalis. Sperm are
transferred from the corpus bursae to the spermatheca along these two
ducts. The spermathecal duct is twisted along its length. It opens into
the lagena which in turn opens into the utriculus. From here a long,
thin, single spermathecal gland extends.

Also joining the common oviduct, but low down near the rectal

opening, is the duct leading to the accessory glands. This duct branches

into two, each branch leading to a large, bulbous, white, accessory gland

reservoir. A single accessory gland empties into each reservoir.

Secretions from these glands are thought to play a part in cementing the
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eggs to the substrate on which they are laid (Norris, 1932) . The ducts
leading from each reservoir unite in a mass of tissue (thought to be
muscular) surrounding the hindgut and rectum.

The common oviduct extends from the ovipore to a point beyond the
openings of the ductus seminalis and ductus receptaculi, where it divides

into two lateral oviducts. These each branch into 4 ovarioles. Eggs at

all stages of development are found in the ovarioles. Those near the
oviduct are usually mature and are enclosed in a shell. They become less
mature along the length of the ovariole. 1In mature females that are
ovipositing, eggs are found in the common oviduct. Occasionally mature
eggs were found in the ductus seminalis but only rarely. This phenomenon

was also observed in Colias philodice (Stern & Smith, 1960).

4.5 Age and Reproductive State

Female moths of known age and mated state were dissected and their
reproductive systems examined. These were used as references so that the
reproductive states of moths caught in the field could be determined at
various times in the season. The moths were classified into the
following reproductive states:

(1) Young virgin females (newly emerged)

(2) Young mated females

(3) Middle-aged virgin females

(4) Middle—aged mated females

(5) o014 virgin females

(6) 01d mated females

(i) Young virgin females

These were newly emerged moths. Each abdomen examined was very empty,
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the whole reproductive system being small and undeveloped. (As the moths
become older the eggs begin to mature and the ovaries expand until
eventually they fill the whole abdominal cavity. This occurs regardless
of whether or not the moth has mated).

At emergence there was no food in the gut but the moths usually
fed as soon as possible after their wings dried and they could fly.

In general there was a large amount of fat body in the abdomen.

The corpus bursae and spermatheca were small and in some moths
contained a whitish substance. No eggs were found in the common
oviduct.

The mean number of mature eggs in virgin females 1-4 days old was
114.6 with a range of 7 eggs/female in a l-day-old moth to 311 in a

4-day-old moth.

(ii) Young mated females

Moths in this category were 1-5 days old and had mated but not
begun to oviposit. Most were 2-3 days old and by this stage many eggs
were mature and the ovaries had expanded to fill the whole abdomen.

Food was usually present in the gut but the amount varied. There
was a medium to large amount of fat body. The corpus bursae was very
inflated and contained a large amount of the whitish substance mentioned
earlier. 1In this were small amounts of a green gelatinous substance,
the spermatophore. This was very obvious in newly mated females. The
spermatheca was also inflated and filled with a whitish substance.

These moths had not yet begun oviposition so no eggs were present
in the common oviduct. The mean number of mature eggs was 121.6/female

with a range of 64-203 eggs/female.

(iii) Middle-aged virgin females

Moths in this category were never found in the field but were
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present in laboratory cultures. However it is likely that they do
occasionally occur in the field.

The abdomen of these moths was usually fat-looking and remained so
much longer than in similarly aged, mated moths. This was because unmated
moths tended not to begin oviposition until much later than normal and
they frequently died without laying any eggs.

There was usually a little food in the gut and a small to medium
amount of fat body. The corpus bursae and spermatheca were both small
and undeveloped. Eggs were present in the common oviduct of moths that

had begun oviposition.

(iv) Middle-aged mated females

Moths were placed in this category if they were more than 3-4 days
0ld, had mated and were ovipositing.

At the start of oviposition, the abdomen of these moths was fat
and filled with eggs, both mature and immature. As oviposition continued
the abdomen gradually decreased in size. By this stage there was usually
only a small amount of food in the gut. The amount of fat body depended
on the age of the moth, young moths having a large amount and older moths
having comparatively little.

The corpus bursae and spermatheca were inflated and filled with a
whitish substance. The green, gelatinous spermatophore was not always
visible. It is thought that it gradually breaks down. However the moth
could still be identified as having mated because the corpus bursae was
always inflated, often to a huge size.

These moths were ovipositing, so eggs were present in the common
oviduct. The mean number of mature eggs was 203.2/female, the range, 86 to

337/female.
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(v) 01d virgin females

This category of moths was also never found in the field but was
sometimes present in the laboratory.

The abdomen was thin and very empty with no mature eggs. The whole
reproductive system was shrunken and small. Little or no food was present
in the gut and there was little fat body. Few unmated moths lived long
enough to be put into this category. Most died in middle-age without

laying any eggs.

(vi) 014 mated females

Moths in this category were thin looking and their abdomens fairly
empty of eggs. There was usually no food in the gut and no fat body
present. The corpus bursae and spermatheca were large but deflated (like
deflated balloons). There were usually eggs present in the common oviduct.

The mean number of mature eggs was 45.6/female with a range of 0-120/female.

4.6 Reproductive States in the Field

4.6.1 Live Females

Female moths caught in the first generation in the 1974-75 and
1975-76 seasons and in the second generation in 1975-76, were dissected
and their reproductive states examined. The numbers of moths in each
weekly sample were small (sometimes only one moth). This was particularly
so in the first generations when population numbers were very low. In
each case the size of the abdomen, the presence or absence of food in the
gut, the amount of fat body, the state of the corpus bursae and spermatheca,
the presence or absence of eggs in the common oviduct, the number of mature
eggs in the ovaries and the amount of the abdominal cavity occupied by
the reproductive system was examined. Their mated state was determined by

comparing them with the moths of known age and mated state described in
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Section 4.5. The number of mated moths, the number ovipositing and the
mean number of mature eggs are given in Table 4.5.

Some moths were seen on dates other than those shown in the table
but none were caught. Newly emerged moths were seen throughout each
season, even late in the season when the population had declined in
numbers. Thus it was not possible to tell how far advanced the season

was by capturing female moths and determining their reproductive state.

4.6.2 Dead females

Towards the end of the second generation flight periods each season,
dead moths were found in the field. They were not found in the first
generations because population numbers were always low and the chances
of finding dead moths slight (once they are dead the moths rapidly
disintegrate and are usually carried away by ants. Thus all moths
collected had died recently).

Nine moths were dissected in all and their reproductive systems
examined. The moths were all found dead on the ground near Eucalyptus
trees at Langhorne Creek. No dead moths were found in the vineyard
itself, apart from those caught in spiders webs.

All the moths had tattered, torn wings, which suggests that they
were old. They all had little or no fat body and no food in the gut. The
reproductive systems had shrurnk and the corpus bursae and spermathecae
all contained a whitish substance. These moths exhibited all the charact-
eristics of o0ld mated moths (Section 4.5). An important fact was that
by the time they died, the moths had few eggs in their ovaries, (mean
nunber of eggs/female was 45.1, range 0-120 eggs/female), and since the
reproductive systems were all shrivelled it was assumed they had realized

most of their reproductive potential.



TABLE 4.5 Reproductive states of females caught live in
the field in the first generation 1974-75 and
1975-76 and the second generation 1975-76.
No. moths No. Mean no. Total
Date : s
mated ovipositing mature eggs
GS:21974—75
2/10/74 2 1 320 2
11/10/74 0 0 (240) 1
17/10/74 5 5 264 5
31/10/74 2 2 20 (0) 3
G£;21975—76
16/10/75 1 0 200 (71.7) 4
11/11/75 2 1 198 2
25/11/75 1 1 105 1
9/12/75 1 1 136 1
G§:21975—76
20/1/76 2 1 152.5 2
28/1/76 1 1 238 (245) 2
3/2/76 4 2 108.5 (39) 7
19/2/76 6 4 184.7 (276) 8

()

mean no. mature eggs in unmated females.
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4.7 Fecundity

In the preceeding sections only mature eggs (eggs with a chorion)
were counted. However these figures cannot be used to estimate the
total number of eggs a female lays or is capable of laying. The number
of eggs actually laid often bears no resemblance to the reproductive
potential of the moths. To estimate this, 3-day-old moths, from a
laboratory culture (kept at 25°C), who had not yet begun to oviposit,
were killed and the total number of eggs they contained counted. When
the moth first emerges there are no mature eggs present but they rapidly
develop and mature with time. At the terminal end of the ovarioles
the eggs are present as a mass of undifferentiated tissue. This means
that the estimates of the reproductive potential given below are under-
estimates. The eggs were counted as far up the length of the ovariole
as individual eggs could be distinguished. The mean total number of
eggs/female was 1099 (range 1021-1235). The mean number of immature

and mature eggs was 800.3 and 298.7/female respectively.

4.7.1 Fecundity and Temperature

The influence of temperature on fecundity has been studied by
many workers e.g. Isely (1938). The fecundity of moths was studied
at different temperatures in the laboratory. On emergence, moths were
placed in the mating cages for 2 days and then placed in canisters in
the various temperatures. The number of eggs laid each day was recorded.
The temperatures used were 150, 200, 25o and 30°C. Results are given
in Table 4.6. No eggs were laid at 15°c. Most eggs were laid at 25°cC.
Moths lived longer at 15°c than at higher temperatures.

The potential fecundity is approximately 1100 eggs. Fecundity

was highest at 25°C but in the field the temperature is constantly

changing and thus the rate of oviposition changes also. There was a
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marked drop in fecundity from 25 to 20°C and from 25-30°C. Thus if
the weather is cold, the rate of oviposition is lower and even though

moths live longer the fecundity is low.

4.7.2 Fecundity and Food

Food may influence fecundity because it influences longevity i.e.
if adults feed then they will survive longer and thus have a longer
period for oviposition. Work has been done in this field by Drooz (1975),
Given (1944), Shorey (1963), Macaulay (1973), Cheng (1972), Beckwith
(1970) and Latheef & Harcourt (1972).

The effect of adult food on longevity and fecundity was investigated
in the laboratory. On emergence, female moths were placed in mating
cages in one of the following treatments:

(1) with no food.

(2) with water.

(3) with 10% honey solution.

After 2 days in the mating cages they were placed in oviposition cages
at 25°¢ (still in the treatments). The same moths were used in the 10%
honey solution treatment as were used in the 25°C treatment in Section
4.7.1. The eggs laid were counted each day until death. Results are
given in Table 4.7. There was no significant difference in longevity
between moths fed on water and moths with no food at all. Differences
in fecundity were significant. Moths fed on the honey solution lived

longer and laid more eggs than those in the other two treatments.

4.7.3 Fecundity and Size

The relationship between moth size and fecundity has been studied
by Martyn (1965), Cheng (1972) and Miller (1957). Size largely depends

on the amount of food ingested in the larval stages. 1In the laboratory,



TABLE 4.6 Fecundity and longevity of ? moths at different
temperatures.
£ No. of Mean Range Mean Range
Temperature moths longevity (longevity) fecundity (fecundity)
(days)
15 11 19.1 6-27 0 -
20 10 15.3 11-18 69.2 3-167
25 11 10.5 5-15 445.7 105-944
30 13 8.0 4-13 58.2 0-227
TABLE 4.7 Fecundity and longevity of Q moths supplied with
ot
either no food, water only on 10% honey solution.
T No. of Mean Range Mean Range
ECEENENE moths longevity (longevity) fecundity (fecundity)
(days)
no food 17 6.0 5-7 121.7 0-219
water 17 5.8 3-7 81.0 0-214
honey 11 10.5 5-15 445.7 105-944
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larvae were often much smaller than those in the field and the adults
also differed in size. Female pupae were weighed soon after they had
formed and the fecundity of the resulting moths noted. B2All moths were
fed on 10% honey solution and kept at 25°C. Results are given in Table
4.8. They show that the mean number of eggs laid by heavier moths
(i.e. weighing more than 0.3 g.) was almost twice the mean number laid
by the lighter moths (weighing less than 0.3 g.).

Thus fecundity is affected by temperature, adult food and the

size of the moth.

4.8 PFertility

Often the fertility of moths decreases with age and even mated
moths are likely to lay an increasing number of infertile eggs towards
the end of their lives. Eggs were sampled each week at Langhorne Creek
and their fertility examined. If eggs are fertile, brown specks appear
within 24 hours of being laid. If green eggs were found, they were
marked and examined at a later date. 1In all cases they had either
developed, hatched or disappeared, in which case it was assumed that
they had hatched and the empty egg-shell was lost because once the larva
has hatched, the shells dry out and are easily dislodged (field moths
brought into the laboratory never laid infertile eggs, (unless they were
collected just as they emerged)).

Moths were caught regularly in the field and dissected to determine
whether or not they had mated. In all cases, moths that were classified
as having begun oviposition, (having mature eggs in the common oviduct),
had mated.

The sex ratio (Section 2.5) was shown to change throughout the

season from a male dominated ratio early in the season to a female



TABLE 4.8 Influence of size of moth on fecundity.

Moth No. Weight (g) Fecundity

13 0.251 359

5 0.262 105
27 0.264 341 mean
21 0.273 606 EEa
28 0.278 390
17 0.293 204
23 0.329 203

7 0.403 1034 mean
54 0.417 610 S
34 0.478 645
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dominated ratio later. Thus, particularly early in the season when
there is an abundance of males, it is unlikely that a female would not
mate and lay fertile eggs. Later in the season when the male population
has declined, the chances of mating would be less but as mentioned in
Section 2.5, all female moths caught late in the season had mated.

In the laboratory infertile eggs were frequently laid because the
conditions under which moths will mate are very rigorous. The situation
in the laboratory however, has little relevance to the field.

From field data it was concluded that infertility is not an

important factor in the biology of Phalaenoides glycine and therefore

has little or no effect on the population dynamics of the species.
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CHAPTER 5

OVIPOSITION SITES AND FACTORS THAT INFLUENCE THEIR CHOICE

"Tn our admiration for the unerring skill with which certain
moths and butterflies select for oviposition just that plant upon
which the larvae will feed, we are inclined to overlook the fact that
many species either do not practice this skill or, if possessed of it,
frequently erx".

This quotation in a paper by Dethier (195%) on the egg-laying
habits of Lepidoptera in relation to foodplants, together with questions
which arose from the distribution of vine moth eggs in the field, led

to an examination of the oviposition sites of Phalaenoides glycine in

the field and the factors that influence their choice.

Distribution studies indicated that the population at Langhorne
Creek was not randomly distributed but was patchy (Chapter 3) and it
was thought that this patchiness was due initially to the behaviour of

the female moth.

5.1 Oviposition Behaviour

Female moths lay eggs singly and not in batches as do many moths.
The eggs are usually laid on the undersides of the vine leaves, rarely
on top. They are laid close to the edge of the leaf or close to the
midrib or veins.

Prior to the deposition of an egg, the moth flutters about amongst
the leaves, usually low down, close to the ground. The moth then lands
and walks around the edge of the leaf exploring the underside with the
tip of the abdomen. There is much extension and contraction of the
ovipositor before the egg is actually laid as if many contractions are

necessary to move the egg down through the common oviduct and ovipositor.
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Once one egg is laid the female may continue probing with the ovipositor
and lay another egg close by or she may fly to another site to lay more
eggs. From observations in the field it appears that females often lay
several eggs on the same leaf or on nearby leaves before flying off

to another place where the sequence is repeated. There is evidence

that the oviposition site is selected by the female and not chosen at

random (see later).

5.2 Oviposition Sites

5.2.1 1In the Field

During routine sampling of eggs and larvae to obtain data on
population numbers at Langhorne Creek, it became obvious that eggs were
being found mainly on the lower branches of the vines i.e. on the canes
that were hanging down and trailing on or close to the ground. The
position of the eggs, i.e. if they were on trailing or non-trailing
canes and whether they were on the top, middle or bottom of the vines,
was noted. It was also noted whether those vines with eggs on non-
trailing canes, possessed trailing canes. Of the 104 eggs examined,

2 were on the top of the vines, 40 were on the middle and 62 were on

the bottom. Differences between these positions were significant

(x2 = 53.1). Thus the bottom of the vine is the most common oviposition
site.

Table 5.1 shows the number of vines with eggs on trailing and non-
trailing canes. The x2 value for this data is 21.1 which is highly
significant. It was concluded that eggs tend to be laid on vines with
trailing canes rather than on vines with non-trailing canes and that
they tend to be low, close to the ground. When eggs were found on non-

trailing canes they were usually on vines that did not possess trailing



TABLE 5.1 2 x 2 contingency table showing the number of

vines with trailing and non-trailing canes,

with and without eggs.

No. of vines No. of vines Total
with eggs without eggs
Vines with
trailing canes 52 54 106
Vines with non-
trailing canes 38 136 174
Total 90 190 280
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canes.

The above applies only to eggs laid in the second generation when
the vines have reached their maximum extent of growth. 1In the first
generation, which begins about the time the vines first come into leaf,
the eggs are always found close to the main vine stem and on leaves
near the main branches. If the vines have suckers sprouting from lower
down the stem, these almost invariably have eggs on them.

The most common oviposition site, after the leaves, was the canes.

Dethier (1959a) stated "It is generally assumed that the continued
existence of a species is evidence that the eggs are always properly
placed", but this is not so. During observations at Langhorne Creek,
moths were seen ovipositing in several 'unlikely' sites. One moth laid
several eggs on clods of earth close to, but not touching, trailing
vine canes. (Overall, though, very few eggs were found on the ground).
Eggs were also found on the posts of the vine trellis but again these
were always surrounded by vine shoots and leaves. The weeds on the
edge of the vineyard on which the moths fed, and also weeds which often
grew up through the vines, were searched but no eggs were found.

All the eggs found in the above places were laid within a few
centimeters of vine leaves or tendrils and when they hatched, the young
larvae would not be far from food.

In home gardens vines are often grown so that they climb over or
on various structures. In such situations eggs have been found on
rough surfaces adjacent to the vines, such as window sills and wooden
balcony railings. The eggs were usually within 10 cm. of the nearest
vine leaves. Often vines in home gardens grow amongst nearby plants
but eggs were never found on these plants even though they were on the

intertwining vine leaves.
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5.2.2 1In the Laboratory

In fecundity experiments in the laboratory female moths frequently
laid eggs in places other than on the vine leaves provided. Each day
moths in cages were examined, the eggs counted and their positions noted.
These positions were on the

(1) 1id

(2) 1leaf

(3) water container holding the leaf

(4) food or its container

(5) filter paper on the bottom of the cage

(6) clear perspex walls of the cage.

Results are given in Table 5.2. The filter paper was likely to give a
biased estimate because old females tended to flap around on the bottom
of the cage laying eggs. Thus the figures only include egg counts up

to two days before death. If any moth seemed unable to fly properly she
was discarded. The results show that the moths tended to lay their eggs
on the leaves. The next most usual position was the filter paper.
(Differences between the number on the leaves and filter paper are
significant, x2 = 15.6). In view of the fact that in the field moths
have been observed laying eggs on structures close to the vines, it

is surprising that more eggs were not laid on the water container holding
the leaf, or on the walls. However these were made of clear, smooth
perspex. The least "preferred" site was the food container which was
clear, smooth glass (of those eggs laid on the food and water containers,
the majority were laid on the rough plastic tops). 2ll eggs laid on the
lid were on or around the gauze covering the ventilation holes. Thus

the moths tend to lay on rough sites.



TABLE 5.2 Oviposition sites in the laboratory.

Site Average Total no. % total.
no. eggs/g eggs eggs laid

lid 21.46 279 12.6
leaf 64.38 837 37.8
water container 11.54 150 6.8
food 3.85 50 2.3
filter paper 52.54 683 30.8
walls 16.69 217 9.8
Total 170.46 2216 100
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5.3 Factors Influencing Oviposition

5.3.1 Shelter

During the study of oviposition sites in the vineyard most eggs
were found on trailing canes and suckers and not on the top or outer
parts of the vines. It was thought these were "preferred" sites because
they offered the most shelter and protection from prevailing weather
conditions. Experiments were conducted in the field at Langhorne Creek
to test this hypothesis.

Because the prevailing winds and weather came from a south to
south-westerly direction, an experiment was conducted to see if more
eggs were laid on the north-eastern side of the vines. Data on the
position of eggs on the vines were obtained from routine sampling for
population studies. The results are given in Table 5.3. Of the vines
with eggs, the mean number of eggs on the south side of the vines was
10.16 while that on the north side was 7.31 (65% and 35% respectively of
the total number of eggs found). The results were analysed by a t-test
as shown by Snedecor (6th edition pp 114-116, 1962). This method was
chosen in preference to a similar method (pp 100, 104) because it does
not assume the population variances are the same. The t-test showed that
differences between the means were not significant (t' = 1.19) and thus
it was concluded that there was no difference in the number of eggs laid
on the north and south sides of the vines. It was realized later that
these results were not unexpected for the observations were made during
the second generation by which time the vines offered considerable
shelter for the moths.

A new experiment was designed and carried out as follows. Wind-
breaks, consisting of a framework of poles and wire netting covered with

a dense material (Figure 5.1) were set up around several vines so that



TABLE 5.3 Number of eggs on different sides of the vine
(1973-74 second generation).
SOUTH SIDE NORTH SIDE
No. of No. vines Mean No. of No. vines Mean
Date . :
eggs with eggs no. eggs eggs with eggs no. eggs
5/2/74 115 12 9.58 11 6 1.83
12/2/74 125 10 12.50 94 18.80
21/2/74 26 10 2.60 121 16 7.56
1/3/74 232 13 17.85 41 7 5.86
7/3/74 15 4 3.75 18 5 3.60
14/3/74 5 2.50 0 0 -
Total 518 51 - 285 39 -




Figure 5.1 Windbreak around vine at Langhorne Creek.
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they were sheltered from the prevailing south and south-westerly winds
(they were open to northerly winds but these were not common). Frame-
works were set up around other vines but were not covered with the wind-
break material.

The windbreaks were set up at the beginning of the 1974-75 first
generation just prior to the vines bursting into leaf and before the
moths started flying. They remained in place throughout the following
two seasons but the experiment was conducted only in the first generation
because of the vine growth as explained above. The vines were examined
at weekly intervals and the number of first instar larvae noted. The
whole vine was carefully searched in each case. Larvae were counted
rather than eggs because they were easier to find. Results are given in
Table 5.4.

Throughout the generation more larvae were found on the windbreak
vines than on the non-windbreak vines. However when the results were
analysed it was realized that because larvae had not been removed from
the vines each week it was not possible to tell if larvae were counted
more than once. So the experiment was repeated in the first generation
of the 1975-76 season. This time eggs were counted and were removed
each week. Again the whole vine was searched. Results are in Table 5.5.

The results show that differences were large between the number of
eggs laid on vines with windbreaks and those without (t' = 3.13). It
was concluded that more eggs are laid on sheltered vines and thus moths
"prefer" sheltered sites for oviposition.

The windbreaks provided not only shelter from the wind but also
from rain. However wind is more important than rain in influencing the
choice of oviposition site because moths will fly and oviposit in the

wind (provided it is not too strong) but in rain they usually do not.



TABLE 5.4 Results of windbreak experiment, Generation<:)

1974-75 season.

Date No. Larvae on
Windbreak Non-Windbreak
vines vines
31/10/74 1 0
7/11/74 1 0
19/11/74 16 0
28/11/74 21 3
5/12/74 7 0
12/12/74 0 0
Total 46 3
TABLE 5.5 Results of windbreak experiment, Generation<:)
1975-76 season.
No. eggs on
Baite Windbreak Non-windbreak
vines vines
2/10/75 0 0
9/10/75 12 0
16/10/75 28 0
27/10/75 38 4
4/11/75 16 2
11/11/75 2 5
18/11/75 0 1
Total 96 12
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5.3.2 Wind

Wind influences not only the choice of oviposition site but also
moth flight and therefore oviposition.

The effect of wind velocity on flight was studied in the laboratory.
Moths were placed in a cage in a wind tunnel and their flight activity
noted at several different wind velocities i.e. at 3.3, 5.5, 8.2, 11.0,
13.7 and 22 km/hr. The temperature was approximately 27°C. Moths flew
at wind velocities of 3.3, 5.5, 8.2 and 11.0 km/hr. They did not fly at
13.7 or 22 km/hr. At these velocities they flattened their wings and
clung tightly to the sides of the cage.

Wind speed records were kept at Langhorne Creek throughout the
1974-75 and 1975-76¢ first and second generation flight periods. It was
difficult to correlate windspeeds with the numbers of moths flying
throughout these seasons because moth population numbers changed from
week to week. However this data was used to explain the change in
numbers in the first generation in 1974-75 (see Chapter 2). Figure 2.6
shows that moth numbers were lower than expected on 24/10/74 and 31/10/74.
On these dates the mean windspeed was 24.3 and 16.9 km/hr respectively,
thus making these days unsuitable for oviposition (these are mean figures
and there were times on both these days, when the windspeed was low
enough for flight to take place. Hence the numbers flying in Figure 2.6
on these days are not zero). In the field, in very windy conditions,
moths cling to the vines and weeds around the edges of the vineyard.

If disturbed they do fly but seem to be carried along by the wind rather
than actively flying themselves. Thus in very windy conditions the ovi-

position rate is reduced in the field.

5.3.3 Food

The presence of adult food often influences the choice of oviposition
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site i.e. often more eggs are laid close to a food source than far away.
At Langhorne Creek moths fed on weeds on two sides of the vineyard
and on Eucalyptus sp. and fruit trees nearby when these were in flower.
Vines close to these food sources were examined to determine if there
was a "border" effect i.e. if more eggs were laid on the edge of the
vineyard near the food sources than elsewhere in the vineyard. The
results showed that the mean number of eggs/% vine was 5.63 on vines
close to food and 6.44 on vines far away from food. Thus there was
no border effect and there is no evidence that the presence of food

influences the choice of oviposition site.
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CHAPTER 6

MORTALITY
6.1 Predation
There are several predators of the vine moth, mainly of the larval
stages, and although only one of these is important in reducing numbers,

the others should be mentioned.

6.1.1 Types of Predators

Often insects that are brightly coloured are distasteful to birds

and other predators, (or mimic ones that are), e.g. Papilio troilus
Ste K b
(Frost, 1942). However vine moth larvae, which are brightly coloured

and very conspicuous on both vine and Hibbertia leaves, are eaten by

several bird species. These are the Bronze cuckoo Chrysococcyx basalis,

the Pallid cuckoo, Cuculus pallidus, (French, 1893) and the Magpie,

Gymnorhina tibicen. The Indian Myna, Acridotheres tristis, although

introduced into Australia in the hope that it would feed on larvae, was
not successful as a predator (McCoy, 1885). In this study no Bronze or
Pallid cuckoos were seen feeding on larvae. Magpies were observed
eating large larvae but this was not common and occurred in home gardens
rather than in vineyards.

There are several bugs mentioned in the literature as being
predatory on vine moth larvae. These are Cuspicona sp. (French, 1893),

Cermatulus nasalis (Anon., 1947) and Oechalia schellenbergii, (also

known as O. consocialis (Gross, 1975)), (Anon., 1938, 1943, 1947;
Fenner, 1961; McKeown, 1942; Monro, 1957). The first two species have
not been observed either in the vineyard or in home gardens. Thus
though they might eat larvae if presented with them, they have not been

found naturally feeding on them in this study. The third bug, Oechalia
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schellenbergii is important as a predator not only of vine moth larvae

but of other economically important pests also (Cullen, 1969).

The above are the only predators found of the larval stages. No
predators (or parasites) have been found of the egg stage and no
predators have been found of the pupal stage. In the adult stage
predation has been observed but it seems mostly to have been accidental.
Several moths were found caught in spiders webs but although the vineyard
contains many spiders, the number of moths caught by them (approximately
7 over three years) Was negligible. On rare occasions robber flies
have been observed carrying off adult moths but robberflies were rarely

seen in the vineyard.

6.1.2 Oechalia schellenbergii - Life History

0. schellenbergii is widely mentioned in literature on the vine

moth. The adult bugs are large, approximately 12 mm long. They are
easily recognized (Figure 6.1) by the large spines on either side of
the thorax. The eggs are black and are laid in batches (Figure 6.2) on
the vine leaves and on weeds growing in the vineyard. The mean number
of eggs/batch for 15 batches is 18.5 (range 8-50). The young nymphs
are black and red and they retain this colour (although in changing
patterns) throughout the nymphal stages, becoming brown on moulting to
adults. The young nymphs remain huddled about the egg batch from which
they hatched, for several days after hatching.and gradually move away
as they become older.

All stages of the bug feed on vine moth larvae. Large bugs
usually feed on large larvae (4th, 5th and 6th instars) while small bugs
(nymphs) tend to feed on smaller larvae. However nymphs have also been
seen feeding on large larvae. Adult bugs are frequently observed in the

vineyard with larvae impaled on their very stout proboscis (Figure 6.3).



Figure 6.1 Oechalia schellenbergii - adults mating.







Figure 6.2 Oechalia schellenbergii - eggs.







Figure 6.3 Oechalia schellenbergii - adult preying on

a sixth instar larva of Phalaenoides glycine.
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They kill the larva by sucking out the body contents and even if the
bug only has one meal from a larva, that larva will die. Frequently the
larvae are sucked completely dry.

In the laboratory, bugs, both adults and nymphs, were observed
with the proboscisinserted into the vine leaf - presumably feeding or
drinking. If they were not subsequently given larvae to eat they died.
Bugs kept with a plentiful supply of larvae were never observed feeding
on leaves and it is thought that they normally feed on leaves only when
food is scarce. However if they are to survive and reproduce, a constant
supply of larvae is necessary, although they can survive for several
days without food.

An experiment was conducted in the laboratory to determine the
number of larvae (on average) a bug would eat in its lifetime, from
hatching to death as an adult. The bugs were kept at 23°%C with a
constant supply of larvae. They fed, grew and reproduced readily as long
as the food supply was adequate. It was found that in the nymphal stages
each bug will consume approximately 8 larvae, and in the adult stage
approximately 12 larvae. Thus the average number of larvae eaten per
bug per lifetime was 20.

The behaviour of larvae and predators was observed in the laboratory.
The bug, once it perceives the larva, usually proceeds straight towards
it, stopping occasionally with antennae waving. Once it reaches the
larva, the proboscis is extended and pushed into the larva. On first
contact the larva usually thrashes the forepart of its body from side
to side - a common defence reaction. However this has never been
observed to deter the bug. Once the proboscis has penetrated the cuticle,
the larva remains gquiet. Occasionally even on penetration no resistance

is offered and the larva seems to be unaware of the presence of the bug.
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Usually bugs attack the posterior end of the larvae but they have also
been seen feeding from the thoracic region.

A parasite of 0. schellenbergii eggs was found in this study.

Details are given in Appendix 4.

6.1.3 Oechalia schellenbergii - Seasonal History

In the field bugs first appeared in the vineyards in spring during
the first generation of vine moth larvae. They were first observed in
late October or early November when the larval population was building
up to a peak. Bugs reached a peak in numbers approximately three weeks
after the larval peak (Figures 6.4 —> 6.6) and then declined. By mid-
January no bugs were present. It is not known where they go when they
leave the vineyard.

Adults reappeared in February as the second generation of larvae
was building up to a peak. Again the bug peak was approximately three
weeks after the larval peak. By the end of April - early May they had

gone again to reappear next spring.

6.1.4 Oechalia schellenbergii - Population Numbers

Bugs were sampled at Langhorne Creek to estimate the numbers present
in the vineyard. Sampling adult bugs was difficult because they were
very shy and flew off at the slightest disturbance. When they were
seen, as soon as they became aware of any movement, they ran and hid
either behind stems or under leaves. Thus the number of adults seen
in the vineyard is a gross under-estimate because for every one observed
many were missed. However all sightings of adults were noted. The bug
population was estimated from the numbers of eggs and nymphs that were
found. The nymphal stages were included because these cannot fly.
Nymphs are brightly coloured (black and red) and unlike the greeny/brown

adults are very conspicuous on the leaves. They were sampled each week



Figure 6.4 Mean number of bugs and larvae/% vine in

the first generation 1973-74.
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Figure 6.5 Mean number of bugs and larvae/% vine in

the second generation 1973-74.
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Figure 6.6 Mean number of bugs and larvae/% vine in

the second generation 1975-76.
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by the same methods used for larval sampling. Results are shown in
Table 6.1.

In the first generation, 1973-74 season, the population numbers
of bugs were large compared with those in the first generations in the
1974-75 and 1975-76 seasons. In 1973-74 the mean number of bugs/% vine
was 1.18 (with a peak of 3.40). In 1974-75 no eggs or nymphs were
found in the first generation and only 4 adults were seen. Thus the
mean number/% vine could not be estimated. In 1975-76 only 28 eggs
and nymphs were found altogether. The mean number/% vine was 0.64.

In the second generation, 1973-74, the number of bugs decreased
slightly from that of the first generation, the mean number/% vine being
0.74 with a peak of 2.05. 1In the second generation 1974-75, a meaningful
estimate of the number/% vine could not be obtained from the one sample,
but population numbers were very low.

In the 1975-76 second generation, the bug population reached its
highest peak in the study. The mean number of bugs/% vine was 1.92 with
several peaks. Throughout this season evidence of bugs, either larvae
killed by bugs (these were easily identified as their bodies had been
sucked dry), fecal matter or eggs, nymphs or adult bugs themselves,
was present on every vine examined after the end of February.

During this generation several vines were observed with 200 or more
larvae and up to 40 or more bugs in all stages from egg to adult.
Consequently many of the larvae were eaten, but not before the vines were

defoliated.

6.1.5 Importance of Predators

In general birds, spiders and robberflies were not considered to
be important predators of the vine moth, particularly in large vineyards

where they were not often seen.



TABLE 6.1 Results of weekly sampling for bugs over 3 seasons
at Langhorne Creek (1973-76) and the mean number

of larvae/% vine.

Total no. | Total no.| Mean no. | Mean no.

EERsem CERSxacn adults eggs + eggs + larvae/
seen nymphs nymphs/ | % vine
4 vine
1973-74 23 470 1.18 0.33

3 267 0.74 2.80

e | ®b| O

1974-75 4 0 0 0.29
45 2.81 14.65

1975-76 1 28 0.64 0.59
19 246 1.92 7.96
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The predator that does affect larval population number and therefore

is important is Oechalia schellenbergii. Figures 6.4-6.6 show the

population numbers for bugs (eggs + nymphs) and larvae throughout the
first and second generations in 1973-74 and the second generation 1975-76.
Examination of the mean numbers of larvae/% vine together with the mean
numbers of bugs/% vine from 1973-76 (Table 6.1) shows that the bug and
larval population fluctuations followed the same trends.

Once the mean number of bugs/% vine was obtained each week the
total number of bugs in the vineyard each week could be estimated.
Similar estimates were made for larvae. Only data from the first and
second generations in 1973-74 and the second generation in 1975-76 were
used. Table 6.2 shows the mean number of bugs and larvae/% vine and
the estimated number of bugs and larvae present in the vineyard each week.

In the first generation in the 1973-74 season bugs were first
observed on 30/10/73. At this time the larval population was at a peak.
In the second generation 1973-74, bugs were first noted on 28/2/74, just
after the peak in larval numbers. In both cases, as the larval
population numbers declined, bug population numbers increased and for
several weeks there were far more bugs in the vineyard than larvae.

This immediately raised the question of how the bugs survive if there
are not enough larvae for them to feed on. Some bugs may die from lack
of food but they are capable of moving to other areas where there is
food. Also, bugs are not dependent on vine moth larvae for food but

will eat many other Lepidopterous larvae (e.g. Epiphyas postvittana - the

Light Brown Apple Moth, which is also found in vineyards). In the
laboratory, if short of food, they became cannibalistic.
The time lag between the peaks in larval and bug numbers ensures

the survival of the vine moth. When the bug population is at its peak



TABLE 6.2 Estimated numbers of larvae and bugs in the vineyard.
Mean no.| Mean no.| Estimated | Estimated total
Date larvae/ bugs/% total no. bugs
% vine vine no. larvae
¢ O 1973-74
30/10/73 0.90 0.35 2995 1156
8/11/73 0.68 1.15 2263 3827
13/11/73 0.08 1.48 266 4925
20/11/73 0.15 3.40 499 11315
29/11/73 0.03 2.18 100 7255
6/12/73 0 1.45 0 4826
29/12/73 0 0.35 0 1165
9/1/74 0] 0.28 0 932
G (2) 1973-74
1/3/74 5.43 0.43 18071 1431
7/3/74 2,23 1.40 7421 4659
14/3/74 2,00 2,05 6656 6822
28/3/74 0 0.33 0] 998
3/4/74 0 1.05 0 3494
18/4/74 0] 0.35 0 1165
24/4/74 0 0.95 0 3162
G (2) 1975-76
3/2/76 0.13 1.07 433 3561
19/2/76 11.46 1.08 38139 3594
26/2/76 24.83 2.08 82634 6922
4/3/76 8.17 2.50 27190 8320
11/3/76 11.75 1.50 39104 4992
18/3/76 9.25 3.50 30784 11648
25/3/76 4.92 1.25 16374 4160
1/4/76 3.60 3.53 11981 11748
8/4/76 0.50 2.00 1664 6656
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the larval population has already declined due to pupation and therefore
is not available as food. This difference in timing is characteristic
of predator-prey relationships and ensures the survival of both predator
and prey species (Andrewartha & Birch, 1954 pp 414).

In the second generation 1975-76, larval population numbers were
high. Bugs were present throughout the larval period but except at
the very beginning and end of the generation, there was always a large
excess of larvae.

From the above discussion it is evident that even though vine moth
larvae have only one main predator, this predator is an important one,
one that is capable of being very destructive to a population of larvae
and is therefore very important as an agent in the biological control of

Phalaencides glycine. There is much scope for further work on the

relationships between the vine moth and this bug.

6.2 Parasitism

There are several insects parasitic on Phalaenoides glycine.

Bmong these are several species of flies and wasps. Parasites have been

found of the larval and pupal stages but not of the egg and adult stages.

6.2.1 Tachinid Flies

(i) Species and Life history: There are two species of Tachinid

flies parasitic on the larval stages of the vine moth. These are
Winthemia sp. and Exorista sp. cf. sorbillans (Wied.). They are large,
bristly, grey and white flies, very similar in appearance, but Winthemia
sp. has a grey head whilst Exorista sp. has a yellow head. Both are
internal parasites. The eggs are laid on the external surface of the
host larva around the head and on the body (Figure 6.7). The eggs are

white and oval in shape. On hatching the parasite larvae burrow through



Figure 6.7 Sixth instar larva killed by Tachinid fly

parasites. Arrows show Tachinid eggs.
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the egg shell straight into the host. Here they feed until the host

is ready to pupate. Then they either pupariate inside the larva (thereby
killing it) or more usually emerge and pupariate nearby. Several
parasites may emerge from one host.

The eggs are usually laid on 6th instar larvae and less frequently
on 5th instars. If eggs are laid on 5th instars, the larvae do not
moult to the 6th. The adult flies differ markedly in size depending on
the amount of food they consume as larvae. If several emerge from one
host often one is very big and the others tiny (sizes range from 4 mm.
to 10-11 mm. in length).

Flies are present in the vineyard when the numbers of large larvae
are at a peak. This is usually about late November, early December in
the first generation and from late February through to the end of April
or early May in the second generation. They overwinter as pupae in
cells constructed by the host larvae.

Another species of fly, Rutilia speciosa Er., is mentioned by

Fenner (1961) as a parasite of vine moth larvae but was not found in
this study.

(ii) Abundance: Fifth and sixth instar larvae of P. glycine
were collected at Langhorne Creek at weekly intervals during the second
generation each year. They were brought back to the laboratory where
they were reared through to pupation. The number of parasites that
emerged was noted. These larvae were collected from the leaves. In the
1974-75 and 1975-76 seasons larvae were collected from the posts where
they pupate. In 1975-76 some were also collected from the soil together
with prepupae found wandering on the ground.

Results are given in Table 6.3. The total % parasitism by both
Tachinid species in 1974-75 (i.e. in all sites) was 62%. That in 1975-76

was 33%. The data shows that parasitism followed the same general trends



TABLE 6.3 % parasitism at differeni:. sampling sites.
Sa.t.npllng Generation Total no. No. lz.zlrw.zae %. _
site larvae parasitized parasitism
sampled

leaves @) 1972-73 200 26 13
(2) 1973-74 51 17 33
() 1974-75 76 44 58
@ 1975-76 181 48 27

posts @) 1974-75 112 72 64
(2) 1975-76 78 23 29

soil (@ 1975-76 222 73 33

ground (2) 1975-76 83 42 51
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as predation i.e. increasing when the larval population increased and
decreasing following a decrease in larval numbers. Winthemia sp. was
more abundant than Exorista sp. Some larvae were parasitized by both
(Table 6.4). Usually there was only one parasite/host but up to 4 have
been found in a single larvae (Table 6.5).

The above discussion has been concerned with parasitism at Langhorne
Creek. Tachinid parasites were also found at the Waite Institute,
North Adelaide and Oakbank where samples were taken on a few occasions
only. Four percent of larvae collected at Oakbank at the end of the
1972-73 season were parasitized by Tachinids. At the Waite Institute in
1973-74, 41.7% of larvae collected were parasitized and at North Adelaide
in 1975-76, 17% were parasitized by these flies. All these collections
were from vines in home gardens. Winthemia sp. again was most common
(60% of parasitized larvae contained this species, 33% Exorista sp. and

7% both).

6.2.2 Hymenopterous parasites

(1) Species and Life history: There are four species of

Hymenoptera that have been found parasitizing Phalaenoides glycine.

One is a Eulophid wasp, one is a Eurytomid and the other two are
Ichneumonids.

The Eulophid wasp, Euplectrus agaristae, is very small (approximately

2.5 mm long), and is an external parasite of the larval stage. Detailed
descriptions of the wasp and its biology are given by Noble (1936, 1938).
It attacks only 4th, 5th and 6th instar larvae, laying more eggs on the
larger larvae. The eggs are laid in batches on the back of the host

and beside each egg the female wasp pierces a hole in the host integument.
When the egg hatches it begins feeding through this hole. The parasites

remain fixed in the one position throughout their larval life. The host,



TABLE 6.4 % of parasitized larvae parasitized by two

species of Tachinid flies.

% of parasitized larvae
parasitized by

Generation Winthemia sp. Exorista sp. Both
@ 1973-74 71.1 21.1 7.8
@ 1974-75 75.0 25.0

(2) 1975-76 83.3 11.1 5.6

TABLE 6.5 Number of larvae with 1 or more parasites.
Number of No. of larvae with x parasites
parasites x 1973-74 1975-76

1 11 18
2 a 5
3 1
4 0 1
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when first parasitized moves and behaves normally but gradually all
movement and feeding cease. The parasite larvae continue to grow in a
compact mass (Figure 6.8). By the time they are ready to pupate the

host larva is dead and they crawl underneath and pupate in a rough cocoon.
Later tiny wasps emerge.

The two Ichneumonid parasites, Ecthromorpha intricatoria and

Lissopimpla semipunctata, are large red and black species approximately

20 mm long. They are pupal parasites and are able to probe through wood
and soil with their large ovipositors to deposit their eggs. If more
than one egg is laid in a host, only one survives. Females observed
ovipositing in the laboratory always successfully found the host even
when it was embedded under bark. They usually attacked the anterior end
of the pupa. If the pupa was turned around, they searched until they
again found the head end before continuing oviposition. Adult wasps
emerge straight from the pupa through a hole in the anterior end.

Eurytoma sp. is a minute (approximately 3mm. in length), Eurytomid
parasite of the pupal stage. Up to 60 parasites emerged from each host
pupa.

The literature mentions a small Chalcid wasp parasitic on the egg

stage of Phalaenoides glycine (Anon., 1938, 1943), however no such

parasite was found in this study.

(ii) Abundance: Euplectrus agaristae was never found at

Langhorne Creek. Neither was it found in the Southern Vales District.
However it is prevalent in commercial vineyards in the Coonawarra area
at certain times. It was found around Adelaide in home gardens though
even here it was not common, (approximately 3% of larvae collected in
1974-75 and 4% in 1975-76 were parasitized by this wasp).

Ecthromorpha intricatoria and Lissopimpla semipunctata were both




Figure 6.8

Sixth instar larva parasitized by

Euplectrus agaristae

(a) parasite larvae in early stages
of development.

(b) mature parasite larvae.

(c) parasite larvae pupating beneath

the dead caterpillar.
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recorded at Langhorne Creek. The incidence of parasitism by these
species was very low, 3.3% in 1973-74 and 1.4% in 1975-76.

Only three specimens of P. glycine were found parasitized by
Eurytoma sp.. These were all found at Langhorne Creek in the 1975-76
second generation. In all 175 of these wasps emerged from the three

pupae.

6.2.3 Importance of Parasites

The incidence of parasitism by wasps was low in vineyards (and in
home gardens) and it is unlikely that they would have a large effect on
population numbers. Thus they are not considered important in the

mortality of Phalaenoides glycine.

Tachinid flies have a greater influence. The proportion of larvae
killed by these parasites was gquite high in some years, and while they

are not as effective as Oechalia schellenbergii, the predator discussed

earlier, they are important in reducing population numbers. Combined

with O. schellenbergii they have a considerable effect on the population.

6.3 Disease

A disease caused by a granulosis virus has been found in Phalaenoides

glycine in the field. The virus was isolated from dead larvae in the late
1960's by Carl Reinganum of the Victorian Department of Agriculture

(pers. comm.). However, beyond diagnosis, no further work has been done
on the virus.

Symptoms of the disease are typical of virus diseases. The infected
larva initially goes through a period of lethargy when it ceases to feed
and movement becomes slow and finally stops. By the time death occurs
the body contents are completely liquified and milky-brown in colour due

to high concentrations of the viral particles. The characteristic posture
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of an infected larva is hanging suspended by the prolegs from a leaf or
stem with the anterior part of the body dangling below. This pose however
is also characteristic of other diseases such as nuclear polyhedrosis
viral diseases, (Steinhaus, 1948), and confirmation of a granulosis
disease must be made with the electron microscope although a phase
contrast microscope can be used to make a tentative diagnosis first.

In laboratory cultures this disease was a great problem but by
ensuring cleanliness in the rearing containers and eventually by keeping
each larva in a separate container the problem was partially overcome.
However if larvae were at all stressed (i.e. starved or handled roughly)
they succumbed. It is thought the disease may be latent and only become
active when larvae are stressed. The symptoms exhibited by larvae all
indicated a viral disease but its identification was not confirmed.

Any disease found in pest populations is of great potential
importance. However in the field only one (possibly two) larva was
diagnosed as having died from this disease. Population numbers varied
from very low to very high but diseased larvae were not found. Thus it
was concluded that disease is not important in the mortality of

Phalaenoides glycine in the field.

6.4 Other Causes of Mortality

6.4.1 Flooding
The vineyards at Langhorne Creek are deliberately flooded in winter
(and often accidentally at other times) each year. At such times the
ground surface is covered with water and often the vines and posts are
submerged. Flooding usually lasts for 2-3 days but can last for longer
periods when rainfall is excessive. When flooding occurs in winter

Phalaenoides glycine is in diapause in the pupal stage, buried in the soil

or in fence posts.
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An experiment was conducted in the laboratory to determine the effect
of flooding on diapausing pupae. Pupae were collected in mid-winter
and brought back to the laboratory where they were placed in various
treatments at 7°C in the dark. The treatments were:

(1) submerged in water.

(2) in flooded soil.

(3) in damp soil.

(4) in dry soil.
Each day they were examined and their survival noted. They were then
placed at 20°C where development was completed and emergence occurred.

This experiment was initially set up in 1975 with 40 diapausing
pupae. They were placed in the four treatments at 7°C for four days
before being transferred to 200C. All subsequently emerged. In the
winter of 1976, 80 pupae were collected and placed in the treatments at
7°C for 3 weeks. Results are given in Table 6.6. All pupae survived
the three weeks at 7°C. Those that died did so when placed in 20%¢c.
This was surprising because it was thought that they would not be capable
of surviving for long periods completely submerged in water.

Thus flooding is not as important as first thought as a cause of
mortality, at least not in diapausing pupae. It may have a greater effect

if it occurred at a time when the pupae were not in diapause.

6.4.2 Temperature
All stages are able to survive in a wide range of temperatures.
In the laboratory temperature is important in rearing insects, particularly
when they are kept at constant temperatures. Table 6.7 shows the survival
of eggs, larvae and pupae at different constant temperatures. Mortality
is high at high temperatures - 100% at 35%¢ (1D = 4.9 days (see Appendix

50

3)). 1In the field temperatures higher than this are often encountered



TABLE 6.6 Results of an experiment on the effects of flooding

on diapausing pupae.

No. of pupae* %
Treatment alive dead survival
water 12 8 60
flooded 20 0 100
damp soil 17 3 =
dry soil 17 3 &3

* after 3 weeks at 7°C and 5 weeks at

20°c.

TABLE 6.7 % survival of different stages at several

temperatures.

% survival at completion of stage at
Stage 10°% |15% |20% | 25% | 27°% |30° | 35°%
egg 0 100 100 100 100 920 0
larva 0 95 100 100 80 70 0
pupa p 100 100 100 100 90 0

* = survived indefinitely
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particularly in the second generation during summer. However in the
field they are maintained for short periods only and thus are not lethal
to the insects.

Thus, in the field, temperature is not considered to be an
important cause of mortality. Nevertheless it does influence activity

and rate of development (Section 8.2).

6.4.3 Rain
This has little effect on mortality except in the early larval
stages. First instar larvae particularly are easily drowned in droplets
of water that form on the leaves and in the leaf axils. They may also
be washed off the leaves. However they are usually found on the under-

side of leaves and are thus protected from rain.

6.4.4 Mortality of eggs in the field

Leaves on vines carrying large numbers of eggs in the second
generation of the 1973-74 season were tagged and the position of the eggs
marked. Their subsequent development was followed until they either
hatched or were classified as dead or infertile. Of 519 eggs examined,
393 (76%) hatched, 126 (24%) died and none were infertile. Eggs
classified as 'dead' all began development (i.e. turned brown) but failed
to complete development and died without hatching. These eggs were all
dry in appearance and although eggs take on such an appearance when
about to hatch, none hatched. It was thought that this may be due to
desiccation as moisture has been shown to be important in hatching in
many species (Uvarov, 1931). No eggs were infertile. 1In fact infertile
eggs have never been observed in the field (if eggs are fertile they
turn brown within 24 hours of being laid; infertile eggs remain green).

Thus it was concluded that there was some mortality in the egg
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stage and that death was probably due to desiccation.

6.4.5 Miscellaneous causes

These include failure to emerge successfully from the pupa,
failure to pupate and failure to moult successfully from one larval
stage to another. None of these is an important cause of mortality
because they rarely occurred.

Ploughing may cause death but it was not considered important
because so few pupae were found in the soil and those that were were in
areas not covered by the plough e.g. down beside posts and vine stems.

When larvae pupate in cracks in posts they often pupate one on
top of the other so that the last to pupate is nearest the entrance to
the crack. Larvae that pupate first thus are deepest in the crack and
because they will probably emerge first they may be unable to reach the
outside. Some half-emerged moths were found dead in fence posts but it
was impossible to tell if they had pupated in the same season as those
on top and thus died because they could not emerge to the outside.

Such a cause of death would have a considerable effect on population

numbers because most larvae pupate in cracks in posts (see Section 2.4.4).
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CHAPTER 7

INSECT - PLANT RELATIONSHIPS

The grape vine, Vitis vinifera, was introduced into Australia

early last century. Since then Phalaenoides glycine, a native insect,

has become more associated with it, until now it is the major foodplant
of this species. Early literature such as that of Lewin (1822) described

Glycine bimaculata as being the main foodplant in New South Wales, but

stated that occasionally larvae were found on grape vines. McCoy (1885)
stated that in Victoria, before the introduction of the grape vine, larvae

fed on Gnaphalium luteocalbum which was very common. However when vines

were introduced and vineyards set up, Phalaenoides glycine abandoned this

plant for the grape vine and increased enormously in numbers. It was

never later found on Gnaphalium luteocalbum. French (1893, 1916) also

refers to the shift from native foodplants to grape vines.

Glycine bimaculata and Gnaphalium luteocalbum were not the only

native foodplants mentioned. Others were Hibbertia sp. and Glycine
clandestina (French, 1916; Jones, 1967). Larvae are now also found on

Fuchsia sp. and ornamental creepers such as Glory vine, Vitis kaempferi,

and Virginia Creeper, Vitis quinquefolia, (Anon., 1943, 1952, 1965;

Fenner, 1961; French, 1916; Jones, 1967).
Experiments were conducted in the laboratory to determine if

Phalaenoides glycine would accept and survive on its original native food-

plants and if adult females would oviposit on them.

7.1 Survival of Larvae on Different Foodplants

The following plants were used in an experiment to test the survival
of larvae on different foodplants:

(1) vVines (o0ld leaves)
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(2) Vines (new leaves)
(3) Fuchsia sp.

(4) Hibbertia sericea

(5) Hibbertia stricta

(6) Hibbertia scandens

Other native foodplants were not available. H. sericea and H. stricta
are native to the Adelaide hills area and H. scandens is native to
New South Wales but is commonly grown in gardens in Adelaide. 01ld and
young vine leaves were used because they differ in nutritive value and
larvae were usually found on new leaves when these were available.

On hatching, first instar larvae were placed in containers with a
fresh leaf of the appropriate foodplant. At the beginning of the
experiment, when larvae were very small, they were all placed in one
container but as they grew they were separated into smaller groups and
by the fourth instar all were kept singly. This reduced the possibility
of death due to disease which was a major problem when large numbers of
larvae were reared together. Larvae were kept at 23°C with a light
regime of 14 hours light, 10 hours dark. Fresh food was given and the
containers cleaned every second day or more often if necessary. Each
day larvae were examined and their survival noted. Results are given in
Table 7.1.

The survival of larvae fed on old vine leaves was low compared with
that on young vine leaves. Survival on Fuchsia sp. was high although
lower than on new vine leaves. After vines, Fuchsia sp. is the most
common foodplant of vine moth larvae in the field.

Of the three species of Hibbertia, only H. scandens supported

Phalaenoides glycine larvae throughout their larval life. Survival on

this species was high. When newly hatched larvae (that had not fed) were

placed on Hibbertia leaves they readily fed on them but if given a choice



TABLE 7.1 Survival of Phalaenoides glycine larvae on
different foodplants.
No. of larvae surviving
Food oAl pen to end of instar ® of.tc.>tal
larvae surviving
1 2 3 4 5 6 to pupation
014 vines 20 20 (18 |15 |14 |12 2 10
New vines 20 20 |20 (20 |20 |20 |19 95
Fuchsia 20 15 {15 |15 |15 |13 |13 65
H. sericea 20 1 1 1 1 1 0
H. stricta 20 0 0 0] 0 0] 0 0
H. scandens 20 16 |16 |16 |16 |16 |15 80




between Hibbertia and vine leaves, they always chose vine leaves. 1In a
home garden where a plant of H. scandens was growing close to a grape
vine, no larvae were found on the Hibbertia while several hundred were
on the vine. In another situation where there was no grape vine near
the Hibbertia, larvae were found on the Hibbertia.

A factor which complicates the issue is the possibility of the
influence of the foodplant of the parent moth (when it was a larva) on
the food preferences of the larvae. It is well known that not only

will moths tend to oviposit on the foodplants they themselves fed on as

larvae but their larvae will also show a preference for that foodplant
(Jermy, 1968; Yamamoto, 1969; Hovanitz, 1969; Hovanitz and Chang,
1963) . This factor was not considered in the above experiment. It is

examined in Section 7.3.

7.2 Rate of Development on Different Foodplants

72.

New and old vine leaves, Fuchsia sp. leaves and H. scandens leaves

were used as foodplants in an experiment to examine the influence of
food on the rate of development of larvae. This experiment was
conducted under the same conditions as that in Section 7.1. Larvae
were examined daily and their instars noted. Results are in Table 7.2.

Development was fastest on new vine leaves and slowest on old
leaves however differences between the rates on different plants were
not significant and it was concluded that the foodplant is not an

important influence on the rate of development of larvae.

7.3 Oviposition on Different Foodplants

To test the ovipositional responses of female moths to different
larval foodplants, an experiment was set up in an outdoor field cage

with four species of plants. These were:



TABLE 7.2 Rate of development of Phalaenoides glycine
larvae on different foodplants.
Average no. days in instar on
Instar New vine 014 vine
leaves leaves Fuchsia Hibbertia
1 4.0 4,5 4.7 .
2 2.8 3.5 2.8 :
3 2.2 3.2 3.5 5.3
4 3.4 4.1 4.8
5 5.5 8.5 7.4 .
6 10.7 11.5 11.1 5
TOTAL 28.6 35.3 34.3 34.3
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(1) Grape vines
(2) Fuchsia sp.

(3) Hibbertia scandens

(4) Citrus sp. (orange)

Phalaenoides glycine larvae are known to feed on the first three species.

Citrus seedlings, on which larvae do not feed, were included to see if
the moths would oviposit on plants unacceptable to larvae.

The four species were arranged in a 4 x 4 Latin square design.
Three plants (approximately the same size) of the particular species
were placed at each position. The grape vines and Citrus seedlings were
growing in pots and the Fuchsia and Hibbertia were cut and placed in
water because no potted plants of these species were available.

Field-caught moths were collected at Langhorne Creek flying over
vines. It was hoped to use a large number of females but on the day
the experiment was set up, only 3 females were caught. These were
released into the cage late in the afternoon of the day they were
collected. They remained there for 3 days. Then all plants were
examined and the number of eggs counted and recorded. Results are given
in Table 7.3. The distribution of eggs among the plants is shown in
Figure 7.1. Unfortunately the total number of eggs laid in the
experiment was low even though the female moths collected appeared to
be young (and thus not at the end of their reproductive life). However
weather conditions during the experiment were not favourable for ovi-
position, with showers of rain and temperatures which were low for that
time of year.

There was a definite preference for grape vines over all the other
species. It is known and has often been observed that females lay eggs

readily on Fuchsia plants and that larvae will survive through to



TABLE 7.3 Oviposition preferences of Phalaenoides glycine

moths reared on vine leaves as larvae.

No. eggs laid by g's

Species £5d an
Vine leaves
Vine 926
Fuchsia 2
Hibbertia 0

Citrus 0




Figure 7.1

Latin square design for oviposition

preference experiments.

V = vines

C = Citrus sp.

H = Hibbertia sp.
F = Fuchsia sp.

The numbers show the distribution of

eggs laid in the experiment.
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pupation on them (Section 7.2). Thus it was surprising that more eggs
were not laid on these plants. It seems that although moths will ovi-
posit readily on Fuchsia if nothing else is present, they prefer vines.
It is well documented that in many species moths show an ovi-
position preference for the plants on which they were reared (Hovanitz,
1969; Yamamoto, 1269). The females used in the above experiment had
fed on vines as larvae and this may have determined their preference
for vines for oviposition. So the experiment was repeated with moths
which had been reared on Hibbertia in the larval stages. Unfortunately
weather conditions during the experiment were unsuitable for oviposition

and no eggs were laid. It was not possible to repeat the experiment.

7.4 Native Populations

Some early literature (McCoy, 1885; French, 1893) states that

once Phalaencides glycine was established on grape vines it never returned

to its native foodplants. However the above studies showed that larvae
will still accept the native plants as food, (even though their survival
on them may be reduced), and moths will oviposit on them. Thus it

seemed likely that there would be populations of Phalaenoides glycine still

feeding on these plants in the wild.

Hibbertia is the only genus which is native to the Adelaide area and
so several areas where this grows were searched for P. glycine. These
included the Southern Vales and Clare districts which are wine-growing
areas, and the Adelaide hills and the Fleurieu Peninsula, south of Adelaide.
H. sericea and H. stricta grew together in all areas except at Clare where
only H. sericea occurred. Altogether several hundred plants were searched
for eggs and larvae. In some cases Hibbertia was growing alongside

vineyards where P. glycine larvae were present but none were ever found
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on these Hibbertia plants, or on Hibbertia in areas where there were no
vines.

Around Adelaide another species Hibbertia scandens is grown in home

gardens. Many plants were searched but larvae were only found on one
plant of this species. The larvae survived to pupation on the plant

and later emerged successfully as adults. This particular plant was in
a small courtyard surrounded by tall buildings in the grounds of Adelaide
University. There were no grape vines nearby. In another situation H.
scandens plants were growing alongside grapevines. In this case no P.
glycine eggs or larvae were ever found on the Hibbertia even though there
were several hundred on the vines. Thus it seems that moths will oviposit
on H. scandens only in the absence of grape vines. Similarly in home
gardens larvae were often found on Fuchsia bushes, but if the Fuchsia
was near a grape vine, larvae were always on the vine and never on the
Fuchsia.

Hibbertia scandens and Fuchsia are only found in home gardens in

South Australia so it was concluded that populations of Phalaenoides

glycine do not occur on native foodplants in the wild - at least not in
South Australia. They may occur naturally in other parts of Australia
but this has not been investigated.

In the above work two related species were found. These were

Phalaenoides tristifica and Eutrichopidia latina. P. tristifica larvae

were found feeding on Epilotium and Ludwigia peploides ssp. monte vidensis.

These larvae survived through to pupation on grape vine leaves but P.
glycine would not feed on either species. Adults of E. latina were flying
around Hibbertia. It is known that larvae of this species feed on
Hibbertia (Common, 1966) but no larvae were found.

Thus vine moth larvae were able to survive on H. scandens though
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not on other Hibbertia species. When adult moths were given a choice of

plants on which to oviposit they chose vines.
present, they would oviposit on H. scandens.

detail in Chapter 9.

When vines were not

This is discussed in more
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CHAPTER 8

MISCELLANEOUS STUDIES

During the course of this study several aspects of the biology of

Phalaenoides glycine were studied that were "off shoots" of the main

theme of the thesis. These included a study of prepupal wandering
behaviour and the rate of development of larvae with respect to

temperature. These are discussed in this chapter.

8.1 Prepupal Wandering

Prepupae, (i.e. 6th instar larvae that have ceased feeding prior
to pupation), leave the vines and wander for approximately 2 days.
Little work has been done on pre-pupal wandering but it is a phenomenon

exhibited by many Lepidoptera and other insects e.g. Porthetria dispar

(Doane & Leonard, 1975), Choristoneura fumiferana (Wellington, 1948) and

Hyphantria textor (Wellington et al., 1954). Most work has been concerned

with reactions to light and temperature e.g. Wellington (1948, 1955),
Wellington et al. (1951), Madge (1964 a & b) and Sullivan & Wellington
(1953) . Dethier (1959) describes the dispersal of larvae to new food
plants. This is not pre-pupal wandering but the behaviour pattern is
similar.

Some of the factors that influence pre-pupae in the 'wandering'

phase were investigated in this study.

8.1.1 Field observations

The wandering behaviour of prepupae was observed at Langhorne Creek.
Prepupae usually travelled in straight lines. They crawled along the rows
of vines on the ridge between vines. Few were ever seen between the rows
of vines. They travelled mainly in the shade of the vines but did not

avoid patches of sunlight. If obstacles were placed in their path they
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climbed them and continued in the same direction. When they encountered
a vine trunk they often climbed up a short distance then descended and
continued in the original direction of travel. They ignored vine
branches or leaves touching the ground in their path. On coming to the
end of a row they either climbed up the large end post or continued
onto the bare ground around the edge of the vineyard. Those that
continued onto bare ground invariably turned back after approximately

1 metre and returned to the end post.

During these observations I noticed that preupae seemed to be
attracted towards me. On reaching me they climbed up as far as my
shoulders (when I removed them). On several occasions I deliberately
stood to one side of prepupae and endeavoured to make them change
direction, which they invariably did. It was possible to make them walk
in circles by moving position. Figure 8.1 shows the results of some
trials carried out in the field. Standing behind a prepupa had no effect
on its direction of travel. Similar observations were made by Doane &

Leonard (1975) on Porthetria dispar.

8.1.2 Attraction to Upstanding Objects

Experiments were conducted to investigate the attraction of pre-
pupae to upstanding objects and to determine over what distances this
attraction operated. A large arena, approximately 2.5 metres in diameter,
was constructed out of corrugated cardboard (smooth side inwards). Pre-
pupae were placed in the middle of this arena and their reactions to
various objects over various distances were noted. The 'upstanding
objects' were constructed out of black plastic. They ranged in height
from 10-100 cm. and in width from 2.5-30 cm. Attraction to each object
was tested over 3 distances, 30, 60 and 100 cm. The objects were placed

at leas than 90° from the path of travel and slightly in front of the



Figure 8.1 Prepupal wandering: attraction of prepupae
to an observer in the vineyard. Arrows show
direction of travel. Numbers show successive

positions of the observer.
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prepupa. The response was recorded as positive if the prepupa changed
direction and came towards the object. A negative response was recorded
if the prepupa did not change direction or if it came towards the object
for a few steps only and then returned to its original path. A negative
response was recorded only if the prepupa waved its head in the air so
that the stemmata could be used (see Doane and Leonard, 1975).

Results are given in Table 8.1. They indicate that at a distance
of 1 metre prepupae were not attracted to objects smaller than 100 cm.
high and 20 cm. wide. At distances of 60 cm. they were attracted to
all objects except those 10 cm. or less high, regardless of width,
and those 2.5 cm. wide (regardless of height). At distances of 30 cm.
prepupae responded to all objects except those 2.5 cm. wide (regardless
of height).

Thus prepupae are attracted to large upstanding objects at a
distance of 1 metre. At closer distances they are attracted to a range
of shapes and sizes, but objects 2.5 cm. or less wide and 10 cm. or less
high are not attractive.

The angles subtended by these objects in both the horizontal and
vertical planes were calculated and are shown together with the responses
of the prepupae in Table 8.2. They did not respond to horizontal angles
of less than approximately 5° or to vertical angles of less than
approximately 18°. Table 8.2 shows that both horizontal and vertical
angles and their interactions are important in determining the response

of prepupae to upstanding objects.

8.1.3 Light and Temperature

Most of the studies on wandering have been concerned with the
reactions to light, particularly polarized light. These have mainly been

on larvae, not on prepupae e.g. Wellington (1948, 1955), Wellington et al.



TABLE 8.1 Response of prepupae to upstanding objects at
different distances.
Size (cm) % Response at
Object width height 1 metre 60 cm. 30 cm.
XL 1 30 100 87 100 100
2 20 100 20 80 100
3 10 100 0] 73 93
4 5 100 0 60 67
5 2.5 100 0 0 0
L 1 30 70 0 100 100
2 20 70 0 100 100
3 10 70 0 53 100
4 5 70 0 47 87
5 2.5 70 0 0 0
M 1 30 50 0 100 100
2 20 50 0 67 100
3 10 50 0 80 53
4 5 50 0 27 47
5 2.5 50 0 0 0
s 1 30 30 0 100 100
2 20 30 0 60 100
3 10 30 0 20 80
4 5 30 0 7 80
5 2.5 30 0 0 0
Xs 1 30 10 0 0 93
2 20 10 0 0 13
3 10 10 0 0 40
4 5 10 0 0 7
5 2.5 10 0 0 0




TABLE 8.2 % Response of prepupae to the angles subtended
by upstanding objects.
Horizontal Subtended Angle
1.4 2.4 5 6 10°] 11 16 19 28 37 53
6 0 0] 0 0
10 0 0 0 0 0
17 0 0 0 0]
18 0 7 40 13 93
9 27 0 0 7 0 20 0 0 60 100
o
& 35 0 0 o| o
pi
"g 40 0 27 80 67 100
Q
P
9 45 0 0 0 80 20 87 80 100 100
5
= 49 0 47 53; 100 100
0
) 0 60 73 80 100 100 100
m 59 0 47 53
>
67 0 87 100 100 100
73 0 67 93 100 100
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(1951) and Sullivan & Wellington (1953).

The response of prepupae to polarized light was not investigated
in this study. However an attempt was made to study the reactions of
prepupae in the wandering phase to temperature and sunlight.

Larvae were placed on a large flat concrete area, in bright sun-
light, in mid-afternoon, and their direction of travel noted. They were
each given 10 trials i.e. were placed in the middle of the area on a
large sheet of paper and when they reached the edge of the paper they
were replaced in the middle for the next trial and so on. Their tracks
were traced on graph paper. The ground temperature was also recorded.

The results showed that in the first few trials each time, the
prepupae walked in the opposite direction to that of the sun. They
walked in approximately straight lines. The trials were carried out in
summer when ground temperatures were between 40 and 44°c. As the number
of trials increased the paths of the prepupae become more and more
erratic with changes of direction every few centimetres. When placed in
the shade, these prepupae immediately stopped walking. Thus the longer
they were in the sun, the hotter they became (prepupae are mainly black

in colour) and the more erratic their wandering became.

8.1.4 Speed and Distance

Several trials were conducted in the field to determine the speed
at which prepupae travel. Individual prepupae were tracked over periods
of up to 1 hour and the distance travelled in each 5 minute period
recorded. The results showed that the mean speed was 0.64 m/minute
(range for 10 individuals, 0.25-1.53 m/min.).

In the laboratory prepupae wander for approximately 2 days (at
25°C) before pupating. They do not walk continuously nor are they active

at night. Thus in this time they could travel as far as 0.9 km.
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8.2 Influence of Temperature on Rate of Development

The effect of temperature on the rate of development of eggs and
larvae was studied in the laboratory. Within 24 hours of being laid,
eggs were placed on moist filter paper in petri dishes and transferred
to either 10, 15, 20, 25, 27, 30 or 35°C. The resulting larvae remained
at these temperatures through to their emergence as adults. Development
was noted daily. Table 8.3 shows the mean duration of each stage at
the various temperatures. At 10°¢ and 350C all eggs developed but failed
to hatch. Larvae placed at 10o and 350C failed to survive beyond the
first instar.

The rate of development, (as measured by the reciprocal of the
duration of development), when plotted against time, may be approximated
by a straight line. Davidson (1942) stated that the rate approximates
a straight line only over a restricted median range of temperatures
within which development occurs. He proposed (Davidson, 1944), that a
better approximation was a sigmoid curve. However Varley et al. (1973)
found that it was simpler and accurate enough (for their purposes) to
fit a straight line to the graph of rate of development against
temperature. If this line is extrapolated, the point at which it cuts
the temperature axis gives an approximation of the threshold temperature
for development.

Figure 8.2 shows the rate of development/day (as a percentage)
for each stage at different temperatures. Straight lines and curves
were fitted to the data. However as Andrewartha (1970) stated, the
concept of the point where the straight line cuts the temperature axis
as the threshold of development is unrealistic. The inappropriatness of
fitting a straight line to the data and estimating the threshold of

development from extrapolation of this is well demonstrated by Figure 8.2



TABLE 8.3

Duration of development for eggs and larvae

at different temperatures.

Duration of development (days)

o Instar Larval
Temp. C Egg 1 2 3 4 5 6 | Total
10 - 26.7 - = “~ = - -
15 13.5 é.z 6.9 |5.8 |12.6 |[13.0 15.1 | 6l.6
20 7.5 5.2 5.4 | 4.5 5.1 7.4 8.9 36.5
25 5.0 2.0 3.0 |2.9 2.2 4.6 5.1 | 19.8
27 - 2.0 2.9 2.8 2.2 3.2 5.4 | 18.5
30 4.0 2.4 |(2.8 |1.9 2.1 3.5 5.7 | 18.4
35 - 3.0 - = - - - -




Figure 8.2 Percentage development/day of eggs and

larvae at various temperatures.



30+

20~

40

30+

20

/

L7
o
1

Development
'Y
')
1

(7]
o
[]

OIO
N
[+
1

-
o
[

o
(]

30"

2nd

4th instar

6th

50—

40
1st instar

+ 50

instar 40~ 3rd instar

30~

20-

30~
5th instar

20 =

10= @

[ =

instar

Temperature (°C)



82.

(lst instar). If the straight line fitted is extended it cuts the
temperature axis at approximately 12.6%c. It is usually assumed that
all development ceases at temperatures lower than this. But some larvae
at 10°C survived through the first instar. They developed very slowly
(mean duration = 26.7 days) but development did proceed. When the
threshold of development is calculated (see below) it is found to be
8.8°C. Thus this is a better estimate of the temperature at which
development really stops.

The threshold of development can be calculated using the formula

dt - DT

K==3-7

(Matteson & Decker, 1965), where K = threshold of development, t and T =
constant temperatures within the optimum range of development and d and
D = the respective durations of the stage at the constant temperatures
t and T. This formula has been used by several workers e.g. Dumbleton
(1939) , and Muggeridge (1942). The threshold of development for each
stage as calculated by this formula is given in Table 8.4.

A more realistic way of examining the effect of temperature on
the rate of development is to look at it in terms of the number of
'day-degrees' necessary for the completion of each stage of development.
A day-degree is defined as a unit of one degree operating for one day.
For example, at 30°C development in the egg stage takes 4 days. The
threshold of development for eggs was calculated to be 8.68 (Table 8.4).
Thus at 30°C there are 21.32 degrees/day above this threshold. Since
development at this temperature takes 4 days, there are 4 x 21.32 =
85.28 day-degrees needed for egg development. The numbers of day-
degrees necessary for development at each stage are given in Table 8.5.
Once the number of day-degrees necessary for development has been

calculated, the theoretical durations of development can be estimated



TABLE 8.4 Thresholds of development as calculated by the
formula of Matteson & Decker (1965) for each

developmental stage.

Stage Calculated threshold
of development
egg 8.68
1st instar 8.79
2nd " 4.76
3rd " 7.69
4th b 12.00
5th " 9.47
6th " 5.90
Total (larval) 8.61




TABLE 8.5 The number of day-degrees necessary to complete

development at each stage.

No. of day-degrees
Stage necessary to complete
development
egg 85.28
1st instar 50.90
2nd " 70.67
3ra " 42,39
4th " 37.80
5th " 71.86
éth " 137.37
Total 410.99
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for other temperatures. These are given in Table 8.6. There was good
agreement between calculated and observed durations of development
(Table 8.3) in most cases.

In general the rate of development increases with increase in
temperature up to approximately 27°C and then decreases. The optimum
range of temperature for development is from 15 to 27°c. Larvae and
pupae are able to survive outside this range but survival is reduced.

In natural situations the temperature fluctuates well outside this
range but is not constant for long periods and so the ability to survive
is greater than it would appear from constant temperature experiments.

Eggs will develop at 10° and 35°C but hatching does not occur at
either temperature. Thus the range of temperatures within which hatching
occurs is narrower than for general development.

The durations of development for different stages were used to
estimate the number of generations per season at Langhorne Creek and
in Adelaide. The thresholds of development for eggs, larvae and pupae
were calculated using the formula given above. They are shown in
Table 8.7 together with the number of day-degrees necessary for
development. The overall threshold of development (i.e. from egg to
adult) was taken as 10.1°% (the mean of egg, larval and pupal figures).
The mean monthly temperatures from September to April and the number
of day-degrees available for development above the threshold temperature,
at Langhorne Creek and in Adelaide are given in Table 8.8.

At Langhorne Creek the total number of day-degrees available for
development per season 1is approximately 1744.7. The number of day-
degrees necessary for development from egg to adult (from Table 8.7) is
817.4. Thus the expected number of generations at Langhorne Creek is
1744.7/817.4 = 2.1. 1In Adelaide the number of day-degrees available

is 2262.7 and thus the expected number of generations in Adelaide is 2.8.



TABLE 8.6 Calculated duration of development for eggs and

larvae at different temperatures.

Duration of development (in days) Larval
Temperature Egg 1 2 3 4 5 6 Total
10 - 42,1 - = - - - =
15 13.5 8.2 6.9 5.8 12.6 13.0 15.1 |[61.6
20 7.5 4.5 4.6 3.4 4.7 6.8 9.7 34.6
25 5.3 3.1 3.5 2.5 2.9 4.6 7.2 24.0
27 - 2.8 3.2 2.4 2,5 4.1 6.5 21.4
30%* - - - - - - - -
35 - 1.9 - - - - - -

* Figures for 30°C not included as these were used

to calculate the day-degrees.



TABLE 8.7 Calculated thresholds of development and the number
of day-degrees necessary for development.
Seaae Threshold No. day-degrees
of necessary
development for development
eggs 8.7 85.3
larvae 8.6 411.0
pupae 13.1 321.1
Total 817.4
TABLE 8.8 Mean temperatures and number of day-degrees
available for development each month.
Month Langhorne Creek Adelaide
Mean no. day-degrees Mean no. day degrees
temp. available temp. available
September 11.7 48.0 14.0 117.0
October 14.6 139.5 16.5 198.4
November 15.1 150.0 19.1 270.0
December 18.2 251.1 21.4 350.3
January 21.9 365.8 23.0 399.9
February 19.7 268.8 23.0 361.2
March 21.1 341.0 21.0 337.9
April 16.1 180.0 17.7 228.0
TOTAL 1744.2 2262.7




These estimates for the number of generations per season agree
with the observations made in Chapter 2 that at Langhorne Creek there
were only 2 generations while in Adelaide there was a partial third

generation.

8.3 DiaBause

84.

Phalaenoides glycine has a facultative diapause in the pupal stage

which carries it over the winter period when the vines are not in leaf.
One publication by an anonymous author (Znon., 1966) refers to the egg
as being the overwintering stage but this is incorrect.

Diapause usually occurs only the second (or third) generation

i.e. the last generation before winter. However it has been known to

occur in the first (or spring) generation also. Monro (1957) found that,

in 1955 and 1956, a proportion of first generation larvae collected in
the field, (and brought back to the laboratory and reared at 25°C),
entered diapause. He concluded that spring diapause was correlated
with cold weather. In this study no first generation larvae collected
in the field went into diapause.

Diapause in Phalaenoides glycine is wvery variable (see later).

Monro (1957) classified P. glycine pupae as having been in diapause if
they took longer than 30 days to develop into adults. The same

classification was used in this study.

8.3.1 Induction of Diapause

Monro (1957) states that the onset of diapause in Phalaencides

glycine is probably connected with low temperatures. He also thought
that daylength may be important although it might be masked by the

influence of temperature (i.e. Phalaenoides glycine is a typical

"long-day" species - see Lees, 1955; Beck, 1968). Daylength and
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temperature have been found to be important in diapause induction in

many species e.g. Grapholitha molesta (Oriental Fruit moth) (Dickson,

1949). Bursell (1970), Lees (1955) and de Wilde (1969) regard day-
length as the most important factor because they say that unlike
temperature, photoperiod varies predictably with the seasons.

To test the influence of photoperiod on the induction of diapause
in P. glycine, larvae were reared at 25°C on young vine leaves at

several different photoperiods:

24 hours light, 0 hours dark
16 B N 8 " =
12 " " 12 " "
8 " " 16 " "
o " ) 24 " "

However none of the resulting pupae entered a diapause state i.e. all
emerged within 30 days of pupating.

The effect of temperature on the induction of diapause was also
investigated. Larvae were reared on fresh vine leaves, in a photo-
period of 16 hours light : 8 hours dark, at 12°, 15°, 20°, 25°, 27° and
30°. Below 12°C development was very slow and none of the larvae
survived to pupation. Results showed that no pupae entered diapause
at temperatures of 25°¢C or higher. At 20°C, 7 out of 20 (35%) pupae
entered diapause while at 15°C and 12°% all pupae entered diapause.

The induction of diapause may also be influenced by food
(Andrewartha, 1952; Lees, 1956; Prokopy, 1968; de Wilde, 1969).

Andrewartha et al. (1974) suspected that the onset of diapause in

Phalaenoides glycine might be influenced by the quality of food, (spring

leaves are young and succulent while autumn leaves are mature and

fibrous).
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They were unable to test their hypothesis because they could not
produce spring foliage in autumn and spring larvae fed on mature leaves
all died from disease. In the present study grape vines were grown
from cuttings in pots in glasshouse conditions. These could be planted
so as to produce foliage at any time of the year. Thus autumn foliage
could be obtained in spring and spring foliage in autumn.

An experiment was conducted to determine the influence of food
on the induction of diapause. Larvae were kept at approximately 25°¢
and a photoperiod of 16 hours light : 8 hours dark. They were fed
either new spring foliage or mature autumn foliage. However none of
the resulting pupae entered diapause.

Thus in this study food and light alone were not factors that
influenced the induction of diapause. Temperature was an important
factor. However it should be realized that the above factors do not
act independently of one another. Food and light may, in combination
with temperature, reinforce the stimulus to enter diapause. It was
not possible to carry out more complex experiments to investigate such
combinations.

Andrewartha et al. (1974) stated that diapause in Phalaenoides

glycine is caused by a hormone secreted by the suboesophageal ganglion.
They suggested that the intensity of diapause may depend on the
concentration of this hormone and that the amount of hormone present
depends on the temperature and light regime experienced in the larval

stages.

8.3.2 Stage of Induction of Diapause

Factors which influence the onset of diapause, such as light,
temperature and food, often influence the onset long before diapause

actually occurs. Lees (1955) states that the period when the developing
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insect is most responsive to diapause stimuli is characteristic of the
species. He states that this period of sensitivity may or may not
extend over several instars.

An experiment was conducted in the laboratory to investigate the

stage or stages during which Phalaenoides glycine larvae are sensitive

to diapause stimuli. Larvae were reared at 25°C and a photoperiod of

16 hours light : 8 hours dark. They were exposed to diapause conditions
in either the 1lst, 2nd, 3rd, 4th, 5th or 6th instars. Unfortunately

all the larvae died due to disease before pupation occurred. However
larvae of different ages were collected throughout the 1975-76 second
generation at Langhorne Creek, brought back to the laboratory and reared
through to adults under the temperature and light conditions mentioned
above. Results showed that larvae collected in the field as early as

the third instar entered diapause. None of the larvae collected in first

and second instars survived through to pupation.

8.3.3 Proportion of the Population Entering Diapause

Both Andrewartha et al. (1974) and Monro (1957) found that in

Phalaenoides glycine the incidence of diapause increased towards autumn.

No larvae were collected in the first generations but during the
1975-76 second generation larvae were collected at weekly intervals
in the field (20 larvae/week). They were brought back to the laboratory
and reared at 25°C and a photoperiod of 16 hours light : 8 hours dark.
The number of larvae that subsequently entered diapause was noted
(Figure 8.3). By the end of the second generation, all larvae collected
entered diapause. From the 26/2/76 to 11/3/76 there was a steady
increase in the number of individuals entering diapause. From 11/3/76
to 18/3/76 the number entering diapause decreased, to rise again later.

This decrease coincided with a peak in temperature in the preceeding



Figure 8.3 Percentage of pupae entering diapause in
the second generation 1975-76. Maximum

and minimum temperatures are also given.
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weeks (Figure 8.3).

8.3.4 Intensity of Diapause

The duration of diapause may be used as a measure of the intensity

of diapause (Andrewartha, 1952). In Phalaenoides glycine the duration

of the pupal stage is variable. Some pupae spend as little as 15 days
(at 25°C) in pupation and others well over 100 days. In the field in
emergence traps a few individuals that pupated at the end of the first
generation in the 1973-74 season, did not emerge until the beginning of
the first generation the following season (1974-75).

Monro (1957), in 1954-55, collected 6th instar larvae from the
field and kept them at 25°C until they emerged as adults. He recorded
the duration of the pupal stage. He regarded pupae that took longer
than 30 days to develop into adults as having been in diapause. He
found that some pupae developed with no diapause while others had a
very definite diapause (and many were intermediate between these extremes).

The present study confirmed that the duration of the pupal stage
is very variable. Field collected larvae were brought back to the
laboratory and kept at 25°c. The length of the pupal stage was noted
for each larva. Results are given in Table 8.9. These confirm Monro's
conclusion that there was a continuous gradation between the non-
diapause and diapause states and that some pupae appeared to be in a
state of gquiescence rather than diapause.

Andrewartha et al. (1974) states that Phalaenoides glycine pupae

that are not intensely in diapause will eventually complete development
without being exposed to cold. This was also confirmed in the present
study. In the field some moths were found to emerge in mid-winter

(when there was no food and temperatures were low). This also indicates

that some pupae are in a state of quiescence.



TABLE 8.9

Intensity of diapause as measured by the

duration of pupation. (Pupae that took more

than 30 days to develop to adults were classified

as having been in diapause).

No. days in No. of
pupation pupae

<20 3
20-30 11
31-40 5
41-50 1
51-60 3
61-70 3
>100 25
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Andrewartha et al. (1974) also found that wounding tends to

intensify diapause if the diapause already exists.

8.3.5 Rate of Development of Diapause Larvae

The rate of development of larvae that were destined to diapause
in the pupal stage was compared with the rate of development of larvae
that did not enter pupal diapause. To induce diapause, larvae were
kept at low temperatures and short daylengths for the first 3 instars.
In the 4th instar they were placed at 25°C and a photoperiod of 16 hours
light : 8 hours dark. ©Non-diapause larvae were kept in these conditions
throughout their larval life. Development was recorded daily. Results
are given in Table 8.10. There were no significant differences between
the rate of development in the larval stage of diapausing and non-

diapausing individuals.



TABLE 8.10 Rate of development of larvae destined to
diapause in the pupal stage and those destined

to develop without diapause.

Mean no. days in Mean rate of
Instar instar Non. development Non
Diapause Diapause Diapause Diapause
4 7.5 5.5 0.13 0.18
5 7.0 6.6 0.14 0.15
6 10.1 10.2 0.10 0.10
Prepupa 6.5 6.5 0.15 0.15
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CHAPTER 9

DISCUSSION
The main theme of this thesis was a study of the basic biology

of Phalaenoides glycine, the factors that influence its population

dynamics and the relationships between P. glycine and the environment.
P. glycine has not previously been studied in detail.

A characteristic of P. glycine populations is that population
numbers were always much lower in the first generation each season
than in the second generation. Numbers fluctuated from season to season
and the numbers in the first generation reflected those of the previous
second generation e.g. a large second generation in 1973-74 was
followed by a relatively large first generation the following season
(1974-75) even though the numbers were much lower in the first generation.
(In this study moths that emerged from overwintering pupae were termed
'first generation' moths, while moths that emeréed in Janvary and
February were termed 'second generation' moths).

There are several explanations as to why numbers in the first
generations were always much lower than in the second generations.
Emergence trap data (Chapter 8) showed that some second generation pupae
(which overwinter in diapause) did not emerge the following spring
(first generation) but remained in diapause until the following second
generation, in autumn, i.e. they remained in diapause for at least a
year. This confirms Monro's (1957) findings that some pupae remain in
diapause for a year or more.

Larvae were not collected in the first generations so it is not known
if any of these larvae entered diapause but Monro found that some larvae
of the first or spring generation entered diapause. Monro makes no mention

of second generation pupae, (which always diapause), remaining in diapause
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until the following second generation.

The obvious conclusion to reach if the first generation is always
much smaller than the second generation is that there is a large amount of
mortality over winter. But results showed that in the laboratory pupae
survived at 10°C for well over 100 days, so prolonged cold has little
effect on the survival of pupae. Results also showed that the death-rate
due to the flooding of the vineyards in winter was low.

The rate of parasitism was generally high (Chapter 6) in the
second generation but because larvae were not collected in the first
generations, no figures for rates of parasitism in this generation are
available. Therefore it is not known if there is more parasitism in the
first generation than in the second generation.

Predation by Oechalia schellenbergii is an important factor influencing

population numbers but results of population studies on these bugs indicate
that bug population numbers followed more or less the same trends as larval
population numbers and did not account for the consistent difference in
numbers between first and second generations. For example in the second
generation in 1973-74 (see Table 9.1), bug numbers were low. If predation
was the factor causing the difference in numbers in first and second
generations, then the first generation in 1974-75 would be expected to be
large; however numbers were very low (lower than at any time during the
study). So predation is not the cause of low numbers in the first
generation each season.

It is not known what proportion of pupae remain in diapause from one
second generation to the next in the field, but, if the amount of
parasitism is similar in both generations, this is the most likely cause of
the differences in numbers between first and second generations.

Within each generation, population numbers fluctuated from year to

year. For example, numbers in the second generation in 1974-75 were much



TABLE 9.1

fluctuations.

Summary of larval and bug population

(mean nos. given in brackets).

Season Larval Bug
numbers numbers
1972-73
Gen.(Z) very high -
1973-74
R, small (0.33) high (1.18)

¢ (@

small (2.80)

small (0.74)

1974-75
c®
c®

small (0.29)
very large (14.65)

small (O)
large (2.81)

1975-76

¢ ©
s @

small but larger
than previous 1lst
gen. (0.59)

large but smaller
than previous 2nd
gen. (7.96)

small (0.64)

large (1.92)
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higher than in either 1973-74 or 1975-76. Several factors influenced
these changes, the main ones being parasites, predators and weather
conditions.

It was shown in Chapter 6 there were enough bugs present in the
vineyard in both lst and 2nd generations to completely destroy the larval
population. But this did not happen because the peaks of the two
populations occurred at different times. The generation time for the two
species was also different - approximately 4 weeks for P. glycine and
2-3 weeks for the bugs. Bug numbers began building up when larval
numbers were at a peak and by the time bug numbers had reached a peak,
the larvae had almost disappeared. Bugs also feed on other species and

when numbers of Phalaenoides glycine become low, bugs will feed either on

other more abundant species in the vineyard or move to other areas.
Several other studies have revealed that when prey population numbers are
low, predators may feed on other prey species or move out of the area.

Dixon (1959) found with Adalia decempunctata (a predatory coccinellid beetle)

that adults tended to leave an area when the return for the amount of
effort expended in catching prey reached a certain critical level.
Errington (1946) spoke of "compensatory" predation, in which predators
consume prey provided the density of the prey species exceeds a certain
threshold. He claimed that this threshold was largely determined by the
ability of the prey to get away from predators by hiding in niches in-
accessable to the predators. Huffaker and Kennett (1956) thoughtthis
idea of secure habitats was debatable and suggested that all populations
have certain low levels of density which represent security from predation.
This security may merely be the unlikelihood of an encounter between
predator and prey as the numbers of prey become lower and lower. Thus as
the P. glycine larval population declines the chances of being found by a

bug decrease and the population survives.
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Oaten & Murdoch (1975) studied the situation of a single predator
hunting two prey species. A switching mechanism occurs in this situation
if the predator's preference for one or other cf the prey species is
affected by past experiences. For example, as one particular prey species
decreases in number the chances of a member of that species being eaten
previously, (i.e. in the last meal of the predator), decrease and
therefore at the next meal the predator is more likely to choose the more
abundant species as prey. Thus switching (Murdoch, 1969) means that the
predator attacks the prey species in response to prey frequency, concen-
trating on the more abundant prey. This ensures the survival of the species
when numbers are low.

So the concept of a certain lower limit to population numbers below
which the chances of a larva of P. glycine being found by a bug, together
with the fact that bugs will feed on other species, ensures the survival
of P. glycine.

As mentioned earlier bug population numbers usually followed a
similar pattern to those of the caterpillars (see Chapter 6 and Table 9.1).
However on some occasions large numbers of bugs were not followed by a
small nurber of caterpillars the following generation. This is because
bug numbers usually reached a peak after caterpillars had disappeared
(pupated) and were therefore not available as food. [i.e. the prey species
decreased as the predator species increased and vice versa. Volterra
called this the "law of the periodic cycle" (Andrewartha & Birch, 1954)].
The earlier in the season the bugs are present, the more effective they will
be in reducing larval population numbers.

Thus Oechalia schellenbergii has a profound effect on the population

numbers of P. glycine. There is much scope for further detailed study of
the interactions between this predator and P. glycine.

Tachinid flies also cause considerable mortality to the larval stages
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of P. glycine (see Chapter 6). This mortality does not have an effect on
the numbers of P. glycine until the following generation because
parasitized larvae are not killed until they stop feeding and construct a
pupal cell.

Weather conditions act to regulate population numbers also, in
particular wind and temperature. If winds are stronger than approximately
12 km/hour, moths do not fly and this in turn affects population numbers
because if flight ceases, oviposition ceases.

Wind also influences the places in which the eggs are laid. 1In
Chapter 5 it was shown that moths "prefer" to oviposit in sheltered areas.
This behaviour on the part of the female moth increases the chances of the
egg surviving the effects of adverse weather conditions, such as rain
and wind, which could wash or blow eggs or young larvae off the vines,
(also, because the eggs are laid on the undersides of the leaves, they are
sheltered from direct sunlight which, if too hot, would kill them (fertile
eggs are dark brown and thus absorb heat very quickly)). Therefore wind
is an important factor influencing changes in population numbers.

Temperature also influences population numbers. Laboratory studies
showed that the optimum temperature for oviposition was about 25%. at
temperatures lower and higher than this oviposition was reduced. Thus as
temperatures fluctuate throughout the season, so does the rate of ovi-
position and in cold or very hot weather, oviposition is reduced and there-
fore population numbers are reduced.

The survival of eggs and larvae is also affected by temperature.
There is a decrease in survival at very high and very low temperatures,
the optimum temperature for larval development being 25—27°C. At lower
temperatures (15 ox 200C) survival is high but the duration of development

is much longer (Chapter 8) and so larvae are present for longer periods in
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the vineyard, thereby increasing the chances of death by predation or
parasitism.

Temperature also influences the number of pupae entering diapause.
Lower temperatures result in a greater proportion of pupae entering
diapause and this affects the numbers emerging in the following generation.

So, temperature influences population numbers by influencing survival
and rate of development of eggs, larvae and pupae and the oviposition rate
of female moths. Other causes of death are not considered important in
the population dynamics of P. glycine. They are discussed in Chapter 6.

Thus there are four main factors that affect population numbers;

predation by O. schellenbergii, parasitism by Tachinid flies, wind and

temperature. P. glycine has an almost unlimited food supply but population
numbers are so low that very little of this resource is utilized. This is
because P. glycine is kept well in control by a combination of these four
factors, particularly by predators and parasites. Therefore they do not
expand in numbers to the stage where their food supply is limiting.

In Chapter 3, the distribution of larvae and eggs in the vineyard
in the second generations was shown to be aggregated. However there was
no evidence to suggest that the distribution was aggregated in the first
generations when population numbers were very low, i.e. the distribution
in the first generations did not differ from a random distribution.

There are several explanations for this change or apparent change in
distribution from the first to the second generation each season.

The distributions may be similar but appear to be different only
because of the very low numbers present in the first generation. Such
an apparent change in distribution has been observed in many other insects

e.g. in Pieris rapae (Harcourt, 1961).

In Chapter 5, results showed that more eggs were laid on trailing
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canes than on non-trailing canes and therefore vines with trailing canes
had more eggs than other vines. It was also shown that vines sheltered
from the prevailing winds and rain had more eggs. These findings led to
the conclusion that female moths do not lay eggs at random but actively
"choose" oviposition sites, laying more eggs in sheltered sites close to
the ground. Therefore the behaviour of the female moth plays a part in
determining the distribution of eggs and larvae in the vineyard.

It was expected that the vines with trailing canes would be more
heavily damaged than other vines. The distribution of trailing canes in
the vineyard is shown in Figure 9.1. BAnalysis, using Morisita's Index
to measure the dispersion, showed that vines with trailing canes are
distributed more or less evenly (Table 9.2). However the distribution of
trailing canes was examined at the end of the season and by this time
vine growth had reached its maximum extent. Earlier in the season, when
moths were flying and ovipositing, vine growth would be less and thus may
have been patchy. Also vine growth was mapped in the season following that
of vine damage (it was not possible to examine both vine damage and vine
growth in the gsame season). No conclusions could be drawn from the data
available but it is likely that vine growth does influence the choice of
oviposition site, which in turn influences the distribution of larvae
(and damage), by providing shelter on those days in the season when
oviposition occurs only in sheltered sites.

Vine growth, however, is likely to influence oviposition only in
the second generations because in the first generations all the vines are
just bursting into leaf and they do not grow sufficiently during the first
generation to provide sheltered sites and trailing canes. Consequently in
the first generation female moths may lay at random because they do not

have a choice of oviposition sites. This would lead to a random distribution



Figure 9.1 Map of vine growth (e) and damage (m).

one e = % vine with trailing canes
two e's = 1 " " " "
three e's = 3/4 u " " "
four e's = whole " " " "

See Figure 3.2 for explanation of damage

ratings.
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TABLE 9.2 Morisita's Index for the distribution of
trailing vines in the vineyard.
[F (variance ratio) (5% probability)

=63,n = G

for n 2

1
is approximately 1.0]

Row IG Fo
1 0.91 0.86
2 0.65 0.38
3 0.67 0.36
4 0.68 0.47
5 0.70 0.49
6 0.72 0.52
7 0.72 0.57
8 0.75 0.68
9 0.71 0.64

10 0.71 0.63
11 0.72 0.62
12 0.64 0.60
13 1.09 1.05
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of eggs in the first generation.

Weather also plays a part in influencing the distribution. Windy
conditions either stop moths flying or cause them to seek sheltered sites
as described above.

Figure 3.2 shows that in the second generation in 1973-74 not only
were there vines that were completely defoliated in the vineyard, but
almost all vines had some damage even if only a few chewed leaves. Similar
damage occurred in other season. Therefore almost every vine had larvae
present on it in the 2nd generation. This can also be explained in terms
of the behaviour of the female moth. The presence of a larva or larvae
on almost every vine occurs because on calm days with no wind, shelter
does not influence the oviposition site and on such days, moths lay at
random in the vineyard. Wind speed records for the flight seasons at
Langhorne Creek show that there are approximately 5 days/month with no
wind, during which time moths may oviposit anywhere, and approximately
20 days which are too windy for flight, and therefore oviposition. This
leaves approximately 5 days/month when the wind is not strong enough to
prevent activity, but is strong enough to cause the moths to seek sheltered
oviposition sites. Though even on days that are too windy for flight,
there are periods when flight can occur. Moth behaviour in windy conditions
probably accounts for the patches of vines with large numbers of larvae, so
overall the distribution pattern would be aggregated even though there
were larvae on most vines.

So the distribution of Phalaenoides glycine eggs and larvae is

determined by the behaviour of the female moth which in turn is influenced
by weather conditions and the growth of the vines. The behaviour of the
female moth can also account for the apparently random distribution in

the first generations and the aggregated distribution in the 2nd generations
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(though this may be a statistical accident of differences in population
numbers) .

P. glycine is a native insect that has become a pest on introduced
grape vines. Early literature mentioned P. glycine as feeding on native
plants in the eastern states of Australia. After the introduction of vines
into Australia, P. glycine spread to them and was found wherever grape
vines were grown. Much work has been done on introduced species becoming

pests, [e.g. the European corn borer, Ostrinia nubilalis, (Univ. Missouri

Bull, 1961); the gypsy moth, Porthetria dispar (Bess, 1961); the pea

moth Laspeyresia nigrxicana (Wright & Geering, 1948); the manuka scale,

Eriococcus orariensis, (Cumber, 1961) and the codling moth, Cydia pomonella

(Geier, 1963, 1964)], and on native species that are pests on introduced
plants (see below), but no work has been done on the actual switching over
of a native species from native to introduced foodplants.

Perhaps the most well known example of a native insect that is a
pest on introduced plants is the Light Brown Apple Moth, Epiphyas
Eostvittana, native to Australia. Its natural hosts are native
evergreens but it has become a pest on apple, grape, lemon and other
fruit crops. It still occurs on its native hosts to which it returns in
winter when hosts such as apple shed their leaves. It was introduced
into New Zealand where it has also become a pest (MacLellan, 1973).

Goeden (1975) describes a cerambycid, Ipochus fasciatus, previously

known to exist on native host plants in southern California, as adopting

the recently introduced milk thistle, Silybum marianum, as a foodplant.

He states that this represents a radical departure from the normal host-

plant range of Ipochus fasciatus. (The adaptation of I. fasciatus to

S. marianum however is not complete. Larvae are unable to complete

development to the adult stage because they become trapped in the flower-
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heads). Goeden states that this is perhaps a transitional stage in the
process of adaptation to a new food niche. This is a similar situation

to that of Phalaenoides glycine adapting to grape vines.

Bnother example is that given by Wheeler (1975) who found several
plant feeding insects breeding on the introduced ginkgo tree, Ginkgo

biloba. Hall (1974) reported that a native foodplant of Papilio canopus

canopus had been found. Thus this species must also have spread to an
introduced species, Citrus.

Gupta (1974) found that Bemisia gossypiperda survived on Justicia

betonica, a non-host plant, if its normal host~plants were not available.
He thought this was due to the chemical nature, texture and micro-
climatic conditions of the leaves of J. betonica. A similar situation
may exist in P. glycine. Grape vines may well contain chemical substances
similar to those in its native foodplants, but no information is
available on this.

No native populations of P. glycine were found in S. Aust. in this
study. But the only native foodplants that grow in S. Australia are
Hibbertia sp. (H. sericea and H. stricta) and these are different species
from those that grow in Eastern Australia (although they do grow in parts
of the south-east). P. glycine larvae would feed on the S. Australian
species of Hibbertia but none survived. They did survive however on H.
scandens, a native of New South Wales, which is often grown in gardens in
South Australia. Larvae were found naturally occurring on this species in
South Australia. Thus native populations of P. glycine may still occur in
eastexrn Australia where H. scandens is found.

It was also noted that larvae were not found on H. scandens in
South Australia when this was growing beside vines. Experiments showed
that moths which were reared in their larval stages on vine leaves

preferred to oviposit on vine leaves. Unfortunately it is not known if
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moths reared on Hibbertia prefer to oviposit on Hibbertia, but if they do
then it is likely that there are 2 races of P. glycine - one which feeds
on vines and another which feeds on Hibbertia. However moths that werxe
reared on vines will oviposit on Hibbertia if vines are not available.

Therefore it seems likely that P. glycine is native to the eastern
part of Australia and only spread to other areas with vines. If this is
so, native populations would not be found in the wild in South Australia.
Shields (1974) suggests that variations in plant resistance occur in nature
and that this may account for the discontinuous distribution of species
and explain why a species is absent in an area containing its normal food-
plant.

Jermy et al. (1968) suggested 3 mechanisms that could cause a
transition from feeding on one foodplant to another: (i) olefactory
conditioning of the larval stages, (ii) natural or artificial selection of
forms with different feeding behaviour, (iii) modification of feeding
behaviour by the induction of specific food preferences. These mechanisms
could also interact to produce changes. Examples of (i) are given by
Hovanitz & Chang (1963(b)), of (ii) by Hovanitz & Chang (1962, 1963(a))
and of (iii) by Stride & Straatman (1962). Any of these mechanisms could
operate in P. glycine. For example, P. glycine moths do not always lay
eggs on their foodplant. They sometimes lay on nearby inanimate objects
(Chapter 5). If only one or two of the resulting larvae climbed a nearby
grape vine then, assuming vines contain some substance that stimulates
feeding, (Thorsteinson, 1960), these larvae would feed and survive. If
as adults they then "prefer" to lay eggs on vines, a new strain would develop
on grape vines.

Hovanitz & Chang (1963, a & b) have carried out experiments on the

genetic inheritance of foodplant selection in Pieris rapae. They found
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that selection of genes for food preferences occurred over several
generations when strains were maintained on particular foodplants for
many generations.

Many studies have been done on the ability of larvae to find food
e.g. Dethier (1959(b)). If a larva of P. glycine walked off a native
foodplant (perhaps after defoliating the plant) and by chance came upon
a grape vine, crawled onto it, fed and survived then as above, a new
strain may well develop feeding on grape vines. By whatever mechanism
vine moths came to feed on grape vines, they are now well adapted to the
grape vine cycle, (larvae that fed on Hibbertia still entered diapause
over winter), and are kept under control by natural enemies.

Life history studies showed that in some areas there were three
generations per season while in others there were only 2. Populations
emerged earlier in Adelaide than at Langhorne Creek and similarly bud-
burst was earlier in Adelaide. These differences are thought to be Adue
to temperature differences between the two areas and the same stimuli
probably operate to induce bud-burst and break diapause. Temperatures
in Adelaide over summer are approximately 1-2%¢ higher than at
Langhorne Creek. The rate of development of P. glycine was shown in
Chapter 8 to be very dependent on temperature and thus in Adelaide,
since emergence is earlier and temperatures are higher over summer, there
is time for more generations than at Langhorne Creek.

P. glycine often seemed to be a more serious pest in home gardens,
where it attacks fuchsias and ornamental creepers, than in vineyards.
Certainly the numbers of larvae/vine are much greater in home gardens,
where up to 500 larvae have been collected from one vine. There are
two reasons for this. One is that in home gardens vines are usually

much larger than vines in a vineyard, and are often grown over a verandah
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or carport, thus presenting a very large area to the moths for oviposition.
The second reason is that in home gardens there is usually only one or
two vines and oviposition is concentrated on these vines whereas in a
vineyard there are many more vines on which to oviposit.

It became very apparent during this study that several aspects
of the ecology of P. glycine need further study. 1In particular there is
much scope for work on the interactions between P. glycine and its predator,

O. schellenbergii. Other aspects include the oviposition preferences of

moths and the influence of vine growth on oviposition in the vineyard.
The aim of the study was to provide a broad background knowledge of the

biology of Phalaenoides glycine and the factors that influence its

ecology. (I hope that this has been achieved).
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APPENDIX 1 Observed and expected frequencies for a
Poisson distribution of larvae in the

first generation each season.

1973-74
Date X o(f) E(£)
11/10/73 0 29 28.26
1 2 3.53
2 1 0.22
16/10/73 0 39 37.11
1 0 2.78
2 0 0.10
3 1 l 0.00
23/10/73 0 26 22.55
1 7 12.97
2 6 3.73
x2 0.75
30/10/73 0 21 16.25
1 7 14.62
2 8 6.58
3 1.97
4 1 0.44
8/11/73 0 21 20.35
1 13 13.74
2 4 4.64
3 2 1.04
13/11/73 0 38 37.11
1 1 2,78
>1 1 0.11
20/11/73 0 35 34.43
1 4 5.16
2 1 0.31
29/11/73 0 39 38.99
1 1 0.97
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APPENDIX 1 continued

1974-75
Date x o(f) E(£)
31/10/74 0 15 12.76
1 3 5.74
2 1 1.29
4 1 0.02
19/11/74 0 11 10.45
1 6 6.80
2 2 5p. 211
3 1 0.48
28/11/74 0 15 13.42
1 3 5.37
2 1 1.07
3 1 0.14

1975-76
27/10/75 0 6 5.17
1 2 2.87
3 1 0.15
4/11/75 0 10 7.73
1 6 7.35
2 2 3.49
3 1 1.11
>6 1 0.31
11/11/75 0 10 8.56
1 3 5.35
2 2 1.67
3 1 0.35
18/11/75 0 8 8.61
1 4 2.87
25/11/75 0 11 | 9.70
' 1 3 | 4.85
2 1 | 1.21
3 1 0.20




APPENDIX 2(a)

1973-74

Observed and expected frequencies for a Negative
Binomial distribution of eggs in the second

generation each season.

Date

0(£)

E(f)*

5/2/74

O b W N O

>11

22

o s o B 'S T S RN |

24.64
3.75
2,07
1.42
1.07
0.85
0.69
4.93

12/2/74

o o U1 v H O

>14

25

N 2NN

18.29
4.37
2.61
1.18
0.99
0.64
5.92

21/12/74

w ;b w N = O

>14

14

B = N NN W O

17.29
5.38
3.30
2.36
1.80
1.43
0.81
3.72

1/3/74

*

B W N B O

expectancies <0.5 pooled.

20

U = = N

13.91
4.63
2.97
2.22
1.77
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APPENDIX 2(a) continued

1973-74
Date x o(f) E(f)*
1/3/74 7 2 1.07
8 1 0.93
>17 8 6.46
7/3/74 0] 31 28.19
1 3 5.07
2 1 2.44
4 2 0.90
>5 3 1.40
1974-75
20/2/75 0 7 15.78
2 1 0.41
3 4 0.28
4 1 0.21
>5 7 2.37
27/2/75 0 2 0.57
2 2 0.81
6 1 0.80
8 1 0.73
9 1 0.69
10 2 0.65
12 1 0.57
>13 6 6.01
6/3/75 0 2 0.55
2 2 1.13
3 1 1.23
5 1 1.22
7 3 1.07
9 1 0.88
11 1 0.69
12 1 0.61
>14 4 3.00
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APPENDIX 2(a) continued

1974-75
Date X O (f) E(f)*
13/3/75 0 13 12.11
1 | 1 1.92
3 1 0.45
>4 1 0.68
20/3/75 0 14 11.97
1 ' 0 A - 1.03
2 ] 0.54
>4 2 . ] . . 2.46
1975-76
3/2/76 0 11 10.11
1 2 2.51
3 1 0.73
>3 2 | 1.40
12/2/76 2 1.44
1 0.79
1 0.41
>4 4 4,29
19/2/76 0 2 2.66
1 3 1.46
3 Al 0.87
4 1 0.73
>4 6 5.03
26/2/76 0 2 1.48
1 1 1.85
2 3 1.78
4 1 1.28
5 1 1.02
1S) 2 0.79
7 1 0.60
>11 1 1.65

* expectancies <0.5 pooled unless

impractical in which case expectancies
<0.15 pooled.



APPENDIX 2(a) continued

1975-76
Date X O(£f) E(f)*
4/3/76 0 7 6.72
1 2 1.84
2 1 1.01
>4 2 1.78

*

Expectancies <0.5 grouped

where practical.
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APPENDIX 2(b)

1973-74

Observed and expected frequencies for a Negative
Binomial distribution of larvae in the second

generation each season.

Date

0(£f)

E(£)

5/2/74

w w N = O

17

[ L B |

22.13
5.65
3.17
2.10
6.926

12/2/74

o & w P O

\'4
un

20

N w B,

15.51
6.65
3.00
2.22
1.69
6.70

21/2/74

N OO U W N = O

v
~J

H w N bd H w v O

12

7.87
4.72
3.58
2.90
2.43
2.07
1.79
1.56
13.07

1/3/74

B w N H O

>5

14

12

14.19
5.04
3.25
2.41
1.90

11.65
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APPENDIX 2(b) continued

1973-74
Date x o(f) E(f)
7/3/74 0 18 20.37
1 8 5.84
2 7 3.38
3 1 2.29
4 1 1.66
>7 5 6.46
14/3/74 0 19 18.16
1 7 7.05
2 6 4,21
3 1 2.81
>4 7 5.81
21/4/74 0 28 28.44
6 4,99
2 2 2.39
>2 4 4,18
1974-75
20/2/75 0] 3 1.92
1 2 2.55
2 2 2,61
4 4 2.10
5 4 1.77
6 1 1.45
10 2 0.58
>12 2 1.79
27/2/75 <3 3 1.85
1 0.52
6 1 0.54
10 1 0.55
13 1 0.51
>20 9 9.30




APPENDIX 2(b) continued

1974-75
Date x o(f) E(f)
6/3/75 <8 4 2.83
11 2 0.53
13 1 0.53
15 1 0.51
>21 8 92.01
13/3/75 3 1 1.25
8 1 0.66
9 1 0.71
12 2 0.77
13 2 0.76
14 1 0.75
15 1 0.72
17 2 0.66
18 1 0.62
>19 4 4.17
20/3/75 0 1 2.36
1 1 1.22
2 1 0.91
5 3 0.56
>7 10 9.07
27/3/75 4 1 0.98
6 1 0.50
7 1 0.61
8 1 0.71
10 1 0.84
12 1 0.89
16 2 0.80
17 1 0.75
18 1 0.69
19 1 0.63
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APPENDIX 2(b) continued

1974-75
Date x o (f) E(£)
27/3/75 20 2 0.57
21 1 0.52
>21 2 3.26
10/4/75 0 2 1.14
1 2 2.02
2 3 2.38
4 2 2,03
6 3 1.29
7 1 0.96
8 1 0.70
9 2 0.50
1975-76
12/2/76 2 1.99
2 1.13
3 1 0.64
>5 3 2.90
19/2/76 0] 1 2.06
1 2 1.21
2 1 0.93
3 2 0.77
5 1 0.58
>9 6 6.25
26/2/76 2 1 0.57
4 1 0.43
6 1 0.36
8 1 0.31
11 1 0.26
>11 7 6.46
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APPENDIX 2(b) continued

1975-76
Date x o(f) E(f)
4/3/76 1 1 1.18
2 3 1.03
3 1 0.91
4 2 0.80
6 1 0.64
8 1 0.51
>17 3 4,28
11/3/76 0 i 1.79
1 3 1.09
2 1 0.85
>7 7 6.43
18/3/76 2 2 0.61
4 1 0.86
5 2 0.91
7 1 0.89
8 1 0.83
12 1 0.55
>13 4 2,99
25/3/76 0] 1 1.37
1 2 1.58
2 2 1.52
3 1 1.36
4 1 1.16
5 1 0.98
6 1 0.81
>8 3 2.03




APPENDIX 2(c)

Generation 1 1973-74
Date x O(f) E(£)
16/10/73 0 39 38. 39
1 0 0.95
2 0 0.33
>2 1 0.32
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APPENDIX 3 Probit analysis to find LD, at 35%

(see Section 6.4.2)

b4 n r P Emp. prob.
1 10 0 0 =
2 10 0 0 =
3 10 0 0 =
4 10 2 0.2 4.16
5 10 6 0.6 5.25
6 10 8 0.8 5.84
7 10 10 1.0 8.72
8 10 10 1.0 8.72

x = duration of exposure

n = number of larvae exposed

r = number of larvae dead

P = proportion of larvae dead

Emp. prob. = Empirical Probit.
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APPENDIX 4

During this study a parasite of the egg stage of Oechalia schellenbergii

was found. It was identified as Trissolcus sp. (F. Scelionidae).



APPENDIX 5

Insects:

Adalia decempunctata (L.)

Bemisia gossypiperda M & L
Cermatulus nasalis (Westw.)
Choristoneura fumiferana (Clem.)
Colias philodice eurytheme Boisduval
Cuspicona sp.

Cydia pomonella (L.)

Danaus ,gilippus berenice (Cram.),
Ecthromorpha intricatoria (Fabr.)
Epiphyas postvittana (Walk.)
Eriococcus orariensis Hoy
Euplectrus agaristae Crawf.
Eurytoma sp.

Eutrichopidia latina (Don.)

. Exorista sp. of sorbillans (Wied. )
Grapholitha molesta (Busck)
Halyzia galbula Mulsant
Hyphantria textor Havr.

Ipochus fasciatus LeConte
Laspeyresia nigricana (Steph.)
Leucania sp.

Lissopimpla semipunctata Kby.

. Lycorea ceres ceres (Cram.)

" Oechalia schellenbergii (Guer-Men.)
Ostrinia nubilalis (Hbn.)

Papilio anactus W.S. Macleay
Papilio canopus canopus Westwood
Papilio troilus L.

Phalaenoides glycine Lewin
Phalaenoides tristifica (Hﬂbn.)
Phylogophora meticulosa (L.)
Pieris rapae (L.)

Porthetria dispar (L.)

Rhyacionia frustrana (Comst.)
Rutilia specios& Er.
Trissolcus sp.

Winthemia sp.

Xylophasia monoglypha Hufner

Birds:

Acridotheres tristis (Linn.)
Chrysococcyx basalis (Horsfield)
Cuculus pallidus (Latham)
Gymnorhina tibicen (Latham)

Species mentioned in this thesis.

Plants:

Citrus sp.

Echium plantagineum L.
Epilotium sp.

Foeniculum vulgare Mill.
Fuchsia sp.

Ginkgo biloba L.

Glycine bimaculata Curtis
Glycine clandestina Wendland
Gnaphalium luteoalbum L.
Hibbertia scandens Gilg
H. sericea Benth.

H. stricta R. Br.
Justicia betonica L.

Ludwigia peploides ssp. monte vidensis
Silybum marianum (L.) Gaertner !
Vitis kaempferi (L.)

V. quinquefolia (L)

V. vinifera L.

(Raven)






