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A COMPARISON OF AONIDIELLA AURANTII
AND AONIDIELLA CITRINA, INCLUDING
ASTUDY OF THE INTERNAL ANATOMY
OF THE LATTER"*?®
ROBERT G. NEL4

This investigation was undertaken for two reasons: first, to determine
the actual status of Aonidiella aurantic (Mask.) and its so-called variety,
A. citring (Coq.) ; and second, to learn more about the internal anatomy
of the Diaspidinae, as certain structural features still seem to be matters
of controversy.

Because of their distinet differences in color and mode of attack,
aurantis and citring are respectively recognized as the red scale and
yellow scale. In fact, so specific are they in these differences that their
identity is hardly ever confused ; to workers in the field the names red
and yellow scales mean two different insects. From a systematic view-
point, however, distinetion has not been so clear-cut, as no morphological
differences could be detected upon which a differentiation could be
based, with the result that citrina, instead of being given specific stand-
ing, has been classified as a variety of aurantii.

HISTORY AND SYNONYMY

By referring to Fernald’s'® A Catalogue of the Coccidae of the World,
and to subsequent publications on the Coccidae, one finds that Aonidi-
ella aurantis (Mask.) has been described under many different names.
As aresult, a long list of synonyms has gradually been built up. It is not
within the scope of this paper to enter into an extended discussion of
these synonyms. The writer will, therefore, limit himself only to those
main genera that played the most important roles in the complicated
systematic history of the species concerned.

1 Received for publication June 18, 1932.

2 Paper No. 238, University of California Graduate School of Tropical Agriculture
and Citrus Experiment Station, Riverside, California.

3 Study begun and carried on for a year at the Citrus Experiment Station, River-
side, and completed at Cornell University as a thesis presented to the Graduate
School of Cornell University in partial fulfillment of the requlrements for the degree
of Doctor of Philosophy, June, 1930.

4 Graduate student, 1929-30, in the Graduate School of Tropical Agriculture and
Citrus Experiment Statlon Rlversule
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Aonidiella aurantit (Mask.) belongs to the subfamily Diaspidinae,
which is generally regarded as probably the best known of the Coccidae.
This species was first deseribed by Maskell** in 1878, under the genus
Aspidiotus, and soon after by Comstock,® as Aspidiotus citri. The lat-
ter author, however, upon exchanging specimens with Maskell, imme-
diately came to the conclusion that the two were identical. In 1895,
Berlese and Leonardi® erected a new genus Aonidiella, taking aurantii
as its type. In 1899, in the supplement of his Check-List of the Cocci-
dae, Cockerell® placed aurantsi under Chrysomphalus, giving no ref-
erence for this change. Since then, especially in the field of economic
entomology, workers throughout the world have given Chrysomphalus
preference as the genus for aurantii. However, the Italian school has
consistently used Aonidiella. In 1921, MacGillivray,®® in his classifica-
tion of the Coccidae, also listed aurantii under Aonidiella, which he
recognized as a valid genus.

Specimens of Aspidiotus hederae (Vallot) and Chrysomphalus aoni-
dum (Linn.), being type species of respective genera, were carefully
studied by the writer in order to obtain a better understanding of the
generic characters in question. The original and subsequent deserip-
tions were also taken into consideration.

As a result of these studies, the writer feels convinced that not only
is Aonidiella a valid genus, but that auranti is more properly classified
here than under either Aspidiotus or Chrysomphalus. In fact, the types
of Aspidiotus and Chrysomphalus show a closer relationship to each
other than does aurantit to aonidum. For example, in both Aspidiotus
hederae and Chrysomphalus aonidum, circumgenital glands are present,
while both possess bodies generally turbinate in form; eircumgenital
glands, on the other hand, are wanting in Aonidiella aurantis, while its
body is typically reniform in shape, as a result of the posterior elonga-
tion of the lateral thoracic lobes.

" However, in order to determine the exact position of these species and
the validity of the above-named genera, a detailed study of the Diaspine
group should be undertaken. Time did not permit such an investigation
in eonjunction with the work desecribed in this paper, as it would take
at least a few years to obtain the necessary types.

The first description of Aonidiella citrina (Coq.) was made by Coquil-
lett® in 1891, who was conducting some spray experiments on scale
insects in the San Gabriel Valley, California. He referred to it as follows:

“The orange tree experimented upon was infested with the yellow
scale (Aspidiotus citrinus).”
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Notwithstanding its briefness and inadequacy, this description is
recorded as the original.

It seems, however, that Coquillett did describe it more fully as a
distinet species, although this deseription was never published, for the
reasons brought out in the following statement, made by Dr. L. O.
Howard®® in 1894 :

The Yellow Scale is mentioned in some California publications as Aspidiotus
citrinus Coq. and Mr. Craws is of the opinion that it is a distinet species and was
imported independently from Japan in 1872 into the San Gabriel Valley. The name
Aspidiotus citrinus Coq., was sent Professor Riley with a MS description, but from
his own careful study in California, and correspondence with Mr. Coquillett, Pro-
fessor Riley concluded that the structural differences between the two forms are not
constant and that citrinus can only be considered as a variety.

From then onward, it continued to be classified as a variety of
aurantit, and thus underwent the same generic changes, i.e., from
Aspidiotus to Chrysomphalus and to Aonidiella.

In the following pages the writer has presented the result of a detailed
study conducted on both these insects, and has come to the conclusion
that there are sufficient morphological as well as biological differences
to warrant giving citrine specific standing.

DISTRIBUTION AND ECOLOGY

The red scale is widely known in practically all the subtropical and
tropical countries of the world, having been recorded from southern
Europe, Syria, Greece, Turkey, Italy, Spain, India, Ceylon, Mauritius,
Australia, New Zealand, China, Japan, South Africa, Rhodesia, south-
ern and western United States, Samoa, Java, and the West Indies. The
yellow scale is not so widely distributed, having been recorded only
from Japan, California, and Texas. It is probable that as a result of its
similarity to the red scale, it may have been mistaken for, and recorded
as, the latter.

The red scale in California, as noted by Quayle,*® is chiefly a citrus
pest, so that its distribution is governed largely by that host plant. In
the citrus area south of the Tehachapi Mountains, this scale occurs in
the following counties: Santa Barbara, Ventura, Orange, Lios Angeles,
Riverside, San Bernardino, and San Diego. In conjunction with the dis-
tribution of the yellow scale the above author states:

5 Craw, Alexander. Beneficial insects. Fourth Bien. Rept. Calif. Bd. Hort. p. 97.
1894.
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It is widely distributed over the citrus belt of southern California, often associated
more or less with aurantii. In addition to its occurrence in the southern part of the
State, it is also found on the citrus trees of the Sacramento Valley where it is the
most important scale occurring on citrus trees. In the same section the typical
aurantii is not known. In the citrus belt of the south the yellow scale occurs in
various degrees of severity ranging from occasional scales scattered about on parts
of the tree, to badly infested trees.

From its general distribution, the yellow scale apparently shows a
preference for the more arid and warmer interior valleys of central
California or better withstands lower temperatures, while the red occurs
more abundantly in the southern citrus area. In the Redlands-Riverside
section, the yellow scale is most abundant in those sheltered groves lying
along the foothills.

Perhaps the most important differences between the red and yellow
scales are their modes of attack on the host plant. The red scale is found
on all parts of the tree, whereas the yellow is limited almost entirely
to the leaves and the fruit, a fact that makes the latter a less serious pest.

LIFE-HISTORY OBSERVATIONS

The data presented here were obtained from records of insects reared
on young seedling and Valencia orange trees. The experiments were
conduected in the lath house during the warmer months, and were trans-
ferred to the insectary with the approach of winter. Table 1 gives the
mean minimum and the mean maximum temperatures for the period
during which most of the life-history studies were made.

TABLE 1

TEMPERATURES DURING PERIOD
oF L1rE-HISTORY WORK

Mean Mean
Year Month maximum, minimum,

egrees egrees
Fahrenheit | Fahrenheit

98.64 58.80

95.09 58.35

1928 96.66 51.20
October...... 82.48 43.84

November. 74.28 39.83

December. 66.16 35.13

January. 63.10 34.06

1929 February... 62.90 33.52
70.83 39.16

69.83 43.67
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During the course of these studies, the observations on the habits and
the metamorphosis of both the red and the yellow scales were always
made on a comparative basis. These observations are fully recorded
(tables 2 and 3) and the conditions were identical for both, unless other-
wise indicated.

TABLE 2

SUMMARIZED LIFE HISTORY OF AONIDIELLA AURANTII

Duration molt- Total
Free-moving larvae ing period, Duration of instars, | time, | Adults secured
days days in days,
from
Experi- ’ free-
ment Num- : moving
No. Date | Num- ber . stage to
trans- | ber |settled | First | Second| First |Second | Third | startof | Male | Female
ferred | trans- | in 24 stage | stage | stage* | repro-
(1928) | ferred | hours duction
100 8/10 55 24 4 3 12 9 32 60 11 16
105 8/31 78 54 3 4 13 9 32 61 14 30
108 9/1 31 28 3 3 15 7 33 62 11 12
109 9/4 30 24 3 4 14 8 31 60 5 13
110 9/5 40 40 4 3 13 8 34 62 9 21
111 9/6 147 128 4 4 13 9 35 63 31 80
131 9/27 160 151 3 4 12 10 31 62 55 7
132 9/29 180 144 3 4 12 9 32 61 66 70
Average. 3.38 3.63 13.00 8.63 | 32.50 60.26 ..o

* From second molt to beginning of reproduction.

TABLE 3

SuMMARIZED LIFE HISTORY OF AONIDIELLA CITRINA

Duration molt- ' Total
Free-moving larvae ing period, Duration of instars, | time, | Adults secured
days days in days,
rom
Experi- free-
ment Num- moving
No. Date | Num- ber stage to
trans- | ber |settled | First |Second| First |Second| Third | startof | Male | Female
ferred | trans- | in 24 stage | stage | stage* | repro-
(1928) | ferred | hours duction
105 8/31 60 54 3 2 11 8 38 64 19 14
112 8/14 70 53 3 4 13 11 35 66 30 18
114 8/23 22 17 4 3 14 9 36 66 8 5
115 8/23 16 11 3 5 15 8 35 66 3 3
117 9/1 27 19 2 4 14 9 34 63 14 3
119 9/8 16 13 4 5 13 9 37 68 6 6
121 9/26 48 26 3 3 13 11 36 65 10 15
123 8/27 137 119 3 4 12 8 34 61 51 44
Average. 3.13 3.75 | 13.13 9.13 | 35.63 | 64.88 .o

* From second molt to beginning of reproduction.
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First-stage or free-moving larvae, generally known as “crawlers,”
were procured by placing heavily infested oranges or lemons in battery
jars provided with cheesecloth tops. In order to hasten the produetion of
the larvae, the jars were kept in a fairly warm place. After a few days,
the females produced many young which were removed from time to
time. With the aid of a field binocular microscope and a fine camel’s hair
brush, the ecrawlers were transferred one by one to the leaves of young
potted trees. Only those larvae that moved away from where they were
placed, were recorded and used for further observation. This precaution
was taken for two reasons: In many cases it was noted that when a larva
was so transferred as to be accidentally placed on its back, it was
unable to right itself, and died. The possibility existed that when an
inactive larva was transferred, it was already in the process of settling
and had probably pierced the epidermis of the fruit. Such a larva seemed
unable to repeat the process of piercing the leaf.

In order to facilitate observation and to prevent the larvae from
settling all over the tree, the following measures were adopted: All
leaves on which larvae were to be placed were wiped off so as to remove
dust, excessive moisture, and gum exudations. The larvae were kept in
restricted areas by the use of leaf cages. Each leaf cage consisted of an
upper and a lower cardboard frame, both lined on the surfaces adjacent
to that of the leaf, with black velvet. This prevented the eseape of the
larvae under the frame and guarded the leaf against chafing. The upper
frame was covered with a celluloid “window,” and the lower one left
open so that the transpiration of the leaf would not be disturbed. After
transferring the larvae to the upper surface of the leaf, the latter was
enclosed between the two cardboard frames which were held in position
by means of paper clips. Observations could then be made through the
celluloid window. The other method consisted of the isolation of the
individual leaves. Prior to the transference of the larvae, the leaves were
isolated by placing narrow bands of paraffin wax coated with tree tangle-
foot, around their petioles. The few larvae which were trapped by the
tanglefoot were counted and deducted from the total number trans-
ferred.

Of the above methods, the latter is preferable since direct observation
under the microscope can be made without disturbing the settled colony.
‘When the leaf cages are used, the larvae tend to crawl between the leaf
surface and the velvet, thus becoming completely hidden. Also, the
leaves frequently drop off because of the weight of the cages.

First Larval Stage—This stage will be discussed under two sub-
headings: the active or free-moving stage, and the fixed or settled stage.
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The females of both the red and the yellow scales are viviparous.
After birth the larvae remain a day or two under the protection afforded
by the covering of the mother scale. On lifting a mature female during
the reproductive period, a few larvae will always be found clustered
close together in the small space around the pygidium. In this space,
along with the larvae, the dry discarded amnion coverings are often
found.

By treating some of these larvae with a 10 per cent KOH solution and
then staining them with acid fuchsin, their mouth parts will show inter-
esting degrees of internal transformation. In individuals recently born,
the two pairs of bristlelike mandibles and maxillae are rolled up in two
coils like the hairspring of a watch, with one on each side of the brain.
This position of the mouth parts is also noticeable during the time that
the larvae are still enclosed in their amnion coverings within the oviduet
of the mother. The older larvae, which have just made their appearance
and are still ecrawling about, have uncoiled their mouth parts in the
form of long loops, each of which is contained within an internal saec-
like structure, known as the crumena.

Soon after making their appearance, the young larvae crawl actively
about and come to rest when a suitable feeding place has been selected.
The preferred place for settling is beside the midrib or some other
prominent vein of the leaf. The duration of this active crawling stage is
variable, depending largely upon how soon a favorable feeding spot is
located. The majority of the larvae have been noticed settling within
the first 6 hours, but a few have been found crawling about, 24 hours
after liberation. '

Mortality was highest during this stage. In the writer’s opinion the
cause of this lies in the inability of the larvae to pierce the epidermis,
resulting in death from starvation ; the inability of the larvae to form
a protective wax covering, thereby leaving themselves exposed to dry-
ing; and dropping off the leaf, resulting in inability to reach the host
plant again.

After finding a suitable feeding place, the larva proceeds to pierce
the epidermis with its mouth parts. The rostrum is closely pressed
against the surface of the leaf so as to support and direct the rostralis,
composed of the united mandibles and maxillae, into the tissues. The
distal or free end of the rostralis gradually passes through the rostrum,
causing the long loop in the crumena to grow smaller and smaller. The
piercing is aided by a slowly rotating movement accompanied now and
then by a rise and fall of the anterior portion of the body.
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Very shortly after the insertion of the mouth parts, the whole dorsal
surface of the larva becomes gradually covered with very fine, silvery
white, wax threads. As a result of the rotating of the body, these wax
threads coalesce and assume the form of a flattened cone or cicatrix
which soon covers the whole body. The legs and the antennae are with-
drawn beneath the body and the latter becomes more rounded in outline
during the formation of the wax covering. Following this and up to the
beginning of the first molt, the only noticeable changes are the gradual
expansion of the insect beneath the wax covering and a compacting and
darkening of the latter around the outside rim. During this whole period
the insect remains unattached to its wax covering, which, when it is
removed, is soon replaced by the secretion of a new one. Quayle®
found that:

“In the case of some the covering was removed and the maximum
number of new coverings formed was four. When the covering was
removed three or four times, the insect usually died.”

The first instar ends with the first molt. The duration of this stage
was found to be about the same for both the red and the yellow scales,
which had an average of 13 and 13.13 days respectively (see tables 2
and-3). A great variation in the degree of development of the individuals
in the different lots was noted, evidently due to the fact that in some
cases conditions were more favorable for rapid development. There was
differentiation of males and females during this stage.

First Molt—Externally the first molt can be recognized by the outer
rim or margin of the wax covering, which becomes clear-cut and more
compact. If the insect is lifted during this period, it is found firmly
attached to its covering, and the body itself is in a turgid condition.
The ventral side of the insect, proximad to the leaf surface, is light
brown in color and polished in appearance. A microscopic examination
of the internal structures during this period, or just prior to the actual
molt, shows the developing second stage lying within the body wall of
the first stage. Again the coiled mandibles and maxillae are evident on
each side of the mouth region. There is, therefore, a short period during
the actual molting process and just before the insertion of the new
second stage mouth parts, when no food is taken from the plant tissue.

The splitting of the larval skin usually starts in the region of the
mouth and then follows along the sides. The dorsal skin is incorporated
into the wax covering to which it adheres firmly ; the ventral skin which
carries the mouth parts, the antennae, and the legs, is pressed down on
the surface of the leaf beneath the molted insect.
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The molting period, as shown in tables 2 and 3, lasts from three to
four days, being approximately of the same duration in both the red and
yellow scales.

Second Stage.—After molting, the insect enters the second stage of
its development. ’

That the first molt has been completed, is indicated externally by the
extension of the wax rim, which is secreted around the margin of the
former covering. On lifting this covering it is found that it may be
removed readily from the insect, and remains more or less detached
until the beginning of the second molt. It is during this stage that the
scale coverings of the two sexes can be differentiated externally. .

The female continues the rotating movement resulting in the addition
of a circular rim to the covering of the first stage. This additional rim
consists of a somewhat dull, compact, waxy secretion. Some interesting
observations as to the secretion of this wax were made by placing a
second-stage female, deprived of its scale covering, under a microscope
and studying the flow of wax filaments from the abdominal pores. These
filaments were at first excreted vertically, and upon attaining maximum
length they fell over as a result of their own weight. They then became
entangled in the pygidial fringe, because of the up and down movement
of the pygidium. It appeared that the pygidial lobes and plates acted
as the teeth of a comb, causing the tangled mass of wax filaments to be
more closely united and formed into a ribbon which then passed out to
form the waxy portion of the scale covering.

The early-stage male covering is found to be similar to that of the
female except that the wax is lighter colored and does not seem to be of
the same compactness and rigidity. Later, however, a decided elongation
takes place primarily as the result of the cessation of the rotation of the
body, and the continued secretion of the wax toward the posterior end
of the body.

Second Molt.—The second molt is similar to the first. During this
period, the female again becomes firmly attached to its dorsal covering,
while the internal organs undergo transformation in preparation for
the third or final stage. The coiled mouth parts are again evident, while
the outer rim of the scale covering becomes clear-cut and well defined.
Splitting or shedding of the old skin takes place along the sides of the
body, the dorsal surface being incorporated in and firmly attached to
the scale covering, while the ventral surface is pressed down on the leaf
surface as in the case of the first molt. The duration of this molt was
found to be about the same for both scales, the red showing an average
of 3.63 days and the yellow 3.75 days.
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During both the first and the second molt, there was a certain degree
of mortality. This is evidently a result of the inability of the insect to
break loose from its previous skin or the inability to uncoil its mouth
parts so as to pierce the host tissue again.

Adult Stage—Completion of the second molt brings the female to its
final or adult stage. Before the production of young begins, two inter-
esting subphases are to be noticed, which will be respectively called the
prefertilization and the postfertilization stages.

Upon completion of the second molt, a further slow deposition of wax
takes place until the external covering has attained its final dimensions.
This stage can be easily recognized by the following characters:

" 1. Dorsal scale covering not firmly attached to the underlying female.

2. Slow rotating movement of body resumed in depositing wax rim,

3. New wax rim running around the margin of the older scale cover-
ing, soft and light gray in color.

4. On removing the dorsal scale covering, the exposed female is found
to be pear-shaped, and in the case of citrina decidedly more yellowish in
contrast to auraentii, which is more reddish.

It is during this stage that fertilization takes place, and the longevity
of the insect depends upon how long after maturity fertilization occurs.
Soon after fertilization has taken place the female enters its postfertili-
zation stage.

During this stage the fertilized eggs develop rapidly. The outstanding
changes that take place here can be briefly summarized as follows:

1. The rotation of the body ceases.

2. There is no further secretion of wax.

3. The body becomes firmly attached to the dorsal scale covering.

4. The body cuticula, especially on the dorsal side, becomes thickened,
forming a fairly hard exoskeleton which is less elastic than in any of the
previous stages. The cuticula is visible through the lighter wax area of
the early third-stage wax rim. Together with the other previously in-
corporated molted skins, the dorsal scale covering takes on its character-
istie color : brownish red in the case of aurantit, and yellowish green in
the case of citrina.

5. When fully developed the thorax extends backward in a large
rounded lobe on each side, projecting beyond the extremity of the
abdomen, and giving the body a reniform shape.

6. The ventral portions of the molted skins of the previous stages are
found closely pressed together on the surface of the leaf just below the
adult female, and in comparison to those of the dorsal portions, are
lighter, thinner, and more parchmentlike,
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In many cases these ventral cast skins are found attached to the dorsal
covering, with the result that it seems as if the female reposes within a
baglike structure. This, however, is brought about after molting and is
probably due to subsequent wax secretion, which glues the ventral skins
to those of the dorsal covering. If this ventral scale is treated with KOH,
the constituent skins fall apart, clearly indicating that the splitting of
the skin during the previous molts had followed not only the general
body margin, but often the margin of the lobes and plates as well.

The time that elapsed between the completion of the second molt and
the appearance of the young was somewhat different for the red and
yellow females; with the former this period averaged a total of 32.5
days and with the latter a total of 35.63 days, giving a difference of 3.13
days. )

Reproductive Period and Number of Young—Under a fairly high
and constant temperature, 82° F', there was a continuous emergence of
young over the whole reproductive period, which, under those condi-
tions, lasted 60 days for both the red and the yellow species. The experi-
ments were not extensive enough to furnish reliable data on the total
possible number of young that might be produced, but they did show
that both species produced young at about the same rate and in the same
number.®

Duration of Total Life Cycle.—By comparing the respective life cy-
cles, from free-moving larvae up to the time of reproduction, we find by
referring to tables 2 and 3 that the cycle of the yellow runs from 61 to
68 days, and that of the red from 60 to 63 days, giving an average of
about 65 and 61 days respectively, or a difference of about 4 days.

Sex Ratios.—Of the 521 red-scale adults procured during the second
half of the year there were 319 females and 202 males. Of the 249 yel-
low adults procured during the same period there were 108 females and
141 males. One hundred red larvae and 70 yellow larvae were trans-
ferred during the early spring. Of the 65 red scales which reached ma-
turity there were 19 females and 46 males. Of the 48 yellow scales which
reached maturity, the females were even more decidedly in the minority,
there being 2 females and 46 males. The preponderance of males in the
last case is unaccounted for.

6 The number of young produced by a single female varies greatly according to the
food and temperature conditions, and to the technique employed by those engaged in
conducting the experiments. One hundred and fifty young were produced by one fe-
male on a lemon fruit. There seem to be more young produced on the fruit than on
the leaves.



428 Hilgardia [Vol. 7, No. 11

BREEDING EXPERIMENTS

Since parthenogenesis has been reported for various members of the
Coccidae, a series of experiments was conducted to determine whether
or not this might be the case with either citring or auranti.

Two lots of 50 red and 50 yellow free-moving larvae were placed upon
previously banded leaves of two young potted orange trees: Each of thece
trees was then isolated in a sealed, insect-proof cage, so as to prevent
any outside males from reaching the females. As soon as sex differentia-
tion was evident all the males were removed, leaving a total of 30 red
females and 35 yellow females in each cage. These females were kept
thus isolated until most of them were dead, and in no case were any
progeny produced, showing that parthenogenesis did not take place.

The active part which the male plays in fertilization was further
brought out in a number of instances where the act of copulation was
observed. The following notes were made in one case : Just after emerg-
ing from beneath its scale covering, the male moved actively around for
some time until it eventually stopped in front of an early third-stage
female, at which time copulation took place. The male withdrew a short
distance, and began to wipe off its antennae with the aid of its fore legs.
This process was kept up for about ten minutes while the movements be-
came gradually slower and slower until all indications of life ceased.
This observation, that is, from the time the male emerged until its
death, lasted from 9 :45 A.m. to 10 :35 A.M., indicating the short life of the
adult stage of the male.

In a number of cases the males took to flight immediately upon emerg-
ence, evidently seeking to fertilize females on adjacent leaves. Flight of
the males was sluggish, taking place.in gradually increasing cireles. In
no instance did a male fertilize more than one female, although the same
female was fertilized by two or more males. The larger proportion of
males appeared during the night, a condition to be expected as the male
is of an extremely soft and frail nature, and could not survive exposure
to direct sunlight and high temperatures.

A number of experiments were conducted with the object of deter-
mining whether or not interbreeding takes place between aurantis and
citrina. As time would not permit more extensive investigations, the
results presented here cover only one or two life cyecles.

Because of their delicate nature and extremely short life, the males
proved very difficult to handle and control in large numbers. Other
methods eliminating direct handling had to be resorted to, and of these,
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three types will be described. Insect-proof cages were used throughout
S0 as to prevent any outside males from coming in contact with the
females used in the experiments. A quarantine isolation room was used
when it was necessary to remove any of the males or females.

Ezperiment A.—Six leaves of a young potted orange tree were
cleaned and their petioles banded with paraffin wax. Leaves 1, 3, and 5
were each colonized with 50 active red-scale larvae, and leaves 2, 4, and
6 with yellow-scale larvae. As soon as the sexes could be distinguished,
the red males and the yellow females and the paraffin bands on the peti-
oles were removed. In other experiments of the same type the red fe-
males and the yellow males were removed. To serve as checks, only the
males of one type of scale were removed, leaving both the males and
females of the other type. The results of these experiments are briefly
indicated in table 4.

TABLE 4

RESULTS OF INTERBREEDING EXPERIMENTS

Experiment Matings Results
Al Re X Y& No progeny produced
A2, YQ? X Ra No progeny produced
A 3 (Control).......... RQe X Y& Progeny from Y X Y only, none from
Y X Yo R X Y, indicating crossing only between
yellow females and yellow males
A 4 (Control).......... RQ XRg Progeny from R X R only, none from
Y? X R& Y X R, indicating crossing only between
red females and red males

Ezperiment B—Four small trees were alternately colonized as fol-
lows: trees 1 and 3 with red larvae, and trees 2 and 4 with yellow larvae.
The males in all four cases were removed as soon as this was possible.
Oranges infested with large colonies of healthy yellow scales were placed
in the cages containing trees 1 and 3, in such a manner that while the
males could escape and reach the red females, the young active yellow
larvae from the fruit were unable to reach the trees. With trees 2 and 4
the same was repeated, using fruit infested with red scale. In no case
were young produced, indicating that no interbreeding had taken place.

Ezperiment C.—Colonization of four small trees with red and yellow
larvae was duplicated as in Experiment B. Later when sex differentia-
tion was possible, the following removals were made :
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(1) All red females from tree 1, leaving red males.
(2) All yellow males from tree 2, leaving yellow females.
(3) All red males from tree 3, leaving red females.
(4) All yellow females from tree 4, leaving yellow males.

Trees 1 and 2 were then caged together, and similarly trees 3 and 4, thus
allowing ample opportunity for any interbreeding to take place if such
were possible. However, as in the two former experiments, no inter-
breeding took place.

METAMORPHOSIS OF THE MALE

First Stage—The metamorphosis of the Diaspine scales is more
anomalous than that of any other insect. During the first nymphal stage
the two sexes are indistinguishable. Both possess legs, antennae, and
eyes, all of which are lost during the first molt. The female then con-
tinues with its gradual metamorphosis while the male follows an alto-
gether different development, very similar to a complete metamorpho-
sis. After its second molt, the male loses its functional mouth parts and
gradually acquires a new set of legs, antennae, and wings. The legs and
antennae are derived from histoblasts, or imaginal disks, which are simi-
lar to those found in insects with a complete metamorphosis, while the
wings are developed externally, indicating a gradual development. The
type of metamorphosis which the male undergoes is, therefore, neither
strietly complete nor gradual.

The external characters of the four different instars of the male of
Aonidiella aurantit have been fully deseribed by Quayle®® and Berlese
and Leonardi,” and as the descriptions of these authors are identical
to those of the writer for citrina, the following discussion will be limited
to the development of the male appendages. In no instance was the pres-
ence of histoblasts noticed in the first-stage larvae, probably as a result
of the expected minuteness of their formative cells during this stage.
Matters were further complicated as there was no way of determining
whether a male or female larva was under examination. The second
stage of the male will, therefore, be taken as the starting point of the
internal development of the appendages.

Second Stage—About two days after the first molt the histoblasts of
the antennae and the legs are noticeable (fig. 14). The antennal histo-
blasts are situated at the extreme anterior portion of the cephalic end of
the body, while those of the legs are found in the ventral thoracic region.
These histoblasts first appear as thickenings of the hypodermis and
later take on the form of round pockets or buds. Each bud forms the
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center of a so-called peripodal cavity, which, as development proceeds,
eventually opens, while the bud itself evaginates, sending out a finger-
like process. These processes which represent the rudimentary append-
ages, point anteriorly in the case of the antennal and fore-leg histo-
blasts, and posteriorly in the case of the middle and hind-leg histo-
blasts. The wings gradually arise from buds on the lateral margins be-
tween the dorsal and ventral surfaces of the body.

The first pair of accessory eyes is situated posterolateral of the an-
tennal buds and the second pair is found on the ventral cephalic surface,
opposite each end of the brain. During this stage the eyes are present as
dark-violet diffused areas. Just before molting, the appendages have at-
tained approximately one-third of their final length. At about the same
time the thoracic muscles begin to show plainly on the dorsal surface.

Transformation into the following or prepupal stage takes place rap-
idly so that just prior to molting it is found lying within the body wall
of the second stage and separated from it by a margin filled with liquid.
Actual molting takes place by a contraction, followed by a sudden ex-
pansion of the new internal prepupal body, causing the cuticula of the
second stage to split at the cephalic end and to be pushed backward to-
ward the abdomen where it can often be seen projecting from under-
neath the scale covering. During this molt the mouth parts are lost and
not replaced during the subsequent stages.

Prepupal Stage—The prepupal stage (fig. 1B) is marked by the
further development of all the appendages. The latter are clearly seen
enclosed within a thin sheath, with the joints, indicated by cross divi-
sions, becoming more and more apparent. Schmidt,*® working on the
male of Aspidiotus nerit, was of the opinion that the primary object of
this stage is to supply the necessary material at the right place, and to
make, through molting, sufficient room for the subsequent stages. The
body gradually takes on the shape of the final stage, and in addition, the
histoblast which, upon evagination, will give rise to the genital organ or
style, is clearly seen toward the tip of the last abdominal segment. At the
end of this stage, the appendages attain approximately two-thirds of
their final dimensions. The molting process is similar to that of the
second stage.

Pupal Stage—During the earlier portion of the pupal stage (fig. 1C),
the joints of the different appendages become clear-cut; the lighter
divisions marking the segments is not clearly seen until shortly before
the final molt. The bristles on the legs and antennae are difficult to de-
tect at first, but become clearer and better defined with the formation of
the final cuticula. The evaginated style and all the other appendages are
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clearly seen enclosed within their thin, chitinous sheaths; the wings are
collapsed and folded within their sacs. The eyes have changed from dif-
fused areas to definite areas which they occupy in the adult male. The
last or final molt produces the fully developed male, which remains
under the shelter of its scale covering for a day or so longer before
emerging.

EXTERNAL MORPHOLOGY

Because of its economic importance and wide distribution throughout
the citrus-growing sections of the world, Aonidiella aurantii has at-
tracted the attention of many workers, and the external characters of
the female have been described in detail more than once. With reference
to citrina, no separate description has been made, as workers generally
have taken the latter to be structurally identical to aurantis.

‘However, to acquaint the reader with the female structures upon
which the identification of this species is based, and in order to facilitate
a better understanding of those characters which, in the course of this
study, were found to be specific and constant for citrina but not for
aurantit, a résumé will be given, embodying the original description of
Maskell®® and also the subsequent ones of Comstock® and Brain.®
No constant morphological differences could be detected in the imma-
ture stages of either of the two scales, and as these were fully deseribed
by Quayle,®® further descriptions will be omitted in this discussion.
Additional notes on the adult male of ¢itrina, and its development, will
be given under a separate heading.

For the study of the external chitinous structures, the standard meth-
ods described by Gage,'® Ferris,*® and Brain® were employed; of
these the 10 per cent KOH treatment and subsequent staining with
either acid or basic fuchsin proved the most satisfactory. Rapid exami-
nations of unstained and live specimens were made by mounting in
glycerin. All measurements were made with the aid of a standard eye-
piece micrometer. ‘

Adult Female of Aomidiella Aurantii.—The scale covering is nearly
circular, slightly broader (1.9 mm) than long (1.77 mm), with thin,
flat margins and the central area flatly convex, and generally appears
shiny or polished. The reddish color is due to that of the female insect
beneath the scale. The exuviae are regularly central, and are covered by
a thin layer of secretion. A small prominent spot with a concentric ring
of whitish waxlike substance is found in the center of the larval exuvia.
The ventral exuvia consists of the lower half of the molted skins of the
previous stages; however, it varies greatly in texture, being of a grayish
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white, parchmentlike character, often fused with the inner surface of
the dorsal scale covering.

The body is orange red. It is reniform in shape as a result of the lat-
eral margins of the body, which extend backward as two large rounded
lobes, one on each side of the retracted abdomen. The body is flat be-
neath and slightly convex above. The abdomen is terminated by a flat-
tened chitinous region or pygidium, composed of several fused segments.
Antennae are absent, except for two minute papillae or antennal tuber-
cles, set well back from the mouth parts and each carrying a fine, slightly
curved spine. The derm is membranous throughout, except for the pygi-
dium. .

The pygidium (figs. 2C and 2D) is broadly rounded. The anus is on
the dorsal side of the pygidium, and the genital aperture on the ventral
side. On each side of the dorsal median line, about 17 tubular ducts are
found ; their openings are arranged more or less in three lines. Circum-
genital glands are absent. Green 1:'® has directed attention to the
possible connection between the circumgenital glands and oviposition.
Thus in those species which are viviparous, the glands as a rule are
wanting, while they are present in all oviparous species, as stated by
Imms. %

On the pygidial fringe there are three well developed lobes: Li1, L2,
and L3. L1 and L2 usually are distinctly notched on both margins, the
notch on the outer margin of L2 being more pronounced. The notch on
the mesal margin of L1 is often nearer the distal end of the lobe than
that of the outer margin.

The plates are found between the lobes, which they exceed in length.
They are arranged as follows :

There are two plates between the median pair of lobes (L1-L2). These
are deeply fringed on their distal margins only.

There are two plates between lobes L1 and L2, two between L2 and
L3, and three between L3 and the margin of the body. These are all
fringed on their outer margins.

The first plate laterad of the second lobe, and the three plates laterad
of the third lobe, are each deeply bifurcated, each bifurcation being
fringed on the outer margin.

Adult Female of Aonidiella Citrina.—The scale covering is similar in
structure and outline to that of the red-scale female, except that it is
slightly flatter and smaller, having an approximate width and length of
1.725 mm and 1.58 mm respectively. (For further comparative dimen-
sions, see table 5.) The most outstanding difference, however, is the yel-
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TABLE 5

COMPARATIVE MEASUREMENTS OF ADULT FEMALE ScALE COVERINGS ; MILLIMETERS

[Vol. 7, No. 11

Aonidiella aurantii

Aonidiella citrina

Longest Longest __ Longest Longest
Entire scale covering | diameter of |diameter of| Entire scale covering | diameter of |diameter of
second-stage | first-stage second-stage | first-stage
incorporated | incorpo- incorporated | incorpo-
Width Length skin rated skin Width Length skin rated skin
2.025 1.800 0.810 0.405 1.800 1.575 0.720 0.315
1.800 1.710 720 405 1.575 1.485 .675 .315
1.935 1.820 .810 .360 1.710 1.575 .675 315
1.890 1.820 .810 .360 1.800 1.575° .675 .360
1.800 1.800 .810 .360 1.575 1.575 .675 .360
1.935 1.800 .810 .405 1.820 1.530 .720 .360
1.935 1.890 .855 .360 1.935 1.710 765 .360
2.025 1.710 .810 .405 1.665 1.575 120 .315
1.890 1.890 .765 .405 1.800 1.710 720 .360
2.025 2.025 810 405 1.800 1.800 765 .405
1.890 1.800 .810 .360 1.710 1.350 .630 .405
1.710 1.485 .810 405 1.820 1.665 .810 .315
1.890 1.665 .810 405 1.575 1.350 .630 .360
2.025 1.890 .810 .405 1.665 1.575 765 .405
1.890 1.575 .810 315 1.710 1.575 765 .360
Av. 1.900 1.777 0.800 0.384 Av. 1.725 1.581 0.714 0.354
TABLE 6
COMPARATIVE MEASUREMENTS OF PYGIDIAL LOBES;
MILLIMETERS
Aonidiella aurantit Aonidiella citrina
L1 L2 L3 L1 L2 L3
0.011 0.011 0.015 0.015 0.015 0.015
.015 .015 .015 .019 .015 .015
.015 .015 .011 .023 .019 .019
011 .015 015 .023 .019 .019 -
.015 .011 .015 .019 .019 .019
.015 015 .015 .019 .019 .019
015 .015 011 .023 .023 .023
.015 .011 .015 .019 015 .015
.015 .015 .015 .023 .019 .019
.015 015 015 .019 .019 .019
.015 .015 .011 .021 .019 .019
.015 .011 015 .019 .019 .019
.015 .015 .015 .019 .019 .019
.015 .015 .011 .019 .019 .019
Av. 0.014 0.014 0.014 0.020 0.018 0.018




April; 1933] Nel: Comparison of Aonidiella Aurantii and 4. Citrina 435

low color of the covering, which differentiates it easily from that of the
red scale.

The body is identical in shape to that of the red female, but different
in its clear, yellowish-green color.

On the pygidial fringe (fig. 24), lobes L1, L2, and L3 are well de-
veloped. Liaterad of the last three plates, the margin of the fourth ab-
dominal segment forms a well-defined triangular process or lobe. The
surface of the latter varies from serrate to smooth, as does that of the
other lobes. This lobe was found to be constant for a large number of
individuals examined, thus permitting mounted specimens to be differ-
entiated.

Considering the three main lobes, the writer’s attention was drawn to
their evident slender appearance. Measurements were taken which
showed them to be appreciably longer than the corresponding ones of
the red females. Table 6 presents measurements taken at random of 14
red and 14 yellow females. Furthermore, as shown in figure 2, lobes 1.2
and L3 of the yellow females are not so deeply notched as the corre-
sponding ones of the red females.

The structure, location, and bifurcation of the plates are similar to
those of the red scale. The pair of plates situated between the median
pair of lobes (fig. 2B) appear more fringed than those of the red scale.
However, as a result of a great variation within the individuals studied,
no great importance was attached to this difference.

Adult Male of Aonidiella Aurantiv and Aonidiella Citrina.—In addi-
tion to the studies conducted on the females of Aonidiella aurantis and
A. citrina, special attention was also given to the external morphology
of the males of both of these species. The object was to determine
whether or not there were sufficient constant differences by which the
two species could be segregated. A careful examination failed to show
any differences upon which a satisfactory and absolute differentiation
could be based. However, as a result of these studies, additional data on
the external morphology of the male of Aonidiella citrina (fig. 3) were
obtained which will be briefly presented in the following pages.

The general description given by Quayle®® for the male of Aoni-
diella aurantis will cover equally well that of A. citrina. Quayle states:

The adult male has a wing expanse of 1.5 mm.; length exclusive of style .6 mm.;
style .22 mm.; color orange yellow; antennae ten-jointed, the first two segments be-
ing much shorter and thicker than the others. The comparative lengths beginning
with the proximal one, are as follows: 5-4-17-20-20-20-18-15-13-17. Total length
0.5 mm. The antennae are light colored with some yellow pigment. On all the joints
excepting the first two are rather long hairs. The lateral pair of eyes are dark brown
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and situated just laterad of the antennae. The ventral pair of eyes are much larger
and closer together and situated more posteriorly. The legs, excepting coxae which
are yellow, are glassy white, and the tarsi light brown. The thoracic band is of a
light brown color. The halteres are club shaped, with the slender hook arising from
the tip of the club. '

As the above description is rather brief, the following additional de-
seriptions of the cephalic, thoracie, and abdominal regions are given.
By reference to figures 3, 4, 5, and 6, the more important structural
characters of these can be easily followed. Some of these structures are
named according to homologous ones worked out by Berlese and Leo-
nardiV for Aspidiotus hederae.

Figure 4 represents a semidiagrammatic aspect of the ventral side of
the head; the dorsal structures are indicated by broken lines. The head
is more or less triangular in outline with the anterior end somewhat com-
pressed dorso-ventrally. It is broadest across the posterior or basal end,
which is marked by a fairly well defined suture.

On each side of the head and well within its margin, the malar ridges
start at a point intermediate between the dorsal accessory and the ven-
tral accessory eyes and the primary eye, and extend in a posterior diree-
tion. These malar ridges are strongly chitinized, slightly curved, broad-
est through middle, and tapering toward each end. In the immediate
vieinity of the basal suture, each turns directly inward and upward and
fuses with its corresponding mate from the opposite side on the median
line of the head, thus giving rise to a ridge which is known as the ocular
apophysis. The latter has a slightly broadened apex and terminates in
the region between the two ventral accessory eyes.

On the dorsal surface of the head, situated between the dorsal acces-
sory eyes, the peculiarly shaped cephalic ridge is found. Situated at the
base of the ocular apophysis, a fleshy tubercle, representing the rudi-
mentary mouth parts, is found. In cross sections the esophagus termi-
nates in this tubercle, showing no actual opening to the outside. Viewed
ventrally, each of the dorsal accessory eyes is concealed by a ridge or
seape, which extends posteriorly from the base of the first antennal seg-
ment. The bases of the antennae are separated by a row of well defined
and unpaired spines which are situated in a shallow furrow.

As pointed out before, there are two pairs of aceessory eyes and one
pair of primary eyes. The ventral accessory eyes appear as two large,
ovoid, closely approximated areas situated on each side of the median
line in the caudal half of the ventral aspect of the head. The circular and
dark-brown dorsal accessory eyes lie just caudad of the base of the
antennae on the dorso-lateral line of the head. The primary eyes can be
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seen best from the ventral side. They are two colorless, beadlike pro-
jections with translucent tips, situated on the lateral surface of the head,
opposite the cephalic half of the ventral eyes, and immediately posterior
to the dorsal accessory eyes. It is remarkable that the primary eyes can
best be seen from the ventral side, even though they lie just behind the
dorsal eyes.

The dorsal and ventral accessory eyes are similar in structure (fig.
1D). Each eye is surrounded by a groove which is formed as the result
of the pushing upward of the body wall into a ridge. The lens of the eye
is a large, spherical, globular, transparent body, consisting of a homo-
geneous substance covered by a thin layer of chitin. Between the lens
and the visual rods is the corneal hypodermis, which occurs as a thin
flattened layer. The iris surrounds the corneal hypodermis and consists
of a layer of highly pigmented cells. Next to the corneal hypodermis is
a crescent-shaped area filled with visual rods. The latter are translucent
and slender, tapering slightly toward their distal ends, and separated
from one another by a dark seam. The retina which follows is made up
of retinal cells regularly arranged opposite the bases of the visual rods.
The distal ends of the retinal cells are contracted and prolonged into
nerve fibers which unite to form the optic nerve.

The primary eyes are very simple in structure and differ from the
accessory eyes in that they do not possess the corneal hypodermis, iris
cells, and visual rods. The lens consists of a slight thickening of the cuti-
cula with an outer convex surface.

The prothorax (fig. 4) is mostly soft and fleshy, as no sclerites are de-
veloped. In each of its lateral ventral halves there is a large and well
developed trochanter which articulates posteriorly with the first pair of
coxae.

Of the three thoracic regions, the mesothoraxz (figs. 5 and 6) is the
largest, showing a well developed tergum, pleuron, and sternum. Figure
5 represents a dorsal aspect of the mesothorax.

The secutum occupies practically half of the entire mesothoracic area.
Anteriorly it is bounded by a chitinous ridge which on its inner side,
forms a loop enclosing a humplike area, called by Berlese and Leonardi‘®
“gobba del mesotorace”’—the prominence of the mesothorax. Posteriorly
the secutum is separated from the scutellum by the broad, dark-brown
thoracic or interscutellar band.

The posterior half of the mesothorax is occupied by the heart-shaped
scutellum. The pleuron consists of circular sclerites with the wings and
halteres arising between the tergo-pleural sutures.
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Figure 6 represents a ventral aspect of the mesothorax. The mesoster-
num appears like a chitinous rectangular frame with an internal fork-
like struecture, the function of which is evidently to serve as a means of
attachment for the thoracic musecles. A chitinous ridge or linear sternite
is found on the median line of the prosternum.

The metathorax (fig. 6), like the prothorax, is fleshy and poorly de-
fined, especially in specimens treated with KOH. On the ventral side of
the metathorax two long chitinous processes, called the epimera by Ber-
lese and Leonardi,*> run posteriorly between the bases of the halteres
and the third pair of coxae. The second pair of coxae are attached to
similar but shorter structures from the pleural regions. The position of
the two pairs of spiracles in the mesothorax and the metathorax is also
indicated in figure 5.

The abdomen (fig. 3) consists of eight segments and is terminated by
the prominent style or genital sheath, which encloses the aedeagus.

Mouth Parts of Female.—The gross arrangement of the mouth parts
(figs. 7B and 7C) of Aomdiella aurantit and A. citring is homologous to
the corresponding arrangement of the generalized homopteran, and
does not show any marked differences from the Coccidae worked out by
Mark,V Putnam,®?” Moulton,*® Berlese and Leonardi,®® and
Childs.®® The mouth parts are essentially adapted for piercing and
sucking, the food being entirely liquid.

In this discussion, the descriptions will be limited almost entirely to
the more important parts which have a direct bearing upon the strue-
ture and function of the mouth parts.

The chitinous, boxlike framework (fig. 7B) is clearly visible on the
ventral median surface of the female, especially in those individuals
which have been treated with KOH and subsequently stained. Its fune-
tion in the main is twofold: First, it is very important in serving as a
means of attachment for the powerful muscles which govern the pharyn-
geal sucking and salivary apparatus. Second, it protects and supports
the underlying organs.

The framework is broadly triangular in shape, as a result of four pairs
of chitinous arches which enter into its construction. Its base is formed
by a smaller dorsal and larger ventral portion, called respectively by
Mark,®V the “arcus-superior” and the “arcus-inferior.” The portions
which form the laterals of the triangle have been called by the same
author, the “costae’ ; the dorsal ones, costae superiores, and the ventral
ones, costae inferiores. These structures are fused together at their ex-
tremities, forming the rigid boxlike structure. At the apex which points
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posteriorly, sufficient space is left for the passage of the buccal setae,
pharynx, ete.

There are four extremely long, slender, bristlelike setae (fig. TB),
representing the two pairs of modified mandibles and mazxillae. Together
they form the rostralis, in the formation of which the maxillae play the
more important role. The two maxillae are closely united, leaving a small
lumen which serves as a passage through which the liquid food from the
host to the pharynx may pass; on their exterior they are protected by
the mandibles, situated on each side. At its proximal part, each seta gives
rise to a conical body, called the “conus” by Mark.?" Distally each pair
passes through the anterior opening of a curious, highly chitinized,
baglike apparatus, called the clavus. The clavus gradually tapers, form-
ing, with its corresponding arm from the opposite side, a common apex.
‘Within this apical portion, the two pairs of bucecal setae come in close
contact with one another, giving rise to the rostralis. The rostralis runs
posteriorly, making a loop within the erumena. During the larval stage,
the crumena is extremely well developed, extending as far back as the
second abdominal segment. In the case of Warajicoccus Kitao®® de-
scribes the erumena as follows:

A tubular passage, which extends back just below the thoracic ganglion and
terminates in a blind sae, embedded in the connective tissue without lying free in
the body cavity, as stated by some writers. In cross section it is dumb-bell shaped,
its wall consisting of three layers, much as in the integument. The inner layer, ex-
clusive of its innermost part, is fairly thick and weakly chitinized. Next comes the
middle hypodermal layer which is very thin. The outer layer is represented by an
inconspicuous basement membrane.

From the crumena, the rostralis passes upward and so through the
rostrum. Just before birth, and during the subsequent molts, the mandi-
bles and maxillae are found to be coiled up, a pair on each side of the
brain. The mandibles and maxillae evidently arise from their respective
imaginal disks; the latter lying beneath that of the former. These disks
are of hypodermal origin, forming, during each molt, a new set of
mouth parts.

The rostrum (fig. 7C) is but a modified, one-segmented labium, coni-
cal in shape and attached at its base to the ventral side of the thorax.
The lower side of the rostrum forms, as a result of folding, a closed canal
in which the setae lie. Within the rostrum and attached to chitinous
plates are a few muscles, undoubtedly used when the setae are forced
into the host tissue.

The salivary pump (fig. 7C) lies beneath the anterior part of the phar-
ynx and close to the point of junction of the two arms of the clavus. It



440 Hilgardia [Vol. 7, No. 11

consists of a highly chitinized, cuplike structure or cylinder, carrying an
inverted top in the form of a “plunger.” This plunger is flexible, with a
heavy, chitinized, Y-shaped tendon, to the base of which are attached
some powerful retractor muscles. There is no doubt that these muscles
cause the rapid up and down movement of the plunger. A small flaplike
membranous ridge runs around the middle of the plunger. The function
of this flap or ridge is valvular, cutting off, on the down stroke of the
plunger, the flow of saliva from the glandular duect.

The paired salivary branches unite to form a common duet, which
enters the cylinder through the anterior part of the dorsal surface.
Posteriorly the lateral sides of the cylinder curve inward, leaving a
small lumen, which communicates with the general mouth cavity. The
latter is bounded by the lingua (arcus superior) and the labrum (arcus
inferior), close to the extremities of which the bases of the mandibles and
magxillae are found.

There seems to be some doubt as to the actual function of the salivary
pump. In the case of certain heteropterous forms, studied by Muir and
Kershaw, % its mode of operation is described as follows:

“The plunger being retracted by the muscles, draws the saliva from
the ducts into the syringe-barrel. On relaxation of the musecles, the
natural elasticity of the plunger performs the return stroke, closing the
valve and forecing the saliva past the tongue on the base of the labium.”

Berlese and Leonardi,™ who studied several species of coccids, is of
the opinion that the pump draws the saliva from the large paired
glands, instead of only from their common duect. Childs,®® on the other
hand, states that:

The rule for most insects with comparable organs (large paired glands, duects,
and openings -into the cylinder) is that these glands, as a result of an internal
pressure caused by a continual secretion of the cells from within, or from muscular
action, force the juices out. In the case of Epidiaspis piricola, no muscles are to be
found that could perform this function, and, from the make-up of the glands them-
selves, they seem to the writer to be admirably adapted to operate through a presstiie
formed from within. Again, from the make-up of the long, slender, four-pieced
proboseis, it would seem to be impossible to pump saliva into the plant tissues, for
pressure from the inside would disrupt the tube. Necessarily, therefore, if there is a
passage of fluid down this setal arrangement it would have to be done with little or
no pressure.

As aresult of a number of experiments conducted upon live specimens,
the observations of the writer seem to agree more with those of Muir
and Kershaw than with those of Childs. By careful manipulation, so
as not to damage or break off their rostrali, early third-stage females
were removed from the host tissue and placed upon slides directly under
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the microscope. Immediately, a clear, colorless drop of saliva was formed
at the distal end of the rostralis, indicating that saliva does pass down
the latter organ and so into the tissues of the host. That the food juices
pass up and down separate canals within the rostralis was further dem-
onstrated by placing the tip of the latter in a drop of water-soluble
stain. The stain was found to pass up the rostralis, while the continued
flow of saliva was indicated by a clear zone within the drop of stain.

By taking into consideration the length and chitinous nature of the
rostralis, its position within the host tissues, and the rapidity with which
the saliva passes down its whole length, one must come to the conclusion
that a certain amount of pressure is derived from the highly developed
salivary pump. Passage of the saliva from the glandular cells into the
ducts is probably caused, as has been suggested, by an internal pressure,
the saliva being drawn further into the cylinder by the upward stroke
of the plunger. Disruption of the setal tube within the plant would
hardly result from internal pressure, as any such tendencies would be
sufficiently equalized by the surrounding tissues. The toxic action of the
saliva of this species upon the chlorophyl of the host leaf is clearly indi-
cated by the appearance of a yellow streak, running from underneath
the side of the settled insect.

The pharynz (fig. 7C), which opens into the mouth cavity, is some-
what swollen and provided with thick, irregular, chitinous walls, which
abruptly thin down as they come to form the walls of the true esophagus.
To these thick walls, called “uva” by Mark,?") are attached a series of
powerful divaricator muscles passing through the labrum, with their
other extremities attached to the arcus inferior. The function of these
muscles is to contract and expand the pharynx, thereby causing the
liquid food to be sucked up through the rostralis and mouth cavity and
so into the esophagus.

INTERNAL ANATOMY OF AONIDIELLA CITRINA

Morphologists have neglected the Diaspine group in the past, direct-
ing their studies more particularly to the generalized or unarmored
coccids. Berlese and Leonardi® and Childs‘® are the only workers who
have contributed outstanding papers on the internal anatomy of the
Diaspidinae. The former worked on Lepidosaphes vulva, and the latter
on Epidiaspis piricola. It is hoped, therefore, that the following observa-
tions, although not agreeing in all respeects with those of the above-men-
tioned authors, will contribute something to a better understanding of
the internal structures of this very interesting group.
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For the investigation of the internal anatomy the usual methods of
serial sections were employed. Sections varying from 3u to 10p were
cut and subsequently stained on the slide. For staining, both Delafield’s
haematoxylin and Mayer’s haemalum were used, with eosin as a counter-
stain. For sectioning material, early third-stage females were preferred
to the adult or full-grown females, because the latter were found to tear
considerably as a result of their hard, inseparable scales, chitinous cuti-
cula, and the resistance offered by the fully developed ovaries. The
large ovaries with their developing embryos also tended to obscure the
other finer anatomical structures. The majority of these difficulties
became negligible with early third-stage females, as their scale coverings
could be removed with ease, thus leaving only a soft cuticula with
which to contend. The ovaries were still in a developmental stage, and
were thus not sufficiently tough to offer any difficulties in cutting. Direct
dissections were also attempted, but again the fan-shaped reproductive
organs occupying the greater part of the body cavity proved the greatest
hindrance in making such dissections a success. The majority of the
drawings were made with the aid of a camera lucida.

Integument—The structure of the integument is similar to that of
most insects. The whole body is covered by a cuticula which, in well
stained sections, shows two layers, namely, the epidermis and the dermis,
the former being much thinner than the latter. Next beneath the cuticula
is the hypodermis which rests upon an extremely thin and hardly no-
ticeable basement membrane. The hypodermis forms a continuous layer
of cells which change from a columnar type in the median part of the
body, to a fusiform type at both the anterior and posterior extremities.

Digestive System.—Of all sucking insects, perhaps the Homoptera
offer the greatest variation in the form of their digestive systems, most
of them showing an organization which greatly attracts the interest of
the research worker. Even within the Coccidae we find the digestive
system diverging from a more or less straight duct, as in the Disapidinae,
to those which assume a convoluted or recurrent course as has been
demonstrated for members in the other subfamilies such as the Le-
caniinae, Xylococeinae, Coceinae, ete.

Passing anteriorly from the mouth cavity, the pharynz runs into the
thinner walled esophagus (figs. 7C and 8B), which extends further for-
ward until it reaches the base of the cephalic ganglion. It then curves
sharply backward, running between the circumesophageal commissures
into the thorax where it joins the ventriculus. At the point of junetion,
the cardiac valve is found. The esophagus is narrow and of more or less
the same width throughout. Its wall consists of a fairly thick, chitinous
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intima and an epithelium carrying the esophageal glands in the region
where the esophagus curves toward the ventriculus.

Berlese and Lieonardi® state that the ventriculus or stomach is a
closed sac in Lepidosaphes vulva, entirely disconnected from the hind
intestine except for two extremely thin and ductless ligaments which
streteh from the posterior end of the stomach to the anterior end of the
rectum. Digestion, according to them, takes place as a result of the action
of the digestive juices rendering the food contents capable of passing
by osmosis into the main haemocoelic cavity ; the waste substances are
removed from the latter by means of the greatly enlarged Malpighian
tubes.

Childs,® on the other hand, in discussing the relation of the stomach
to the hind intestine in Epidiaspis piricola, gives the following inade-
quate description:

“However (in referring to the findings of Berlese), the writer finds

some sections in his series that show what can hardly be denied to be
direct connections.”
As no further information was available from the rather indistinet
illustrations, the writer is still at a loss to explain what Childs referred
to as “direct connections” ; that is, whether they occur between the hind
intestine proper or the Malpighian bulb, a structure which will be
described later.

From the respective findings of these two authors, it is evident,
therefore, that they are not in agreement on a morphological point,
which is of sufficient importance to divide the Diaspine digestive system
into two separate types, depending on whether or not a connection exists
between stomach and hind intestine. It is possible that certain minor
variations do occur in the different species studied by these authors, but
considering the digestive system as a whole, one is inclined to believe
that the Diaspidinae possess a constant type peculiar to this group. In
the discussion which follows it will be shown that a direct connection
does exist between the fore and hind intestine.

In citrina, as a result of a constriction in the wall of the anterior part
of the ventriculus (fig. 8B), there is found around the cardial valve, a
small antechamber, the function of which is probably comparable either
to that of a sucking stomach or a filter chamber. Posteriorly the stomach
widens, taking on the characteristic baglike appearance. The digestive
epithelium of the stomach consists of a row of irregular cells, with an
occasional one greatly enlarged. These large cells, carrying correspond-
ingly large nueclei, are probably the active, secreting ones, while the
smaller ones are still in a developmental stage. These cells are all poorly
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demarcated and void of any protrusions into the general lumen of the
stomach, giving the surface of the enteric epithelium a smooth and wavy
appearance. This type of structure immediately suggests, in part at
least, Berlese’s osmotic theory of digestion and assimilation. The outer
ends of the epithelial cells rest upon an extremely thin basement mem-
brane followed by the muscular layers.

At its ventral posterior end (fig. 8C), the ventriculus is found to be
definitely connected with a highly nucleated, ovoid body called the
Malpighian bulb (bulbo del peduncolo dei Malpighiana) by Berlese and
Leonardi.” Viewed from a basal aspect this bulblike body, or swelling
of the small intestine, is easily recognized not only by its nucleated
appearance, but also by its median position above the junction of the two
Malpighian tubes. From this aspect the body also seems to be actually
separated from the stomach, a condition which probably led Berlese to
believe that it had no connection with the stomach. The actual connec-
tion, however, is not readily detected because it occupies only a small
area between the anterior-ventral surface of the Malpighian body and
the stomach. The junction of the two well developed Malpighian tubes
at this point also tends to obscure a clear view of the connection proper.
In sections the lumen of the connection appears to be filled with a porous
protoplasmic tissue, as a result of the proximity of the epithelium of the
stomach and the Malpighian bulb.

That digestive activity does take place within the Malpighian bulb,
is indicated by its well developed epithelial layer which consists, as in
the stomach, of irregular, nucleated cells, the outlines of which are not
clearly defined. A short, narrow and slightly curved duet leads from
the posterior end of the Malpighian body, connecting the latter with the
anterior extremity of the rectum. This duct is readily recognized by its
profusely nucleated cells which are closely united around a well marked
lumen.

The rectum (fig. 84), projecting posteriorly, is a comparatively wide
and straight passage lying in the median portion of the body. It grad-
ually tapers down, assuming the character of a narrow canal which
shortly opens to the exterior through the anus situated on the dorsal
side of the pygidium. On one side there is a caecum which was at first
mistaken for a rectal fold. Kitao’® mentions a similar structure in the
case of Warajicoccus. Structurally the rectum is very simple, presenting
only a thin epithelium, the cellular structure of which is extremely hard
to differentiate.

There is only a single pair of large, ecylindrical Malpighian tubes (figs.
7A and 8C) lying in the main body cavity. From their point of fusion
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between the stomach and the hind intestine, the tubes run laterally for
a short distance, turn abruptly upwards and then run posteriorly,
almost to the caudal end of the body. Their posterior ends are attached
to the sides of the rectum, a short distance forward of the anal aperture,
by thin filaments. Structurally the tubes consist of large, polygonal
cells, and have reticulated cytoplasm and distinet nuclei. These cells
stand in conjunction with a central threadlike lumen which runs an-
teriorly, ultimately to open into the small intestine between the stomach
and the Malpighian bulb.

Reproductive System.—As a result of the outward resemblance of
the reproductive system of the female coccid to that of other insects,
past investigators have described it as comparable to the usual insect
type. According to Emeis,” however, such a comparison, except per-
haps in the widest sense, is hardly warranted. Until recently the origin
of the three ovarian elements, namely the nurse cells, egg cell, and
epithelial cells, was very obscure. Leydig,*” one of the earliest investi-
gators, working on Coccus hesperidum, claimed that the nurse cells, egg
cell, and epithelial cells must have arisen from undifferentiated germ
glands. Leuckart®® and Lubbock®® came to the conclusion that these
three elements are all originally undifferentiated cells of the germ
rudiment. Emeis™ failed to show whether the epithelial cells, from
which the egg and nurse cells develop, came from the primordial cells
or from the original mesoderm.

Shinji, " however, in his work on the morphology of the coccids,
showed conclusively that the three ovarian elements are derived from
the primordial germ cells. According to Shinji, the germ cells in the
ovary give rise to a mass of oogonia by means of mitosis. After under-
going a resting period, a few oogonia, situated along the periphery of
the ovary, undergo a last division, giving rise to four odcytes. Shortly
after this'a protoplasmic substance is secreted toward the proximal end.
These three secretory oGcytes nourish the single odeyte located below,
and thus become the so-called nurse cells. The subsequent history of the
odgonium or ovariole is described as follows, by Shinji:

The cytoplasm areas of the fast-growing nurse cells soon come into contact with
one another. Being colloidal in nature, the nutritive substances secreted by the nurse
cells elongate in the direction of the least resistance, which is in this case toward the
egg nucleus. ... The nutritive substance, which is elaborated by the nurse cells, lit-
erally pours over the egg, causing a rapid increase in its size. Epithelial cells which
surround the nurse chamber above never multiply, but those around the egg multiply
rapidly and help to accommodate the protoplasmic substance which pours over the
nurse chamber above. Soon a constriction becomes evident at the junction of the two
chambers, due partly to the ingrowth of the epithelial cells at the base of the nurse
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chamber, and partly to the rapid expansion of the egg and nurse cells. The epithelial
cells surrounding the egg chamber are cubical or elongate ovoid in shape, and active-
ly divide, while those surrounding the constriction are smaller and spindle-shaped.
No mitosis was observed among the latter.

The brief observation made in the course of the present investigation
fully substantiates the findings of Shinji, although he worked upon
three species entirely different from Aonidiella citrina. It is to his excel-
lent paper that the reader is referred for further cytological and em-
bryological information.

The female reproductive system of Aonidiella citrina (fig. 9B) is sit-
uated in the body cavity, ventral to the digestive system, and postero-
dorsal to the main thoracic ganglion. It consists of a pair of ovaries
joined by their respective oviduects to a slender well developed vagina,
and forms a figure much the shape of a capital Y. Each ovary carries a
large number of ovarioles which are closely and irregularly arranged
around the lumen of the oviduct. The ovarioles vary in shape according
to their stage of development. In a fully developed ovariole (fig. 9C)
two regions can be recognized : the first, a proximal chamber containing
a large egg cell with its chorion, protoplasm, yolk, and fat cells; the
second, a distal chamber containing only three nutritive cells with their
large nuclei, and protoplasm of varying density. Since no division takes
place in the epithelial cells surrounding the nurse chamber, this layer is
appreciably thinner than the corresponding one around the egg cham-
ber, where, as shown before, active cellular division continues. A so-
called nutritive cord, starting from a clear protoplasmic center between
the nutritive cells, runs through the narrow connecting neck into the
egg cell where it spreads in a fanlike manner. Its function, as the name
indicates, is for the conveyance of the nutritive protoplasmic substances,
essential for the development of the egg. With the growth of the embryo,
the contents of the nurse chamber are withdrawn into the egg chamber,
with the result that the epithelial layer of the former shrinks to a small
mass. When fully developed, the embryo, enveloped in its amniotic cov-
ering, passes into the lumen of the oviduect.

The opening of the seminal receptacle is found at the junction of the
two oviduets (figs. 94 and 9C). The seminal receptacle is a well devel-
oped blind sac which, in the case of fertilized females, is filled with an
exceedingly large number of male sperm cells. Located posteriorly of
the junction is the vagina, which is a relatively wide canal with its open-
ing on the ventral surface of the body, between the fifth and sixth ab-
dominal segments. Just forward of the opening, the wall of the vagina
forms a slight dilatation or uterus. It is probably in the uterus that the
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embryo loses its amniotic covering, shortly to appear as a free-moving
nymph. Numerous unicellular glands are found around the uterus,
" while the wall of the vagina itself is of thick intima covered externally
by a layer of muscles.

The male organs (fig. 104) vary remarkably in structure according
to the different metamorphic stages. In this discussion only those of the
adult male will be briefly considered.

Occupying the dorso-lateral space of the body cavity and situated
above the alimentary canal is a pair of large, ovoid testes. Each testicu-
lar lumen is homogeneously filled with a mass of coiled, threadlike sper-
matozoa. Ledding from the testes are the paired vasa deferentia; the
latter are short and thick, each having a lumen surrounded by a well
developed epithelium. The vasa deferentia unite with a long and slender
ejaculatory duct which, after a few convolutions, opens posteriorly into
the style. The ejaculatory duct is provided with a chitinous-walled lu-
men surrounded by a stratum of epithelial eells, which is followed by a
coat of muscular tissue. No vesicula seminalis or accessory glands were
found to be present.

Central Nervous System.—The central nervous system (fig. 11B) is
comparatively well developed for such an inactive insect as Aonidiella
citrina. It consists mainly of a cephalic ganglion and a thoracic gang-
lion or thoracico-abdominal center. The latter is the result of an ad-
vanced degree of centralization and fusion of the thoracie and the
abdominal ganglia, with the further incorporation of the subessopha-
geal ganglion. No ganglia or nerves representing a sympathetic system
were found.

The cephalic ganglion (figs. 11B and 11C) or brain, situated forward
of the mouth region, consists of a bilobed body sending out, from its
anterior end, two pairs of nerves: the inner pair representing the ocular
nerves, and the outer and shorter pair, the antennal nerves. Of the three
cerebral regions, the tritoecerebrum, projecting downward, is the only
one that is clearly distinguished ; the other regions, as a result of the loss
of eyes and antennae, are rudimentary and difficult to differentiate.
From the supero-posterior part of each brain half arises an esophageal
nerve commissure which extends backward, passing on the outside of
the esophagus, and continues posteriorly, connecting with the thoracic
ganglion (figs. 10D and 110).

The thoracic ganglion (fig. 114) is a prominent, compressed body, sit-
uated in the median portion of the body. It consists, as said before, of
five pairs of ganglia fused together, representing the subesophageal
ganglion, the three thoracic ganglia, and the abdominal ganglion. The
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component thoracic and abdominal ganglia each give off lateral nerves
which further divide into smaller nerves supplying the body organs.

Surrounding the medullary ‘“Punkt aubstanz” (fig. 10D) of the ce-
phalic and thoracic ganglia, there is a well developed cortical layer
made up of numerous ganglionic cells. Each ganglinoie cell contains a
well defined nucleus which, exclusive of the periphery, takes up the
haematoxylin stain very rapidly. The ganglia, as well as the nerves, are
further enveloped in a thin, transparent membrane or epineurium.

In regard to visible response to external stimuli, a similar condition as
noticed by Childs‘® in Epidiaspis, also held true here :

The only movement that could be noticed was that of the drawing in or telescop-
ing of the posterior region when touched with a needle. This shortening takes place
through the contraction of the segments. No other movements of the body were ob-
served in response to other stimulants, such as light, heat, and water.

Respiratory System.—Aonidiella citring possesses a respiratory sys-
tem more or less characteristic of the entire Diaspine group. The whole
system was studied with ease by examining early third-stage females
under the microscope. Specimens, unattached to their scale coverings,
were mounted opposite a small, solid-black area on a microscopic slide,
either in water or glycerin. By this method the silvery-white trachea
stood out against the black background. The general arrangement of the
tracheal system is shown in figure 11B. Only the outstanding trunks and
branches are indicated, as the minor branches with their ramifications
among the internal organs, form a very complex system, and it would
serve no useful purpose to try to represent them here.

The respiratory system (figs. 10B and 10C) consists of two pairs of
stigmatic openings or spiracles, placed equidistantly on the ventral sur-
face of the body, well within the margin. The anterior pair of spiracles
is called the mesothoracic spiracles, and the posterior pair the metatho-
racie spiracles. The supplementary dorsal abdominal spiracles (men-
tioned by Newstead®*® as being present in Stigmacoccus and Perisso-
pneumon of the Monophlebinae, and by Oguma®® in Xwylococcus of
the Xylococcinae) do not oceur in the Diaspinae. The tracheae are num-
bered and named, according to the original areas they cover, and to their
corresponding homologies in the free-moving nymphs.

Each mesothoracic spiracle forms the opening of a short, wide trunk
which immediately branches internally, giving rise to branches a, 15, b,
2, and c. '

Branch a divides, giving rise to the ocular (16) and foreleg (17) tra-
cheae.
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Branch 15 covers the antennal area and becomes forked toward its
extremity.

Branch b divides, forming the anterior (18) and the posterior (19)
tracheae of the mouth region, and also the dorsal anterior trachea (6).

Branch 2 traverses the middle of the body and joins its fellow from
the other side, thus forming the mesothoracic transverse tracheal trunk.
Before this fusion is made, the longitudinal thoracie tracheal trunk (5),
the original middle leg trachea (11), and the ventral thoracic trachea
(1), are given off. About halfway down trunk 5, the median lateral tra-
chea (14) branches off.

Branch ¢ divides, giving rise to the posterior (12) and the anterior
lateral tracheae (13).

Each of the metathoracic spiracles also leads into a short trunk which
immediately divides into seven branches. These are:

Branch 5b passes anteriorly and unites with branch 5a of the meso-
thoracie spiracle, thus forming the longitudinal thoracic tracheal trunk.

Branch 10 is the original wing trachea.

Branch 9 is the original hind leg trachea.

Branches 8, 3, and 7 form the posterior abdominal tracheae.

Branch 4 (as with branch 2 in the mesothorax) unites with its mate
from the other metathoracic spiracle, thus forming the metathoracic
transverse tracheal trunk.

The aperture of the spiracle itself is surrounded by a chitinous rim
(fig. 10C) which is continuous ventrally with what is known as the
muscle plate. The opening leads into a chamber called the collar cham-
ber, which extends on each side, forming two small lobes. At the base of
the chamber, ridgelike processes were noticed projecting into the lumen.
These projections, together with muscles running to the muscle plate,
probably constitute a closing apparatus, similar to that which was
shown by Savage®® to be very well developed in Monophlebus (Mono-
phlebinae). Although longitudinal and cross sections of the tracheal
trunks were examined, in no instance was the presence of taenidial rings
detected. ‘

Dorsal Vessel.—List,*® working on the internal anatomy of Orthezia
cataphracta, is perhaps the only worker who has definitely described a
dorsal vessel for a member of the Coccidae. He writes :

Bei Herauspriparation des Darmes und der Malpighi’schen Gefasze gelang es
mir, einen aus zarten Wanden bestehenden Schlauch, der an der auzeren Membranen
der Malpighi’schen Gefasze haftete, zu beobacten. Er lag auf der dorsalen Seite der-
selben, hatte eine bedeutende Lange und musste, so viel ich aus derselben schatzen
konnte, bis in der vorderen Theil des Thorax reichen.



450 Hilgardia [Vol. 7, No. 11

The presence of such a complete organ of circulation in the Coccidae
has subsequently been doubted by Oguma®*® and other investigators,
with the result that at present the Coccidae are quoted as not possessing
an organ comparable to the dorsal vessel in other insects. Blood circula-
tion in this group is described as taking place by the contraction and
expansion of certain body cavities, especially the pericardial sinus.

After a thorough study was made of all the internal organs, the writer
became fully convinced that Aomidiella citrina does possess a dorsal
vessel (fig. 124). A highly nucleated duet is found running from the
caudal extremity of the body, through the thorax, and into the head
where it terminates in the region of the cephalic ganglion. It follows
throughout the median dorsal line just beneath the integument. Longi-
tudinal and cross sections through the stomach show the dorsal vessel to
be in close association with the outer wall of the latter. Posterior to this
portion it widens appreciably to form the heart, after which it tapers
down to a fine tube toward both the abdominal and cephalic regions.

Because of the delicate nature and small size of the dorsal vessel, not
much could be learned about the details of its structure, or of the
absence or presence of ostia and aortic valves. However, its walls are
decidedly cellular, the cells showing a large number of nuclei regularly
arranged around a fairly distinet lumen which is further surrounded
by a more or less granular protoplasm. The cells are covered externally
by a muscular layer, the fibers of which are extremely hard to detect.

Additional evidence as to the presence of a dorsal vessel was brought
out by the direct examination of live specimens under the microscope.
Studied from a dorsal aspect, a steady and regular pulsation was no-
ticed dorsad of the stomach and at the same position that the dorsal
vessel was located in the stained sections.

Glands.—The glands of Aonidiella citrina are of four types: salivary,
wax, pygidial, and esophageal.

The saltvary glands (fig. 12B) are paired, tubular, lobelike structures
situated on each side of the fore intestine, and occupying practically the
whole of the lateral parts of the mesothorax. Each gland consists of
numerous glandular cells arranged radially around branched duects
running from the lobelike structures. The cells or acini are surrounded
by a thick layer of granular cytoplasm in which are imbedded numerous
large nuclei. The branched ducts open into a common median duect
which pursues an inward and forward course. When in close proximity
to the mouth region, this median duct turns inward, uniting with an-
other from the opposite corresponding gland, to form a common outlet,
opening into the side of the pumping apparatus. Throughout its whole
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length, the duct exhibits a narrow but distinet lumen which is lined with
a thick, chitinous intima.

Because of their variation in form, size, and location, the waz glands
(fig. 12D) play an important part in the classification of the Coccidae.
In the generalized or unarmored coceids, like Lecanium, Xylococcus, or
Orthezia, the openings of these glands are scattered over the whole
cuticula of the body. In the specialized or armored coceids, the openings
are situated in more definite groups toward the posterior end. They may
be limited to the lateral halves of the pygidium, where their openings
are more or less arranged in three marginal lines on the dorsum (figs.
24 and 2C), as in Aonidiella citrina, or an additional group may be
found around the genital opening, the latter being known as the circum-
genital glands.

Figure 12D shows the structure of one of these wax glands. Each open-
ing forms the outlet to an extremely long and slender invaginated tube,
known as the ceratuba. At its anterior extremity, each ceratuba is con-
nected to a highly chitinized, perforated, knoblike structure, which
forms a reservoir for the reception of the substances secreted by the
central wax gland and the two lateral or accessory glands. The central
wax gland consists of an anterior apical, and a posterior eylindrical
region, the two being connected by a relatively short stem or neck. Both
these regions stand in conjunction with a narrow duct, which, running
posteriorly, opens into the chitinous reservoir. The apical region is
typically glandular in structure, containing a large nucleus; the pos-
terior cylindrical region, in addition to being glandular, possesses a
layer of cells arranged around the common duect, similar to those found
in the salivary glands. The paired, unicellular accessory glands which
open into the chitinous chamber, on each side of the wax gland opening,
differ somewhat from the latter, both in shape and structure. They are
more ovoidal and each contains a smaller, though clearly visible, nucleus
toward the distal end. Their protoplasmic masses, moreover, are more
homogeneous throughout, hardly showing any vacuoles or glandular
intrusions. The outstanding difference, however, is their peculiar
lumens which, as a result of five or six projecting processes, take on a
branchlike appearance. Each lumen tapers posteriorly to form a short,
excretory duct which opens into the reservoir.

According to Berlese and Leonardi,® the accessory glands secrete a
varnishlike substance, which forms a protective layer around the wax
thread as the latter is produced by the central wax gland. This theory
is quite plausible, as the hard texture and the polished appearance of
the female scale covering is probably due to this varnish.
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The pygidial glands (fig. 12C), so called because of their similarity
to those of other insects, are paired organs situated posteriorly on each
side of the hind intestine. Their respective ducts unite to open shortly
in close association with the anus. Each gland is composed of many
multicellular lobelike bodies surrounding a poorly defined internal duct.
The function of the pygidial glands is not known, but it is very probable
that they are also for wax production.

The esophageal glands, as pointed out in connection with the strue-
ture of the esophagus, are present as small, glandular cells imbedded in
the epithelium of the latter.

SUMMARY

The yellow scale, Aonidiella citrina (Coq.), is here recognized as a
distinet species and not as a variety of the red scale, Aonidiella auranti
(Mask.). This segregation is made as a result of evidence based upon a
comparative study of their ecology, biology, and morphology.

Although not well defined in their distribution, the yellow scale seems
to prefer the warmer valleys and foothills of the interior, while the red
is more abundant closer to the coast. .

The red scale attacks all parts of the host tree, whereas the yellow is
limited almost entirely to the leaves and fruit.

Reared under similar conditions, the yellow scale completes its life
cycle in about 65 days and the red scale in about 60 days, giving an
approximate difference of 5 days.

Structural differences are noticed in the pygidial fringes of the two
scales. Apart from possessing slenderer lobes and minor variations in
the median plates, the pygidium of the yellow scale shows the presence
of a fourth lobelike process. Differences in color and texture of the scale
covering are also noticed.

In addition to a comparative study of the two species a study was
made of the anatomy of Aomidiella citrina, which is summarized
herewith.

The digestive system is relatively short and straight, with the eso-
phagus and ventriculus showing the highest degree of development. In
opposition to Berlese’s finding, a definite connection is found between
the ventriculus and the small intestine. The gastric epithelium consists
of large cells which do not project into the lumen of the ventriculus.

The female reproductive system consists of two well developed ovaries
connected to each other in the usual Y-shaped manner. Each ovary
carries numerous ovarioles in different stages of development. A fairly
large seminal receptacle occurs at the point of fusion of the two ovaries.
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The male organs are of the usual type, namely, a pair of testes opening
into a long style or penis. ’

The central nervous system is well defined and consists of two main
regions, namely, the cephalic and the thoracic ganglia, the latter having
been formed as a result of the fusion of the component subesophageal,
the thoracice, and the abdominal ganglia. Antennal, ocular, and lateral
nerves are found.

The respiratory system is composed of well developed tracheae which
ramify through the whole body. Two spiracles are found on the median-
ventral surface of the body. The tracheal branches are classified accord-
ing to their position.

A profusely nucleated dorsal vessel, consisting of a heart and aorta,
runs practically the length of the body just below the dorsal surface.
A definite pulsation is noticed.

Salivary, wax, pygidial, and esophageal glands are discussed.
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ABBREVIATIONS USED IN THE FIGURES

....abdominal ganglion
...accessory gland
...antechamber
antenna
....antennal histoblast
...antennal nerve
arcus inferior
....arcus superior

b.sut........ basal suture
budfr......... buccal frame
bu.mscls...buccal muscles

......connection
..costa superior

d.ac.eye....dorsal accessory eye
div.mscls..divaricator muscles
dor.v...

....egg cell
...ejaculatory duct

..'.:esophzgeal com-
missures
....esophageal gland

f.ep..........follicular epithelium
f.leg.........fore leg
gen.hist.....genital histoblast
ger.c. ..germ cells

..gland cells

..glandular duct
..gland opening
....groove b SO retina

..seminal receptacle
..stem or neck
..style or penis

....subesophageal gang-
lion
. testis
. ..Malpighian body (bulb) .thoracic ganglion
m.cav.......mouth cavity Tp.... triangular lobelike
m.du .median duct process
mes.p.......mesothoracic promi- tra....... trachea
nence

mes.sp.....mesothoracic spiracle tro.......: trochanter
met.sp...... metathoracic spiracle

mscls........ muscles
m.st.. ..mesosternum
m.th......... metathorax
m.tub....... mouth tubercle
v.ac.eye....veniral accessory eye
...nurse cell vag......... vagna

vasa deferentia
ventriculus
visual rods

nucleus

..wing
..wing histoblast
..Wax reservoir
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Fig. 1. Metamorphosis of the male. 4, second stage; B, prepupa; C, pupa; D, longi-
tudinal section through head of an adult male showing structures of dorsal and
ventral accessory eyes. Explanation of abbreviations used in this and succeeding
figures will be found on page 456.



458 Hilgardia [Vol. 7, No. 11

'

Y /\( AR E /

Fig. 2. 4, pygidia of yellow scale, showing fourth lobelike process; B, median
plates of yellow scale; C, pygidia of red scale; D, median plates of red scale.

Fig. 3. Adult male of donidiella citrina (x 47).
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Fig. 5. Dorsal view of mesothorax of adult male of Aonidiella citrina.



460 Hilgardia [Vol. 7, No. 11

Fig. 6. Ventral view of mesothorax and metathorax of adult male of
Aonidiella citrina.
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Fig. 7. 4, digestive system of Aonidiella citrina; B, buccal frame (diagrammatic) ;
C, longitudinal section of mouth parts.
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Fig. 8. 4, horizontal section showing hind intestine; B, longitudinal section show-
ing esophagus and ventriculus; C, horizontal section showing connection between
ventriculus and Malpighian body.
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Fig. 9. 4, longitudinal section of oviduct of donidiella citrina; B, female
reproductive system; C, horizontal section through an ovary.
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diagrammatic sketch of a spiracle; D, horizontal section

showing esophageal commissures connecting with thoracie ganglion.

c,

, male reproductive system of Aonidiella citrina; B, respiratory system
K

Fig. 10. 4
(semidiagrammatic) ;
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Fig. 11. A4, horizontal section through thoracie ganglion, showing fusion of sub-
esophageal, thoracie, and abdominal ganglia; central nervous system; C, horizontal
section through cephalic ganglion.
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Fig. 12. 4, longitudinal section showing dorsal vessel and heart; B, horizontal
scetion showing salivary glands; C, pygidial glands; D, a wax gland.





