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with sclerites separated and spread on a slide, reveal a wealth of 
characters which can not be seen otherwise. 

Those who work with living insects as discrete any unit that 
exhibits distinctness of any character whatsoever, physiological, func­
tional, ecological, biological, or otherwise. Generally units below the 
level of morphological species are screened out by means of some 
biological phenomenon, these biological units, whatever they may be 
strains, races, varieties, subspecies, sibling species can not be disregarded. 
In applied biological control, the biological characters of a parasite 
may determine its value. From this it does not necessarily follows 
that they have a corresponding value in systematics (Flanders, 1953). 

The taxonomic value of the biological charaters in Aphytis is 
largely a matter of conjecture. Then too, these characters are often 
unreliable. The same stock may exhibit one character in one phase 
or environment, and a different character in another phase or environ­
ment. Many of the lesser units are knO\vn only by the biological 
phenomenon that originally revealed them. The unit below the level 
of morphological species are regarded as components of a species and 
are called biological units (Compere, 1955) 

The present distribution of Aphytis has been greatly influenced 
by the transportation of scale infested plants in commerce. There is 
every reason to believe that some species of AjJhytis were thus dis· 
tributed widely when living within the scales as eggs, larvae, and 
pupae. For this reason present day distribution is regarded as having 
little or no systematic value in the determination of species of Aphytis. 

In systematics it is important to know the native home of a 
species and its variations throughout its range under natural condi­
tions. The Aphytis diaspidis of Japan is different in coloration of 
club, funicle joints and cloud beneath the stigma 'than standard 
diaspidis. 

Difference in the mode of reproduction mayor may not be valid 
evidence of distinctness. Some forms of Aphytis reproduce generation 
after generation without the appearance of any males, and then in 
different phase or in different environment, produce males in abund­
ance; or the reverse of this may occur. In some forms, mating seems 
to be essential for continued reproduction; in other forms males are 
not known. 

The object of this paper is to study the systematic and biology 
of the genus Aphytis Howard and their mass propagation. 

ECOl'OMlC IMPORTAl\CE 

The genus Aphytis is of world·\vidc distribution. So far as known, 



26;-

the species of this genus are essentially primary parasites. They 
parasitize the scales of the family Diaspididae. All or nearly all the 
most injurious pests of this family are parasitized by one or more 
species of Aphytis. The species of this genus are the most common 
parasites of these scale insects and LeBaron was the first entomologist 
"vho observed the importance of these parasites in 1870. The first 
attempt to control a scale pest by the introduction of a parasite was 
initiated by LeBaron in 1870-1871, when Aphylis mytilaspidis (LeBaron) 
was transported from Geneva, Illinois, where it \",as abundant, to 
Galena, Hlinois, where it was not supposed to occur. This was an 
attempt to control oyster·shell scale, Lepidosaphes ulmi Linnaeus 
(Howard, 1881, p, 355). 

Presumably, largely on the basis of LeBaron's work, Hmvard (1881, 
p. 355) stated that these parasites were the most important factor in 
determining the abundance of oyster·shell scale. Fourteen years later, 
with special reference to Aphy!is mylilaspidis, Howard (1895, p. 8) 
concluded that the value of these parasites in the control of scale 
insects had been greatly overestimated. 

In connection with Howard's later appraisals it should be noted 
that he valued the parasites largely on the basis of whether they 
control their hosts satisfactorily or not, as if there are only t\VO 
ratings, effective and noneffective. In reality there are probably many 
degrees of effectiveness. It seems evident that some pests were more 
injurious in the past than they are at present, \vere it not for the so 
called ineffective parasites that prey upon them. 

In England, A. D. Imms (1916) made a careful study on the biology 
and economic importance of Aphytis rnyt£laspidis, a parasite of Le· 
pidosaphes ulmi and concluded that it was of little value there. 

In California, Quayle (1910, 1911) studied Aphytis chrysomphali 
Mereet, a parasite of Aonidiella aurantii Maskell in both laboratory 
and field and reported that it was of little importance as it could not 
check the population of the pests. Parry Jones (1935) worked on the 
same parasite and same host in the extensive citrus plantings of the 
Mozoc Estates of Southern Rhodesia and stated that it was of slight 
value there. Stofberg (1937) remarked that Aphyt£s chrysomphali was 
unable to control the heavy infestations of Aonidiella auraJltii in the 
Union of South Africa. 

NO\v it was observed by different entomologists and the author 
himself that the species of the genus Aphytis are the most effective 
natural enemies to control the scale insect pests in different parts of 
the world. So, the species of this genus are introduced in Israel, 
Pakistan and California to control the scale insect pests of citrus 
from China and other parts of the world where these species are in 
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species of the genus Aphytis can be produced in large numbers on the 
scales developed on Japanese squash (Kabocha) satisfactorily (1961). 
It is believed that more work and time are essential to determine the 
value of the parasites of the genus Aphytis. 
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SYSTEMATICS 

Genus Aplzytis Howard 

ilfJ/IJ'lis Howard, 1900, Canad. Ent. 32: 168; Timberlake, 192'1, Proc. Hawaii. Ent. 
Soc. 3 :111-112; Mercet, 1929, Rev. BioI. Forest. Limoo!., Ser. 13, .No.2: ,18-19; 
11ercet, 1932, Eos 8: :3:13-337; De Santis, 19-11, La. Plata Mus. Rev. Zoo!. (n.s) 
J: 113--116. 

Distinguishing characlers··-Aphelinidae, the eggs are deposited 
under scale covering, on the upper or lower surface of the scale 
Itself and the larva and pupa develop inside the scale covering. The 
adults have the following characters: an oblique hairless streak trans­
versely from the stigma to the posterior margin of the front wings; 
a fusion of the dorsal remnant of the ninth tergum at the apex of 
the abdomen; the retracted ovipositor seemingly lying in a groove, 
\vith the basal part inclosed by the sterna and the apical part exposed; 
the antennae six·segmented, or five-segmented in /ullicularis Compere; 
the body not conspicuously mottled; the body and legs not usually 
long and slender. 
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2. Forewings infuscated beneath the stigma and beneath the junction of the 
marginal and submarginal veins .... ............. . ............ .-1 
Forewings with distinct fuscous patches beneath the junclion of the marginal 
and submarginal veins .................... . . ..... .. .jUSCiPCll1lis 

., 

.1. Antennal club plainly three times or longer. . ............................•....... i1 
Antennal club fully four times ............. . . ...... cylindrallts 

L Mesoscutum brownish, usually with 12 selae (occasionally 10, 11 or 13) .... 
.... ......... dias{!iriis 

Mesoscutum without any brown markings, usually with 10 setae (.occasionally 
8, 9 or 11) ................................................................................................. 6 

;). Forewings fringe hairs long, about one-third to one-fourth the width of the 
disc ................... .............. ... .. ............. . ...................... 7 
Forewings fringe hairs long, about one-fourth to one-tifth the width of the 
disc .... ..... .chrysom/)/ia/i 

G. Posterior margin of propodeum usually .... vith non-overlapping scale-like crenulae 
on the posterior margin .......... . ..... 8 
Posterior margin of propodeum usually with overlapping scale-like crenulae 
on the posterior nnrgin 
Antennal club not more thell1 three times as long as wide ... 

.. ... lingnullclIsis 
. .. (·j/FiJIItS 

Antennal club nearly four times as long as wide.. . ...................... /islll'ri 

8. Front vlings basad of speculum usually with 28-:{G setae ........................... 9 
Front wings basad of speculum usually with 384-1 setae ........ ......... ja{!oJli(·us 

q. Front wings with the longest hairs of the marginal fringe about one-fifth 
the greatest width of the disc; uSlEllly with 13 -Fi nodules along the sub· 
1l1arginal vein ....................... ............................. ..dchllchi n. sp. 
Front wings with the longest hairs of the marginal fringe about one-fourth 
or longer the greatest width of the disc; usually with Ui-20 nodules along 
the submarginal vein ......... . ............................ ... " ....... yasIlJllofsllj n. sp. 

Aphytis cylindratus Compere 
(Fig. :1) 

This species was collected by C. P. Clausen from Japan in 1916 
and 1921. It was emerged on May 16, 1916 from the host Pseudaonidia 
duplex Cockerell, collected from Nagasaki by C. P. Clausen and he also 
reared this species on June 5, 1924 from the same host infested on 
persimmon, collected in Osaka. 

This species was described by Compere in 1955 from the collection 
of C. P. Clausen. According to Compere, this species is most closely 
related to A. ignotus Compere (1955). The only means of distinguishing 
these two species is by the number of setae on the mesoscutum. In 
this species the number is more nearly 10 and in ignotus more nearly 
20. In both species the club is fully four times as long as wide and 
cylindricaL 

The author has reared this species from Pseudaonidia duplex 
Cockerell, collected from Fukuoka, Kurume, Inunaki and Matsuyama 
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and examined some other characters in addition to Comperes' descrip­
tion_ 

Distinguishing characters.- --The body and appendages are golden yellow in 
life. There is no pigmented areas on the body in cleared specimens, except a 
brown central line on the posterior margin of the scutellum. Antennal club 
four times as long as wide or less. Five to seven sensiJta on club, two on third 
funicle joint. Mesoscutum usually with 10 setae (occasionally 11 or 12). Usually 
6-9 small indistinct overlapping crenulae on each side of center of the posterior 
margin of the propodeum. Front wings faintly infuscated at the junction of the 
marginal and submarginal vein. IVlarginal vein of fore wing with 10-12 (some­
time 14) prominent setae along the anterior edge of the marginal vein, and these 
are about 2 times as long as the setae in a row along the middle of the marginal 
vein. Usually 18-22 nodules along the submarginal vein (Fig. 4). Usually 40-48 
setae in the basal delta area of the forewing basad of the speculum. Length of 
the longest hairs of the marginal fringe of the forewings more than one-sixth 
the greatest width of the disc. 

Fig.::1. Nodules along the submarginal vein of forewing of 
Aphylis cylindY.1tus. 

Males resembling females in general but are slightly smaller (about 0.4 mm 
in length) and exhibit the usual sex differences as well as fewer setae on cor­
responding structures and fewer sensilla on the antenna! club. 

This species is bisexual. Rearing of field collected materials have yielded 
about .5 females to 1 male. Mature pupae with brown pigmented thoracic sternal 
plates, antennae, wing pads and appendages (Fig. 8A) 
Length of the adult female is 0.G9 mm to 1.09 mm. 

Distribution,- Kyushu, Honshu and Shikoku. 

Aphytis diaspidis Howard 
(Figs. 4, 5 and IC) 

APJlClilllfS diaspidis Howard, 1881, U.S. Dept. Agr. Ann. Rpt. Ent. for 1880 p. 355. 
Aphylis diasf)idis (Howard) Compere, 1955, Univ. Calf. Pub!. Ent. 10 (4): 277-330. 
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The original description of diaspidis is based on 9 females and 2 
males, reared from Aulacaspis rosae Bouche, collected at Fort Reed, 
Florida. The description was made of two females reared from the 
same host collected at Santa Barbara, California, in 1881. It was 
clearly stated by Howard that the description was based on the speci­
mens from Florida. All the circumstantial evidence indicates that the 
California form to which the name diaspidis was applied by Howard 
in 1881 is a unisexual form. A distinction between the Florida form 
on which the original description is based, and the California form, to 
which the name diaspidis is applied, may appear to be trifling. No 
one knows for certain whether the presence or absence of males as 
indicative of a difference in the mode of reproduction, or whether a 
difference in the mode of reproduction is indicative of a genetic dif­
ference. In 1932, Compere made a note of the specimens collected in 
1881 at Santa Barbara that the apex of the club is slightly blackish 
and the infuscation beneath the stigma scarcely evident. In 1955 he 
mentioned that in the form called "Standard d£aspidis" the club is not 
blackish at the apex and the cloud beneath the stigma is pronounced. 

Fig. 4. Setae in the basal delta area of the forewing basad 
of the speculum of Aphytis diaspidis Howard. 

The history of diaspidis is long and confused. For example, four 
separate stocks of diaspidis have been propagated in the insectary at 
Riverside. One stock, the California form, was accidentally propagated 
on Lepidosaphes beckii Newman, reported by S. E. Flanders. The other 
three stocks were imported and purposely propagated. One stock reared 
from San Jose scale, Aspidiatus perniciosus Comstock collected at Fort 
Valley, Georgia, in 1953 produced a small percentage of males. Another 
stock that reared from the same host, collected in Connecticut in 1953 
also produced a small percentage of males. But the stock imported 
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from Asmara, Eritrea, in 19S2, reproduced generation after generation 
without the appearance of any males. III the female sex the Eritreil 

form and the Georgia fOrIn are indistinguishable from the California 
form_ The specimens reared from the host of Connecticut were more 
yellow and less extensively fuscous in both sexes. 

The author has reared diasjJidis from the host .i1sf;idiotus /)crllirioSlis 
Comstock, Chr),sOln/)halus /n/asciculatus Ferris and IJsclidaulacasj)is 
jJenta;.rollrJ Tat-gioni. All the specimens emerged from these scales are 
females. 

Fig J. Crenulae on the posterior margin of the propodeum of Apfl)'lis dias/Jidis. 

Dist inguishing characters. The Japan form of diasj,idis, feared from the scales 
mentioned above shows the characters as follows: The antenna is brownish, the 
club is blackish at the apex. Mesoscl1tum, scutellum, propodeum dusky brown, 
except a pale longitudinal stripe down the middle; margins of mesoscutUITI, 
scutellum and propodeum dark brown; mesoscutum on the average, usually 12 
(occasionally II or 13) dark setae. Usually 5-10 small scale·like crenulae on each 
side of the center of the posterior margin of the propodeum. l<ront wings with 
distinct cloud beneath the stigma and the junction of the marginal and sub_ 
marginal veins. 
the anterior edge. 

:\larginal vein of fore\ving with 10-12 prominent setae along 
Usually 12-18 nodules along the submarginal vein. Abdomen 

is with dark spots and coarse setae on the sides, and sometimes with weak 
dark bands across the dorsum. The sides of the body pale yellow in cleared 
specimens. Legs are dusky yellowish, tibiae faintly darker. Ovipositor is exerted. 
Mature pupae with pigmented thoracic sternal plates (Fig. SIlJ 

Length of the female body is about O.f):) to O.Sf) mm 
Distribution. Kyushu, Honshu and Shikoku. 



Aphytis chrysomphali Mercet 
(Fig. !D, E) 

APhytis cilrysOIJlp/ulii rvlercet, 1912, Soc. Espan. lIist. Nat. Bol. 12: 135. 
4phytis c/lrysOflljJilrlli: Compere, 1955, Univ. Calf. Pub!. Ent. 10 (4): 271-320. 
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Aplzyfis chrysomJ}hali \vas described by Mercet in 1912 from the 
host, C!zrysomphalus pinnu!zfer Maskell or Chrysolllphalus dictyospermi 
Morgan or both, collected in the Balearic Islands and Spain. 

This species was recorded by Dr. T. Tachikawa (1957) in Matsuyama 
from Aonidiella sp. This species is reared from different diaspidis 
collected in different parts of the world. 

Description.--Compere reared this species from iiollidicllil aUrIlntii 1.faskell in 
California and described as follows: Pale lemon yellow to pallid, including 
setae on the head, thorax, and abdomen, integument very soft, specimens in 
gum mar and balsam shrivel and fade to greater extent than most other species. 
Mesosternum with a pronounced black line down the middle; posterior margin 
of the scutellum narrowly black. (The small sclerites at the base of the front 
wings are dusky or blackish in all species). Mandibles brown. Front wings 
with a faint dark cloud beneath the stigma and a more distinct cloud more OT 

less across the disc beneath the union at the marginal and submarginal veins. 
Front \vings most often with five rows of hairs basad of the speculum. Longest 
marginal fringe of the front wings ranging from one-fourth to one·fifth of the 
greatest width of the disc. Mesoscutum generally with 10 setae, rarely with 8 
or 12 setae. Propodeum with small, weak, separate crenulae (Fig. IE). The 
thoracic setae are comparatively fine and pale. 

rvlales without microscopic stippling on the venter of thorax. 
Length of the body is 0.7S mm to 1.00 mm. 

llphytis lingnanensis Compere 
(Figs. 7 and 8G) 

Api!)'tis A. Flanders, 1918, Calif. Citrog. 34: 17-19. 
A/)/:ytis A Flanders, 1949, Calif. Citrog. 34: 160--162. 
Aj)!lytis A DeBach, 1950, Jour. Econ. Ent. ,13: 788 . 
. i.p/!yfis lingwlflcnsis Compere, 1955, Univ. Calf. Pub. Ent. 10 (4): 271-320. 

APhytis lingnanensis was described by Compere (1955) from the 
host,Aonidiella aurantii. But Flanders (1948, 1949) reported about 
this species as "Aphytis A" and DeBach (1950) also mentioned about 
this species as "Aphytis A." A very convenient character of diag­
nostic value was discovered by De Bach and excellent result was ob­
tained to distinguish the species Aphytis chrysomphali and Aphytis 
lingwlllcnsis. In Aphytis species the submarginal vein is marked by 
a series of bullae that in some lights appear tubercle-like and in other 
lights or other aspects cell-like. In Aphytis chrysonlphali the number 
of these bullae is usually average less than 18 and in Aphytis ling­
nancnsis the number is from 18 to 22. This species was separated by 
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reliable clue for the identificatioll of Citrill/IS is the host relationship. So far as 
known, it is parasitic on yellow scale, AOllidic!la r'itrillil Coquillett. 

Distribution. Kyushu, Honshu. 

B c D 

E F 

Fig. 6. Pupae; A, .4pflytis (vlindratlls; B, Apltytis jisheri; C, Aphylis japaniclIs; 
D, A/)Ily/is diaspidis, E, AN!)'t;s yasumatsui; F, Aphylis fuscip(,nnis; 
G, A/)h),!;" lingnancnsis; H, AI)Ii),!is citY/JllIs. 

Aphytis fisheri DeBach 
(Fig.6B) 

A/)liyti;; fisheri DeBach, 1939, Ann. Rnt. Soc. Amer. 32 (4); 362. 

This species was described by DeBach from the scale insect, 
Aonidiella aurantii Maskell, collected by him during 1956--1957 from 
Kagoshima. Japan, India, Pakistan and Burma. 

Dcscription.--Antennal club relatively long and narrow, little increase in 
\vidth of joints from scape to club; funicle joints 1 and 2 rounded, not com­
pressed; pedicel distinctly longer than last funicle joints. Scape about as long 
as pedicel and funicle joints combined, club somewhat shorter. Five sensilla on 
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Distinguishing characters.---Antennal club is dark or blackish at the apex. 
The front wings measure three times as long as wide (measurement from be­
ginning of submarginal vein to apex of disc), and the longest marginal fringe is 
almost one-third as long as the greatest width of the disc. There is a distinct 
fuscous patches at the junction of marginal and submarginal vein of the fore­
wings. Pupa is pigmented on thoracic sterna (Fig. 6FJ. 

Aphytis japonicus DeBach et Azim 
(Fig. 6C) 

Aphytis japonicus DeBach et Azim, 1902, Mushi 36(1): 1-8. 

This species was described from the specimens reared by the 
author between June, 1959 to June, 1961 from ChrysOinphalus bifas­
ciculalus Ferris on Euonymus japonica Thunberg and Aspidistra elatior 
Blume in Fuklloka, Kyushu, Japan. Aphytis japanicus is very similar 
to, if not identical with, the so-called "Kagoshima form of Aphytis 
citrinus" discussed by DeBach (1959). He collected specimens by beat­
ing citrus trees heavily infested with Aonidiella aurantii Maskell at 
Kagoshima, Japan on November 15, 1956. This species is a member 
of the mytilaspidis group of Aphytis Howard as described by Compere 
(1955). 

Description.-Large setae on head; eyes finely hairy; cranium without black 
bars or margin. The body and appendages are wholly yellow in life, with the 
head perhaps darker orange yellow. Body of cleared specimens have no dusky 
or blackish areas or lines whatsoever except rarely a faint dark central line on 
the posterior margin of the scutellum. Average setae on head and sides of 
abdomen of cleared specimens invisible or very indistinct. Antennae 6-segmented; 
antennal club about 2.3 (2.1 to 2.8) times as long as wide. Cleared antennae, 
especially pedicel, funicle and club, faintly dusky. Four to five sensilla on club, 
one on the third funicle joint. First two funicle joints sub-globular, noticeably 
narrower than either the pedicel or the third funicle joint. Pedicel slightly 
longer than the first two funicle joints combined. Third funicle joint about as 
long as wide. Scape about equal in length to the pedicel and funicle joints 
combined. Setae on mesoscutum and scutellum pale, relatively long and thin, 
sometimes indistinct at 420 x magnification in contrast to the thicker and darker 
setae of mytilaspidis, aonidae, ritrinlls and dilbius. Setae of mytilasj)idis are 
clearly evident at 13 x magnification. Ten setae (occasionally 8, 9, or 11) on the 
mesoscutum. Usually 4-5 small indistinct non-overlapping crenulae on each side 
of center of the posterior margin of the propodeum. Wings hyaline, no cloudi­
ness or infuscation evident even under'the sub-marginal vein. Marginal vein of 
forewing with 8 or 9 (sometimes 7) prominent setae along the anterior edge and 
these are 2 times as long as the setae in a row along the middle of the marginal 
vein, but similar in length to those setae distal to the stigma along the anterior 
wing edge. Usually 1:)-16 nodules along the sub-marginal vein. There are 38-·11 
setae in the basal delta area of the forewing basad of the speculum. Length of 
the longest hairs of the marginal fringe of the forewings slightly more than one­
fourth the greatest width of the disc. Cleared tibia and tarsi with a slight yellow. 
brown cast but no blackish area. 
















