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Host Range and Host Suitability of Anagrus incarnatus HALIDAY
(Hymenoptera: Mymaridae), an Egg Parasitoid
of Delphacid Planthoppers!
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Anagrus incarnatus, a mymarid egg parasitoid of hemipterous hoppers, strongly attacked
eggs of the 3 species of rice planthoppers (Nilaparvata lugens, Sogatella furcifera and Laodelphax
striatellus), showing no preference among these hosts. Additionally, 7 species of other del-
phacid planthoppers indigenous to wild grasses, and 2 species of cicadellid leafhoppers
were also attacked by this parasitoid. Per cent parasitism of Nephotettix cincticeps eggs was
lower than that of the others. Thus, A. incarnatus has a rather wide host range, but is mainly
specific to delphacid species. This parasitoid is able to attack host eggs of any stage of devel-
opment, even those containing well developed embryos.

INTRODUCTION

Mymarid wasps belonging to the genus Anagrus are known as common egg para-
sitoids of plant- and leafhoppers and have worldwide distribution (CrAusen, 1940).
In Asia, several Anagrus species have been recorded as natural enemies of delphacid
planthoppers of rice (Crru, 1979). A. flaveolus WATERHOUSE has long been recorded
as an egg parasitoid of delphacid planthoppers in Japan (Dourr, 1961; YasuMATsu
and WATANABE, 1964; Kawase and Ismizaki, 1965). Recently, A. incarnatus HALIDAY
was recognized for the first time from different countries of Asia, including Japan
(SanAD, 1983).

"This paper reports the host range and host suitability of 4. incarnatus. The experi-
ments were conducted during 1979-1980 at the Kyushu National Agricultural Experi-
ment Station, Chikugo, Fukuoka. This work was part of the study of the biology and
ecology of this parasitoid as an important natural enemy of rice planthoppers.
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MATERIALS AND METHODS

A. wncarnatus used were from laboratory stock cultures reared successively on eggs
of Nilaparvata lugens which were deposited on rice seedlings and maintained in a glass
jar. Parasitoid adults from the rearing stock were randomly selected for use in the
experiments. Host eggs other than the rice planthoppers (Nilaparvata lugens, Sogatella
Surcifera and Laodelphax striatellus) were obtained by collecting adult insects from the
paddy fields or grass fields near the Kyushu National Agricultural Experiment Station
during the summer. These insects were then reared in the laboratory on rice seed-
lings or the indigenous host plant specific to each species. Experiments were conducted
both in the laboratory at 25°C under continuous fluorescent lighting and in the field.

Host preference of A. incarnatus for eggs of the 3 species of rice planthoppers was
investigated. About 40 females of each planthopper species were released into a glass
jar containing rice seedlings for oviposition for 2 days. In the laboratory experiment,
eggs of the 3 host species were put together in a jar, and then three groups of parasitoid
females, 10, 18 and 25 in number, were released per jar and allowed to oviposit for
3 days. After exposure, the rice seedlings bearing those host eggs were transferred to a
test tube incubated at 25°C for insect development. FEach experiment was repeated
3 times. In the field experiment, eggs of the rice planthoppers were placed together
in metal trays and exposed in the paddy field for parasitization under natural conditions
for 3 days. Trays were placed at the base of rice plants at 3 sites in a 300 m? field.
After exposure, the rice seedlings were brought back to the laboratory and the same
procedures followed as in the laboratory experiment. The field experiment was
carried out twice, in early August and mid-September, 1979.

The parasitic ability of A. incarnatus on other host species was also investigated;
an additional 8 species of delphacid planthoppers and 2 species of cicadellid leafhoppers
were tested. Field-collected adult insects were allowed to deposit eggs for 2 days on
rice seedlings or on their specific host plants in a glass jar; again, experiments were
conducted both in the laboratory and the field. In the laboratory, females were
allowed to parasitize host eggs for 3 days in a glass jar. For the field test, eggs of each
host species were exposed to parasitization under natural conditions in the paddy field
for 34 days. After exposure, these eggs were brought back to the laboratory and the
same procedures followed as above. Field experiments for each host species were done
at different times depending on whether the field-collected adults of host insects were
available.

In all experiments daily recording was made of the number of adult parasitoids
emerged and host nymphs hatched. No attempt was made to count the actual number
of total host eggs exposed and those parasitized, because this could not have been
done without dissecting the host plant, a procedure which is also very time consuming.
Thus, the per cent parasitism was estimated from the number of parasitoids emerged
and host nymphs hatched, and the immature mortality of insects was excluded. Since
A. incarnatus is a solitary parasitoid, per cent parasitism was estimated as follows;

w
P= "‘W_'{:
where, P is per cent parasitism, W is the number of parasitoids emerged and H is the
number of host nymphs hatched.
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Table 1. Host preference of Anagrus incarnatus on three species of
rice planthoppers (in the laboratory)

Parasitism (%)
Host species

108 18e 258
' Nilaparvata lugens 49.8 (260/522)P 48.7 (213/437) 91.9 (194/211)
Sogatella furcifera 56.5 (335/593) 43.6 (380/871) 72.5 (211/291)
Laodelphasx striatellus 57.4 (178/310) 40.6 (159/392) 88.0 (220/250)

® Numerals indicate no. of ovipositing parasitoid females per jar.

» Numbers in parentheses respectively indicate parasitoids emerged and host nymphs hatched +
parasitoids emerged.

Data were compiled from 3 replicates.

Table 2. Host preference of Anagrus incarnatus on three species of
' rice planthoppers (in paddy fields, 1979)

Parasitism (9,)

Host species

Aug. 6-9 Sept. 10-13
Nilaparvata lugens 20.2 (92/456)2 89.3 (241/270)
Sogatella furcifera 13.1 (41/314) 69.8 (148/212)
Laodelphax striatellus 33.9 (81/239) 76.2 (192/252)

* Numbers in parentheses indicate respectively parasitoids emerged and host nymphs hatched +
parasitoids emerged.
Data were compiled from 3 replicates.

To determine the host stage suitable for the parasitoid, N. lugens eggs of different
ages, 0-24 hr, 3, 5, 7 and 9 days, were exposed for oviposition by A. incarnatus over a
24 hr period. These eggs were held at 25°C until day 8 or 9 after oviposition and the
number parasitized was examined by dissecting the host plant under a binocular stereo-
microscope.  Parasitized eggs were then kept in plastic petri dishes with moist filter

paper for further development of the parasitoid. Emergence success and the sex ratio
were recorded.

RESULTS

Host preference on the 3 species of rice planthoppers

The results shown in Tables 1 and 2 indicate that Anagrus vigorously attacked eggs
of all 3 rice planthopper species. The per cent parasitism with 25 ovipositing female
parasitoids was higher than with 10 or 18 parasitoids in all 3 species (Table 1). In
the field test (Table 2), the per cent parasitism of all host species in September was
higher than in August, apparently reflecting the seasonal abundance of the parasitoid
in the paddy field. Parasitism in mid-September was as high as 70 9%, or more. The
per cent parasitism in the rice planthopper species did not greatly differ in either labora-
tory or field experiments. Thus, overall results indicate that A. incarnatus attacked eggs
of all the rice planthoppers with no preference among them.

Parasitism on other delphacid and cicadellid species

Seven out of 8 species of delphacid planthoppers other than the rice planthoppers
were also found to be attacked by A. incarnatus, although the per cent of parasitism
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Table 4. Parasitism of host eggs (Nilaparvata lugens) of different ages by Anagrus incarnatus

Age of host No. of eggs No. of parasitoids Emergence Sex ratio
egg (days) parasitized emerged (%) (% female)
0-24 hr 275 226 82.2 73.5
3 351 281 80.0 714
5 275 232 84.4 69.4
7 265 237 89.4 72.7
9 290 266 91.7 59.4

varied considerably (Table 3). It is interesting to note that Harmalia albicollis eggs
were often attacked when rice seedlings were used as a host plant, while they were
unparasitized when deposited on Cynodon dactylon, the indigenous host plant of this
hopper. The reason for this is unknown.

Of all 8 species of delphacid planthoppers tested, only Saccharosydne procerus parasit-
ization by the parasitoid was unsuccessful. The natural features of egg deposition of
this planthopper were quite different from the others. Eggs are deposited in the hollow
air-filled space of leaf-sheath or axil of leaf blade of the host plant, Zizania latifolia, and
the surface of the plant tissue where they are embedded is covered with a white mealy-
like powder so that the eggs are absolutely hidden. This led the authors first to think
that the manner of egg-laying of this planthopper might protect the eggs from attack
since they were not directly exposed to the parasitoid. In both field and laboratory
experiments no parasitized eggs were found at all, indicating that A. incarnatus does not
attack eggs of S. procerus.

The two species of cicadellid leafhoppers, Nephotettix cincticeps and Macrosteles
orientalis are usually abundant in the field. Their economic importance is that the
former itself is a rice insect pest and both species are vectors of certain virus diseases.
Table 3 shows that the eggs of both leafhoppers were attacked by the parasitoid but
that parasitism of N. cincticeps was rather low, 5.3%, (6/113). When exposed eggs
were examined, about half of them (50/113) were found to have died with no evidence
of being parasitized. Another experiment was conducted in which the eggs of this
leafhopper were directly exposed to the parasitoid by dissecting the rice plant, and
parasitization took place in a plastic petri dish. In this case parasitism reached 72 9%,
(60/83). Eggs of the other leafhopper, M. orientalis, were 63 9, parasitized (75/119).

Results of the experiment on host suitability are shown in Table 4 and host eggs
at any stage of development are seen to have been strongly attacked by A. incarnatus.
In all egg stages tested, more than 80 %, of them were parasitized and immature para-
sitoids developed to the adult stage. It should be noted that per cent adult emergence
in 9 day-old host eggs was somewhat higher than in the others, but the ratio of female
progeny to male was considerably lower (Table 4). From the point of view of popula-
tion multiplication or mass rearing of the parasitoid, 9 day-old host eggs are therefore
less suitable.

DISCUSSION

Ortake (1967, 1968, 1969 and 1970) studied the biology and ecology of 4. nr.
Sflaveolus WATERHOUSE intensively and reported this parasitoid to be a dominant species
among egg parasitoids of the rice planthoppers in Zentsuji, Kagawa Prefecture. KAwAsE
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and Ismizakr (1965) found that several species of delphacid planthoppers were attacked
by A. flaveolus but no parasitism was detected in the eggs of N. cincticeps. OTaxe (1967)
also noted that 4. nr. flaveolus was seldom trapped in eggs of N. cincticeps in the field in
contrast to the trichogrammatid, Japania andoi, and he found that laboratory parasit-
ization by this parasitoid on eggs of this leathopper was unsuccessful. However, in our
experiment eggs of N. cincticeps were parasitized by A. incarnatus with particularly high
efficiency when the eggs were directly exposed to the parasitoid.

As reviewed recently by Curu (1979), Anagrus species are dominant among the
mymarid and trichogrammatid egg parasitoids of N. lugens in Southeast Asia. During
the course of this study A. incarnatus was observed to be a dominant egg parasitoid of the
rice planthoppers in paddy fields in the Chikugo area, Fukuoka Prefecture.

Dourr (1964) considered that the behavior in host selection of insect parasitoids
was four orderly steps: (1) locating a host habitat, (2) host finding, (3) host
acceptance and (4) host suitability. He felt that the first factor eliminating many
species from being potential hosts of a parasitoid is the failure to locate the habitat of
the host. Evidence from several reports of parasitoids being attracted to a habitat,
regardless of the presence or absence of the host, caused Vinson (1981) to conclude that
the host plant plays a role in orientation to the habitat. ArtHUR (1962) reported
that ltoplectus conquisitor attacks hosts on Scots pine but does not attack the same hosts
on red pine. .

A. incarnatus attacked H. albicollis eggs when they were deposited on rice plant and
were confined together in the laboratory, but did not attack them in the field when
the eggs were deposited on the indigenous host plant, C. dactylon. 1t is probable that in
natural conditions the host habitat location of H. albicollis in which the eggs of this
planthopper are laid does not attract Anagrus. '

The results of our observations indicate that A. incarnatus has a rather wide host
range. Successful cases in biological control projects seem to favor highly host-specific
natural enemies (Doutrr and DeBach, 1964). However, Hurraker et al. (1971)
state that conditions in a given situation may be such that strict monophagy is not
conducive to good control and that alternate host species may be required at times when
a given host is unavailable. DouTtT and DeBacH (1964) also state that if a host popula-
tion is periodically depressed by other factors, a specific natural enemy will suffer
most, whereas a more general feeder will maintain itself on other hosts during adverse
periods. This consideration is likely to be true for A. incarnatus in the environmental
situation in Japan.

In regard to the host suitability for the parasitoid, all stages of development of
N. lugens eggs were attacked by A. incarnatus. Hirao (1972) found that at 25°C the egg
period of N. lugens averaged 11.3 days; thus, in our experiment, 9 day-old eggs con-
tained well developed embryos. WHALLEY (1969) found that A. incarnatus could suc-
cessfully parasitize fully developed eggs of Tettigella viridis, and the parasitoid in the
host eggs of ‘well-developed embryos’ developed at an equal rate to that in the newly-
laid egg. This behavior was also observed in the present study. However, OTAKE
(1968) reported that development of A. nr. flaveolus was to some extent prolonged in
older L. striatellus eggs. Among other mymarid species, Prestwichia aquatica is said to
oviposit on host eggs of all stages of development but cannot mature in those containing
well-developed embryos; Anaphes nipponicus limits its oviposition to Lema eggs one to
three days old (Crausen, 1940).
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