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Studies on the Ovatial Development of Armored Seales
(Homoptera ! Diaspididae) with . Special Reference to lis

Seasenal Changes and Applicatien to Forecasting,

Hideo TAKEZAWA

Swmmary

The author studied in detail the form of ovary and the egg development in the ovary, the
seasonal prevalence of egg number in the ovary, the seasonal prevalence of the ovarial
maturation and the number of eggs and larvae found under the scales with female adults of
nine major species of armored scales infesting on woody plants, i ¢, arrow-head scales,
Unaspis yanonensis Kuwana ; euonymus scales, Unaspis euonymi Comstock; camellia scales, Parla-
toria camellice Cmostock; peony scales, Pseudaonidia paeonidae Comstok; Chrysomphalus bifasci-
culatus Ferris; Pseudaulacaspis cockerelli Cooley; Pseudaulacaspis prunicolla Maskell; Lepidosaphes
pini Maskell; and Lepidosaphes pallide Maskell,

Based on these studies, the accurate number of generations was determined along with the
development of a new means of forecasting the occurrence using the ovarial maturation as
an indicator, The results of the studies are described below.

1. Change of the Ovarial Maturation of Major Species and Analysis of Seasonal Preva-
lence of Occurrence of First Instar Lavae

{1} As to the formof ovary and the development of eggs in the ovary, the following
results were obtained,

The reproductive organ of female adults of nine species examined, consists of a pair of
oviducts, a common oviduct, a spermatheca and apical filament, with almost no appreciable
basic morphologicl differences among the species,

The ovarioles of all the nine species are of a meroistic and telotrophic type,In the case
of arrow-head scale, the opening region of the ovariole extends from the oviduct to the
front end of the common oviduct, whereas in other species it exists only in the oviduct. In
the case of peony scales the spermatheca is not independent but is united with the common
oviduct, whereas in other 8 species it branches off either halfway from the common oviduct
or to the dorsal side at nearly the divergence spot of the oviduct. Development of eggs
in the ovaricle takes place in any species, while increasing their volume with vaccumulation of
yolk grains, as the egg cells develop. However, the eggs are not deposited even if they are
completely matured, but deposited at the stage when the embryos have developed inthe ova-
riole.

The degree of embryonic development at the time of egg-laying varies with the species.
The egg-laying takes plance at the time of complete embryonic development in the oarrow-
head scale, at the last stage of embryonic development in Chrysomphalus bifasciculatus Freeris,
the cuonymus scale and Pseudaulacaspis prunicoila Maskell; in the middle stage of ombryonic

development in Pseudaulacaspis cockerelli Cooley, and the peony scale; in the first to middle
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stage of embryonic development in the camellia scale and Lepidosaphes pini Maskell; and dur-
ing the developing stage in the carly stage of embryonic development in Lepidosaphes pallida
Maskell, respectively,

(2) Under the natural field conditions, the seasonal prevalence of the number of eggs
and larvae under the scale was examined, and the following results were obtained,

The occurrences of eggs and larvae under the scale of the arrow-head scale are tiwce a
vear, and its prevalence curve of occurrences showed distinctly two peaks. Furthermore,the
number of larvae under the scale and that of larvae dispersed and settled on leaves showed
approximately identical seasonal prevalence in both the first and the second generations,
This fact suggests that the survey on the number of the first  instar larvae under the
scale make it possible to know the trend of occurrence of the first instar larvae that dis-
perse and settle on leaves.

By the same investigation on each of the other 8species, the yearly number of ocecur-
rence as well as the trend of occurrence of each generation of eggs and larvae under the
scale were disclosed,

{3) On the basis of the maturation of eggs in ovaries and the progress of embryonic
development, it is possible to classify the degree of maturaton of eggs In ovaries and that
of ovaries in female adults of the 9 species examined into the following four types.

Type 1! The eggs in which no accumulation of yolk in egg cells is observed, or the
ovaries having only the eggs in this stage,

Type II: The cggs during enlargement and development with yolk accumulated inegg
cells, or the ovaries in which the most developed egg is of type II.

Type . The eggs during embryonic development from the matured egg (without for-
mation of eye spots) in which the nurse cells have been absorbed by egg cells
and disappeared, or the ovaries in which the most developed eggs belong to
the type II.

Type N: The eggs in which embryonic development has progressed to form eye spots,
or the ovaries in which the most developed eggs belong to type .

(4) By adopting the presence of eggs and larvae under the scale and that of chorions
{egg shells after hatching) as an indicator, it is possible to know accurately the seasonal
change of egg laying under the scale and that of hatching of the deqosited eggs of female
adults of the 9 species through classification into the following five cases,

i Eggs are spotted under the scale.

ia ! Eggs, eggshells and larvae are spotted.

ith 1 Both eggs and eggshells are spotted,

iii I Both larvae and eggshells are spotted,

iv ! Eggshells alone (sometimes with died larvae) are spotted.

(5) By investigating the seasonal prevalence of the number of eggs in ovaries at differ-
ent development stages under natural field conditions, the following results were obtained,

In any species, the prevalence curve of the number of eggs in female adults of each gen-
er(ation advanced at a certain interval and ran in parallel with that of the number of eggs
and larvae under the scale. The prevalence curve of the number of eggs contained in fe-
male adults of the arrow-head scale at each development stage {eggs of types II, I and

N) showed a periodic change ———a distinct two-peak type in the hibernating generation and
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a roughly three-peak type in the first generatiorn. Furthermore, the number of days between
the first and second peaks in the prevalence of egg numbers in the types Il and IV, was
about 35 days in the hibernating generation and 20 days in the first generation This number
of days coincided almost completely with the number of days between the peaks in the prev-
alence curve of the number of larvae under the scale in the first and second generations,
and between the peaks of the numbar of the first instar larvae which dispersed and settled
on leaves,

In all 9 spcies alike, a tendency in which the quantitative change of the mean number of
eggs contained in a female adult at the time of its peak agrees roughly with that of the
mean number of eggs and larvae ‘under the scale of a female adult was noted in each gen-
eration,

(6) For all species alike, the insect collection was made together with the plants on
which each species lives, at an interval of 4 — 5 days as a rule, and investigations of all
female adults discovered at each time on whether the oviposition had been finished or not,
whether the larvae had appeared or not, and the degree of ovarial mturation realized such
a result that in every species the ovaries of female adults develop along a very regular
course before laying eggs under the scale. Further, it became clear that of the 9 species
examined, the arrow-head scale and the euonymus scale start egg laying after the ovary
has developed to type W, and that the other 7 species start egg-laying after the ovary
has developed to type TI.

(7) In the occurrence pattern of the first instar larvae of the first generation of
the arrow-head scale, the following were clarified.

According to the investigation on the degree of maturity during the hibernating period, 80
per cent of the female adults were matured and the other were immature. Many of the im-
mature adults died after hibernation, and the main group of female adults concerned in the
occurrence of larvae of the first generation in the next spring was presumed to be the ma-
tured female adults. In the hibernated femal adults, the appearance of larvae was initiated
in a very short period—during the second and third ten days of* May —— with a rest
once in the midway, thus showing an occurrence of prominent two peaks, The occurrence
of two peaks of larval appearance in the first generation was concluded to be due to the
resting period observed in the process of egg production in the ovary, in which the ovary
ceases to produce egg.

2. Application of Survey of Ovarial Maturation to Forecasting Insect Occurrence.

As a result of the above study, it became clear that the change in the degree of ovarial
maturation and the development of eggs under the scale are so regular that they can be
used as an adequate indication for forecasting the date of occurrence of the first instar
larvae. Although the period required for the ovarial maturation and the development of eggs
under the scale involve some error due to yearly variations of atmospheric temperature,
such error is considered to be within the negligible range in practical applications.

(1) For the arrow-head scale, the following became clear.

Forecasting of the occurrence date of the first instar larvae ! If the date of 50% appear-
ance of female adults whose ovaries have matured to or more than type Il (having the eggs
of blastoderm formation) is determined by dissecting the female adults of hibernating gener-

ation and observing their ovaries, the date of 50% occurrence of the first instar larvae
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in the first generation can be forecast about 2 months ahead. The dates of 50% occurrence
of the first instar larvae inthe second generation can be forecast about Imonth ahead by
observing the date of 50% appearance of female adults of the first generation whose ova-
ries have murtured to or more than type [l (having eggs in the yolk formation).

Forecasting of the occurrence pavtt(::rn of seasonal prevalence of the first instar larvae’
It is possible to forecast the pattern of seasonal prevalence of the first instar larvae of
the first and second generations by invaestigating the prevalence of the number of eggs in
the embryonic development stage of female adults (eges of the type Il and §) in the hiber-
nating generation and the first generation, Furthermore, the number of eggs in the embryonic
development stage at the date of the first oviposition and around the 45th day thereafter
for fhe female adults of hibernation generation, and the same at the date of first ovipos-
ition and around the 25th day thereafter for the female adults of the first generation re-
spectively are important indications for determining the number of production of the first
instar larvae in the first and second generations., ¥or the female adults that live under the
natural field conditions, it is possible to estimate the number of generations in a year and
the time of oviposition of female adults by investigating the seasonal fluctuation of thé
number of female adults by the degree of ovarial maturation {%) and the number of female
adults oviposited under the scale {(%).

Change of generations ! The difference between two successive generations can be distin-
guished by collecting periodically the female adults under the natural conditions, and inves-
tigating individually the degree of ovarial maturation, oviposition and hatching conditions
of deposited eggs. As a result, female adults of hibernating generation were seen to live
up to the first 10 days of August. The female adults of the first generation appeared from
the first 10 days of July, and some of them entered the hibernating stage as they were.,
The female adults of the second generation appeared in or after the first 10 days of sep-
tember and about 80% of the adults were found to hibernate after their ovaries have ma-
tured to type [ within the year, and the rest of about 20% to hibernate after the matu-
ration to type 1.

(2) Also for the other species, the forecasting method using the same technique as in
the arrow-head scale was studied, and the following results were obtained.

Forecasting of the occurrence date of the first instar larvae of the first generation ! In
the female adults of hibernating generation, it is possible to forecast the date of 50%
occurrence {in the euonymus scale, the date of 50% occurrence of the mother insects
whose eggs under the scale have hatched) about 1.5— 2 months ahead, i e. about 1.5months’
ahead in the cases of the cuonymus scale, Chrysomphalus bifasciculaius Feeris, Pseudaulacaspis
prunicolla Maskell, Pseudaulacaspis cockerelli Cooley and Lipidosaphes pallida Maskell, and about
2 months ahead in the cases of the camellia scale, peony scale and Lepidosaphes pini Mask-
ell, by obtaining the date of 50% occurrence (date of 75% occurrence for the camellia scale)
of female adults whose ovaries have matured to or more than type [l (having eggs of bla-

stoderm formation).

Forecasting of the date of occurrence of the first instar larvae in the second generation .
In the female adults in the first generation, it is possible to forecast the date of 50%
occurrence of larvae under the scale in the second generation about 0.5-1.5 months ahead

i. e. (about 0.5 month ahead in the case of Pseudaulacaspis prunicolla Maskell, about 1 month
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ahead in the cases of the euonymus scale, Chrysomphelus bifasciculatus Feeris, Pseudaulacaspis
cockerelli Cooley, Lepidosaphes pini Maskell, and Lepidosaphes pailida Maskell, and about 1.5
months ahead in the case of the camellia scale), by determining the date of 50% occurrence
of the adults whose ovaries have matured to or more than type II (having eggs in the yolk
formation stage).

Forecasting of ithe date of occurrence of the first instar larvae in the third generation :
It is possible to forecast the date of 50% occurrence of larvae under the scale in the
of  Pseudaul-

acaspis prunicollec Maskell, and about 1 month ah=ad in the case of Lepidosaphes pallida Ma-

third generation about 0.5— 1 month ahead {absut 0.5 month ahead in the «c:

skell) by the same investigation on the female adults in the sscond  generation as that on

the adults in the first generation.

I'orecasting of occurrence patterns of the first instar larvae under the scale @ TFor all
generations of 8 species alike, it is possible to forecast the occurrence patiern of the
number of eggs and the first instar larvae under the scale in. respective generations by
investigating the fluctuation of the number of eggs in the adult ovary (the number of egg's
in the embryonic development stage in both species of the euonymus scale and Chrysomphalus
bifasciculaius Feeris and the total number of eggs in other species). Furthermore, for all

generations of respective series alike, the number of sggs contained in female adults:around

the date of first oviposition (the number of ogzgs in the embryonic development stage for
both species of euonymus scales and Chrysomphalus bifasciculatus Feeris and the toral number
of eggs in other species) becomes an important indication for esiimating the numbers of
occurrence of eggs and the first instar larvae under the scale.

For the female adults that live under the natural field conditions, by investigating the
seasonal prevalence of the number of adults classified, according to the degree of ovarial
maturation (%), the number of oviposited adultz (%), and the number of female adults
whose eggs under the scale have hatched (%), it is possible to estimate the number of

generations in a year, the time of egg deposition under the scale as well as the hatching

4
time of larvae,

Change of generation | It is possible to distinguish between the two subssquent generations
by collecting periodically the female adults under the natural conditions and investigating
the degree of ovarial maturation, and conditions of oviposition and hatch of deposited eggs.
As a result, the time of occurrence of female adulis in every generation of respective
species was clarified. (Refer ro Fig. 50.)

3. Optimum Timing for Scale Insect Control

For the 9 species examined, the period from date of cumulative 80 percent occurrence
of the number of the first instar larvae under the scale to the date immediately bafore
the appearance of female adulis of the next geraration is obtained as the optimum timing
for the insect control and it was clarified that in all species alike, the duration of opti-
mum timing for the control during the larval occurrence period in each generation is the
longest in the first generation and tends to become progressively shorter as the genera-
tion proceeds. From the praciical point of view, it is suggested that the optimum timing
for control common to the 9 species examined is the time of occurrence of larvae of the

i

first generation, and it is al!so concluded that the optimum timing is about the middle 10

days of June.
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