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Ahbstract

Phytoseiulus persimilis was imported from California during the summer of
1987 as a biological control agent. In order to understand whether the hot and
humid subtropical ¢nvironment is still suitable for the species from the temperate
zone, it has been reared in the laboratory under the condition of 32+0.5°C
{which is far from the optimum temperature for this species) and 80252 RIL
Unlike most of the phytoseiid species, one successful mating for the P. persimilis
females is probably sufficient for their lifetime cgg production. Evidence also
showed that during courtship, females moved toward males. In other words,
male attracts female. The sex ralio in the offspring is influenced by the age of
their mother. Older females produce more daughters than sons.

{Key words: mating behavior, Phytoseiulus persimilis)

Introduaction

Phytoseiulus persimilis, a famous biological control agent for spider mites, was
introduced into Taiwan from Riverside, California, USA during the summer of
1987. Although the life history, life cycle duration, and the predation of P. per-
similis have been intensively studied (Mori and Shinkaji, 1977), the details on the
repraduction of this species are still far from complete. To understand the re-
production of P. persimilis under the local environment is of fundamental import-
ance to use this organism as a biological control agent. In this communication,
we investigated the reproductive behavior of P. persimilis at the hot and humid
subtropical conditions.

Materials and Methods

Maintenance of mites

The population of Phytoseiulus persimilis Athias-Henriot investigated in the
present study was obtained in 1987 from a culture maintained at the University
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of California at Riverside, California. Tt has been reared at room temperature
for a year, and then transferred into incubators under the condition of 30-:0.5°C,
80% +5% RH and 12L:12D and stayed in there for two months. Finally il was
maintained under the condition of 32:105°C, 80% £5% RH and 12L:12D. The mites
were placed on a plastic plate surrounded by water-filled cotton, and fed with
multiflora bean (Phaseolus coccinenus L.) lcaves full of spider mites ( Tetranychus
Eanzawai Kishida)., The whole apparatus was covered by a plastic cover in order
to insure high humidity suited for these predacious mites.

Moving direction of Phyteseinlus persimilis adulls

In a 10-cm diameter petri dish, 3 leaf discs (approx. 3.5-4.5cm?) {ull of spider
mites were layered on damped cotton about 5mm thick. The cotton was pressed
to form a flat surface in order to avoid trapping mitcs in loose cotton fibers.
These 3 leaf discs were Lirmly attached on the surface and equally spaced by a
l-cm gap. On a flat and damped cotton surface, adult P. persimilis could run
across the spacc between discs without any problem in our experimental device.
In order to examine the moving dircction of adults, one adult, smashed 5 adults
of one scx, or nothing as a blank was inoculated on each disc for observation.
Thus, there were six combination, including onc male-two blanks, one female-two
blanks, one male-two females, one female-two males, one female-5 smashed males-
one blank, and one male-5 smashed female-one blank in each petri dish. For each
combination, 5 replicates were used. [Either virgin or mated one day old adults
were used in this experiment which was performed in the laboratory at a room
temperature of 25°C. The movement of P. persimilis was observed under a binocular
microscope (15%) with a fiber optics bifurcated illuminator.

Eggz production under different situations

Each one day old mated females or each polyandrous female with three adult
males were transferred onto a leaf disc. Omne day old mated female was obtained
from pairs of mites after the copulation was completed. The lcaf disc was kept
on wet cotton and surrounded by a barrier made of canada balsam and castor
oil (1:1). Eggs produced by these females were collected and counted everyday
separately during the whole experimental period. These eggs were incubated at
32°C and allowed to develop until they could be sexed. The sex ratios in the
offspring of individual females were recorded.

Results and Discussion

Moving divection of Phytoseiulus persimilis adults

In the presence of enough food, males or females alone in the device described
above did not show intention to leave the original disc. If bolh male and female
adults were incculated in the same petri dish, female always ran toward male,
i.e. unidirectional movement. All of five virgin females moved to males within
one day. Howcver, the running of mated females toward males was occurred at
the fourth day (1 out of 5) and the fifth day (2 out of 5).

Five smashed males could replace a male to attract females, whereas five
smashed females did not result any directional movement of the male. Five
smashed males were more effective than 2 single male in stimulating the move-
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ment of virgin females. All of five virgin females ran toward smashed males
within an hour. The movement of mated females toward smashed males was the
same as that the male was used. Furthermore, it was noticed that the females,
either virgin or mated, would stay on the disc occupied by the male after they
reached there, but hovered from disc to disc in the other device after they
reached the disc with smashed maies.

Laing (1968) reported that the female was active and kept running around
until encountered and mated with a male. The unidirectional movement from
female to male showing in our results is in agreement with Laing’s finding. This
unidirectional movement of female toward male or smashed males suggests that
the sex pheromone, if it exists, is released from males to attract females in P.
persimilis. However, it has been reported that scx pheromones were produced by
females in Typhlodromus occidentalis and Amblyseius fallacis in the family Phyto-
seiidae (Hoy and Smilanick, 1979; Rock, ef «l., 1976; Tanigoshi, 1982). The reason
for this difference remains to be investigated.

Comparison of single-mated and mulliple-mated females

The duration of oviposition was represented by the number of days a female
actually ovipositing eggs. The frequencies of oviposition duration for two groups
of females were showed in Table 1. The A group consists of females individualiy
polyandrous with three males for the whole experimental period and the B group
45 mated females without male around. The duration of oviposition of the B
group did not fit normal distribution according to x* analysis, indicating that it
might be a bimodel distribution with a main peak and a smaller one. The average

Table 1. Test of the goodness of fit to normal distribution. A,
the distribution of the total length of egg production
of 45 females accompanied with 3 males; B, 45 single
mated females; and BY, 41 females from the main peak
of the B distribution. The statistical analysis was
according to the methods of Wardlaw, 1985.

Oviposition A B B
duration :
(days) obs. exp. abs. exp. adj. exp.
1 2 1.7l 1 2.48 1 1.56
2 3 2.52 7 2.52 3 1.85
3 3 4.64 3 3.9 3 3.16
4 9 6.80 8 5.44 8 4.59
5 9 8.15 9 6.44 9 5.82
6 3 7.88 7 6.70 7 6.31
7 5 6.16 3 5.98 3 5.90
8 4 3.9 0 4,72 0 4.76
9 1 2.03 2 3.20 2 3.32
10 0 0.86 2 1.89 2 201
11 1 0.27 2 0.99 2 1.01
12 0 0.09 1 0.40 1 0.46
n=45 n=45 =41
avg.=4.84 avg,.=5.24 avg.=5.56
s.d.=2.16 5.d.=2.66 5.d.=2.58
¥:=10.07 $==19.88 ¥*=13.59

p>0.1 p<0.05 p>0.1
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duration of the small peak in the bimodel distribution was around 2 days. If this
small peak was removed by artificially substracting 4 from the second category,
the new distribution of the B/ group fits normal distribution, and is statistically
indistinguishable from that of the A group (¢=1.38, p>>0.10). Thesc results suggest
that one successful mating is sufficient for the majority of females. Thus, P.
persimilis is unlike other parahaploid phytoseiid mites in which females need
repeated mating to avoid the cease of oviposition (Putman, 1962; McMurtry and
Scriven, 1964). The second small peak with oviposited eggs for only 2 days in the
bimodel distribution may represent a small portion of unsuccessfully mated females.

If a female produced eggs for more than three days, it was considered to have
received a successful mating. Among the 41 successfully mated polyandrous
females, six of them (15%) did not produce an egg at the first day after mating.
All of the 37 successfully mated females in the other group produced eggs from
the first day after mating. These results implied that these six polyandrous
females received an unsuccessful copulation at the first time and got a second
mating for producing eggs. However, the multiple mating were not essential for
continued egg production and oviposition. These results are consistent with the
finding that total egg production by femalcs of P. persimilis was not increased by
multiple matings, while that of another phytoseiid species, Ambiyseius andersoni,
did (Amano and Chant, 1978).

Egg production at 32°C

At 32°C, the average oviposition rate is 4.34 eggs per female per day (n=386).
The age-dependent oviposition curve is showed in Fig. 1. As reported by Dosse
(1958), the oviposition rates were 0.4, 1.2, 4, 4.2, 5.2 eggs per female per day at 10,
15, 25, 30, 35°C, respectively. The oviposition rate observed at 32°C in this study
is basically in agreement to that reported by Dosse (1958). Laing (1968) reported
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Fig. 1. Age-specific oviposition curves of P. pesimilis. Numbers beside
plots represent the number of egg producing females.
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24 eggs per female per day under the condition of 155L:85D with temperature
controlled on a 24-hour cycle from 14.7°C at 3 a.m. to 28.3°C at 1 p.m, and using
T. urticae as the prey. Takafuji and Chant (1976) reported 37 eggs per day at
25°C with 7. pacificus as the prey. Amano and Chant (1978) showed that to be
3.1 eggs per female per day at 23°C with 7. pacificus as the prey. The slightly
lower oviposition rates in these two reports might be partly duc to the lower
temperature and partly due to the different prey. Fitness components such as
survival rate, mating success and fecundity are under long period of natural
selection, and do not have genetic change easily.

Sex ratios in progeny produced by different aged females

Since sex ratios of the offspring produced by mated females alone and by
females with males around are statistically insignificant, the data were pooled
together. As shown in Table 2, the sex ratio of female/male increased from 1.50
to 350 as the age of the female increased. Since the older females have less
offspring than the younger ones, the offspring from the older females were arbi-
trarily merged into two categories, i.e. 7 and 8 days old, and 9 to 12 days old
(Table 2). P. persimilis was parahaploid rather than arrhenotokous (Helle, et al.,
1978; Nelson-Rces, ef al., 1980). The higher proportion of matle could not be due
to the presence of unfertilized eggs. As shown in Table 2, there is no significant
difference in the survival rates among different age groups. The high sex ratio
(percent female) could not be explained by the differential survival rate. Amano
and Chant (1978) suggested that a low sex ratio would be expected in the progeny,
if females produced only a few progeny. However, our results showing that the
old aged female have low fecundity but high sex ratio in the progeny, disagree
to their hypothesis. Therefore, further investigation is needed to understand the
mechanism and biological significance of this finding.

Table 2. The tertiary sex ratios of the offspring produced
by different aged females

Age of the Number Number Survivat
female of the of the rate female/male
(in days) epgs offspring (%)
1 191 140 73.82 1.50
2 315 209 66.35 2.07
3 341 273 80.06 2.14
4 253 186 73.52 2.15
5 213 [44 67.61 2.20
6 172 127 73.84 2.835
7&38 121 85 70.25 3.25
9to 12 59 45 76.27 3.50
Acknowledgements

We are greatly indebted to Prof. P.K.C. Lo for the P. persimilis strain which
was originally from Prof. J. A. McMurtry. We are grateful to Prof. P.K.C. Lo and
Dr. C.C. Ho for their help and advice. This work was supported by the Council
of Agriculture of the Republic of China.



406 Chinese J. Entomol. Vol. 10, No, 4 (1990)

References

Amano, H, and D.A. Chant. 1978, Some factors affecting reproduction and sex
ratios in two species of predacious mites, Phytoseinlus persimilis Athias-Henriot
and Amblyseins andersoni (Chant) (Acarina: Phytoseiidae). Can. J. Zool. 56:
1593-1607.

Dosse, G. 1958 Uhcr sinige neue Raubmiibenarten (Acar. Phytoseiidac). Pfanzen-
schutzber 21: 44-61.

Helle, W., H.R. Bolland, R. Van Arendonk, R. De Boer, G.G. M. Schulten and V.M.
Russell. 1978. Genetic evidence for biparental males in haplo-diploid predator
mites (Acarina: Phytoseiidae). Genetica 49: 165-171,

Hoy, M. A. and J.M. Smilanick. 1979. A sex phcromone produced by immature
and adult femalcs of the predatory mite, Metaseinlus occidentalis, Acarina:
Phytosiidae. Ent. Exp. Appl. 26; 201-300.

Laing, J. E. 1968, Lifc history and life table of Phytoseinius persimilis Athias-
Henriot, Acarologia 10: 578-588.

McMurtry, J. A. and G.T. Scriven. 1964. Biology of the predaceous mite Typhlo-
dromus rickeri (Acarina: Phytoseiidae). Ann. Ent. Soc. Amer. 57: 362-367.

Mori, II. and N. Shinkaji (Eds.) 1977. Biological Control of Tetranychid Mites by
Phyloseiulus persimilis Athins-Henriot in Jupan. Japan Plant Protection Asso-
ciation, Tokyo.

Nelson-Recs, W.A., M.A, Iloy and R.T. Roush. 1980. Heterochromatinization,
chromatin elimination and haploidization in the parahaploid mite Metaseinlus
occidenialis (Nesbitt) (Acarina: Phytoseiidae). Chromosoma (Berl.) T7: 263-276.

Putman, W.L. 1962. Life-history and behavior of the predaceous mite Typhlodromus
(T.) caudiglans Schuster (Acarina: Phytoseiidae) in Ontario, with notes on the
prey of related species. Canad. Ent. 94: 163-177.

Rock, G.C, R.J. Monroe and D.R. Yeargan. 1976. Demonstration of a sex phero-
mone in the predaceous mite Neoseiulus fallacis. Environ. Entomol. 5: 264-266.

Takafuji, A. and D. A, Chant. 1976. Comparative studies of two predacious phyto-
sciid mites (Acarina: Phytoseiidae), with special reference to their responses
to the density of their prey. Res. Popul. Ecol. 17: 255-310.

Tanigoshi, L. K. 1982. Advances in knowledge of the biology of the Phytoseiidae.
In: Recent Advances in Knowledge of the Phytoseiidue (M. A. Hoy, ed.). Agricul-
tural Sciences Publications, U.C. Berkeley, CA. pp. 1-22.

Wardlaw, A.C. 1895. Practical Statistics for Experimental Biologists. John Wiley &
Sons Company, New York. 290 pp.



Some Aspects on the Reproduction of Phyteseiulus persimilis 407

SFNHEHEES (Phytoseinlus persimilis) BYAEF R

FEER o o O mRE ORHEN
BB RS A AR

R To £ B R SRR (Phytoseiulus persmilis) FABRRATHEE C-HAERH
EEMME 0 A SR TR o SRS B AT SRS TR  FUZHHERER
32°C HEHRE S0%RYHIRAS o WHNLEET GHEFHSTESN TR BREILA T -
R RBOR o S FIBNINE 2 A TS SO IS A RS ) » I - SRR R A — R RYAL
JE BT AT 42 RS BRI B At 4 ORI 0 2 45 SR AC BB o P DAFHIREE Y 5 FEoR (R A2 b e B2 ) e
TTFE T R 2 A% A0 5 Bk B e o B M R VR R B — R S VR M (ARG  Bbst » TR LB T
BAE

(WSS © 2R ~ AFUHIE D



