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ON THE LIFE-HISTORY OF THE APPLE
FRUIT-MINER, ARGYRESTHIA CONJUGELLA ZELL.
By - '
Hanjiro Okamorto.

Entomologist, Hokkaido Agricultural Experiment Station, Sapporo, Japan.
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It is a fundamental princip]e of economic entomology that in order to suc-
cessfully combat an insect the life history of that inséct must be given a keen,
searching study. With few excéptions these studies reveal some point in the life
of the insect at which it is vulnerable to preventive or remedial measures. Without
this knowledge efforts are \x'ésted and in some cases are a positive aid to the insect.

" In the present studies upon the apple fruit-miner a particular care has been
taken to keep the different stages of the insect during the experimeﬁt in exactly
the same conditions as to temperature, moisture and light as in the orchard in
which the cages were located.

As in other lepldoptelous insects, the life of the apple fnut-mmer could be
d;vxded into four distinct stages—egg, larva, pupa and adult. In winter and early
spring, the larva may be found in their cocoons in the soil. Later the larva trans-

forms into a pupa, and this in turn changes to a moth, which in turn lays eggs.

TuaeE Ece.

The egg is flat and oval in shape. It varies in size from 0.38 to 0.48 mm. in
length and from 0.25 to 0.3 mm. in breadth, The surface is covered with a net-
work of ;idges which are much closer together toward the central portion than
around the edge. The color varies with the age of the embryo. ~When the egg
is first laid, it is of a white cdlor, sometimes with a decided yellowish thinge, later

becoming light yellowish.

[Trans. of Sapporo Natural History Soc. Vol. VI. Part, 3. Jan. 1917.1
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Places where the eggs are laid—Having never seen the egg, the early writers
and horticulturists were forced to guess as to where it was laid. They stated that
the eggs were laid on the fruit. These views were held because of the presence
‘of the entrance holes of the larvae on the fruit..

The writer has found that in my orchard the most of the eggs are laid upon
the young fruit. In one cage a moth laid 25 eggs, many of which were upon the
fruits, and in another cage 29 eggs were laid and only four were upon the leaves.
A very few eggs were observed to have been laid upon the leaves in the field.

‘The average of several rough countings in the field gave an average of about
85 percent laid upon the fruits. Breeding records show that out of 54 eggs in
cages, there are 48 eggs upon the young fruits, 6 upon the leaves. A very few
eggs are laid upon the underside of the leaves.

We may therefore conclude that the eggs are for the most part laid hpon the
fruits, while a very few of them may be found upon the leaves.

When the eggs are laid—S. Fuji1, Nogakushi stated that the eggs were laid
at night. The writer’s observations show that the oviposition for the most part
is accomplished in the late evening, while a single observation shows an egg to
have been laid in the late afternoon. ~ _ '

The number of eggs laid by one female—In only two instances has the writer
made a definite observation on the number of eggs laid by a single female moth.
Two pairs of the moth were captured in copula, and each was placed in separate
cages. In one cage, 25 eggs were found, and in the other, 29 eggs were laid.
The average number of eggs laid by one female moth is 27.

The ege-laying period—Upon dissection of the ovaries of the female moth the
eggs are found in various stages of development. It is also noted that the eggs
are laid when they are in different stages of maturity. From these facts we may
conclude that the egg-laying period extends over some time. The length of the
time from the emergence of the moth to the beginning of the laying of the eggs
varies from 2 to 4 days, with an average of about 3 days.

Hatching of the ¢gg—The egg is hatched in six to seven days in my laboratory
at an oridinary room temperature, and in the orchard one day longer. The writer
has observed that as soon as the light yellowish tinge of the egg had turned to

white, the larva came out of the egg near the one end through an irregular crack
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in the shell.

Changes during incubation—The newly laid egg is of a translucent whitish
color, often with a yellowish tinge. Observations upon many eggs show that
from two to four days with an averagc of three days after the deposition of the
egg a yellow ring makes its appearence in its interior, This ring disappears in
five to six days and in its place the larva can be seen, the “black spot” which

consists of the head and cervical shield, being the most conspicuous part.

THE Larva.
At the time of hatching the young larva is milky white in color, with large

shiny black head, and black cervical and anal shields. The body shows from six
to eight regularly arranged dark spots with short hairs.

If hatched upon an apple, a young larva seeks soon a place to enter ; when
hatched upon the leaves, it may not find any applé for some time, and meanwhile
it seems to be obliged to feed upon small portions of the leaves.

Description of the full-grown larva—When full-grown, the larva is about 6
mm, in length. The majority are of a light pink or flesh color, which is much
lighter on the under side. The head is brown in color, and the cervical and anal
shields are also brown. The segments of the body show from six to eight regular-
ly arranged brown spots, in which the minute short hairs are situated. = Beneath
the under lip is the spinneret, from which the silken thread is drawn. The larva

“has eight pairs of legs. The first three pairs are situated on the thorax, and are‘
three jointed.  Later these form the legs of the adult insect. =~ The five pairs of
the fleshy abdominal legs disappear in the pupal stages of the insect.  The first
four pairs of abdominal legs are amﬁed with circles of hooks, while the hooks on
the two pairs at the end of the body are arranged in a semicircle. The spiracles
or breathing apex-'tures of the larva are arranged on both lateral sides of the
segments (with exception of the second, third and anal segments) of the body.

How the larva enters the fruit—The place of the entrance of the apple fruit-
miner for the most part is on the side of the fruit. It is very common to observe
a gummy matter exuding from the place of entrance of the larva. The larva
either squeezes its way or tunnels into the fruit.  The tunnels are numerous and
extend in all directions. A scar or rough spot is a favorite place‘ to enter into, as

the ja{vs slip on the smooth skin.
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According to my observations the places of the entrance from 70 to 8o percent
are on the sides of the fruit, while from 20 to 30 percent on the stem or calyx.

Time spent in the fruit—I'rom the nature of the case it is most difficult to get
exact data on this point, as there are many accidents which may prove fatal to the
~ parasite. On only ten larvae was the writer able to obtain results definite enough
to use with any degree of confidence.  The average of all these observations is
about 50 days. When about full grown the larva makes a passage-way to outside
of the fruit and this is usually made toward the side of the apple.

Place of spinning cocoons—The larva on passing out of the apple crawls about
on the surface of the fruit, and immediately seeks a place in which to spin a cocoon.
If the apple is still upon the tree, the larva lets itself down to the ground by means
of a silken thread. If the apple has fallen to the ground the larva simply crawls
into the soil and spins there its cocoon. After leaving the fruit the larva is un-
protected, and it does not consume much time for enteriﬁg into"the soil.

In an orchard the cocoons are normally found in the earth. But the larva
which has been developed later in the season, spins its cocoon sometimes on the
inside of boxes or barrels.

The cocoon—The cocoon is composed of silk, secreted by a pair of silk glands,
which are situated on either side of the alimentary canal. When a suitable place
has been selected for the spinning of the coccon, the larva bégins to weave about
itself a single thread of the silk. While spinning the larva is bent upon itself
and decreases considerably in size. ~ When the cocoon is completed, which takes
usually about one day, the larva straightens out and contracts in length.

The cocoon is spindle-shaped, about 1o mm. in length, and consists of two
layers.. While the exterior layer may be rough, the interior is always smooth.

The larva hibernates in the cocoon, and in the next early spring, the larval
skin is shed and the insect becomes a pupa.  The cast larval skin can always be

found at the caudal end of the body, shriveled into a rounded mass.

TuE Pupa. _
The pupa is about 5 mm. in length and brown in color. The head, antennae,
eyes, mouth parts, legs, and wings of the moth are apparent in sheaths which are

immovably attached to the body. The abdominal segments are movable. The
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last abdominal segment has a number of long spines with hooks at the end.” These

hooks are fastend in the silk and aid the pupa in holding its place in the cocoon.

TrE ApurLt INsecr.

After the pupa has thrust itself out of the cocoon, the pupal skin splits down
the back, and the moth forces its way out by spliting away the head end of the
pupal skin. :

The insect is at first wet, and the body wall is soft. The wings increase
several times in size, and as the body dries it grows more rigid. When the wings
were fully expanded the moths would often hold them over their ba;:ks for a few
minutes. The whole process of emergence takes from fifteen to thirty minutes.

The adult insect or moth is quite variable in size. The wings when fully
expanded measure from 10 to 12 mm. . The length of the body is from 5 to 6 mm.
" The whole insect is covered with scales having.varying color. The body is dark
gray. The head covered with long, yellowish white hairs, The antennae are
very long and black in color with many yellowish white rings, The anterior wings
are dark gray, and very slender. There is a very broad silver-white band along the
hind margin, that extends to the middle part from the base of the wing.  In the
middle portion of the wing a large black band across the wing is to be seen, and a
yellowish white spot on the outer margin. On the anterior margin there are many
short yellow lines.  The posterior wing is smaller and darker than the anterior,

acinaciform and margined with long hairs.

Habits of the moth—The moth are but rarely seen in orchards. They spend

most of their time resting in the foliage of the apple. = When disturbed, they fly
away so quickly that the eye is unable to follow them in their erratic flight, Ac-
cording to my observations the moth feed on the water, and are generally not

attracted to lights at night.
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