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Summary

Population growth and compatibility of Phytoseiulus persimilis Athias-Henriot
and Amblyseius bibens Blommers preying on Tetranychus cinnabarinus Boisd.
were studied using leaf arenas in series of Petri dishes, at 20+1°C and 90+5 % R.H. with
0.55 Klux lightning. Mean number of eggs, immature stages and females of T.
cinnabarinus regarding to A. bibens and P. persimilis in single and cohabiting
arenas were realized. The mean number of eggs, immature stages and females of T.
cinnabarinus were statistically in same group for single species P. persimilis and
cohabited arenas but they were different from single species A. bibens except adult
females.

Population densities of P. persimilis and A. bibens were found to be higher in
single species experiments than with the two predators cohabited arenas. Both predators
eliminated the prey in single and mixed species experiments. In contrast to P. persimilis,
A. bibens showed a relatively slower response to prey in single species experiments. The
highest average number of egg, immature stage and female of the prey was 308 total
stages/25 cm? with A. bibens, and 144 total stages/25 em? with' P." persimilis. In
cohabiting arenas, the average maximum number of prey was 232 total stages/25 cm?,
which was lower than that of A. bibens but was higher than that of P. persimilis in a
single species system.
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Competition pressure resulted lower population densities for both predators in
cohabited arenas, neither of the predator species completely outcompeted the other.
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cinnabarinus, population growth, interference
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Introduction

Spider mites are serious pests of many agricultural crops around the world
{Jeppson et al., 1975). Biological control of spider mites using phytoseiid mites
has been applied successfully in many countries (Wysoki, 1985; Bliimel and
Schausberger, 1996). Phytoseiulus persimilis Athias-Henriot is one of the
best natural enemies of tetranychid mites, especially in greenhouses, due to its
high reproductive rate, voracity and prey specific behaviour (Rasmy and Ellaithy,
1988; Goodwin and Wellham, 1992). However, the inability of P. persimilis to
survive in the absence of tetranychid mites requires repeated predator release for
every new spider mite infestation (Ashihara et al., 1978). Amblyseius bibens
Blommers, another important -predator of several plant feeding mites, feeds
primarily on spider mites eggs (Blommers and Van Etten, 1975). In contrast to P.
persimilis, A. bibens can reproduce on different kinds of food e.g. pollen and
phytophagous mites (Blommers et al., 1977). Thus, it might survive in the

~ absence of spider mites at the release sites,

For these reasons, using two or more predator species together in the same
system might be more effective against pests than using a single species; each
sufficing other's negative sides. According to mentioned ideas McMurtry et al.
(1984), Yao and Chant (1989), Croft and McRae (1992), and Gillespie and
Quiring {1992}, worked on compatibility of different phytoseiid species and used
more than one predatory species at their experiments. McMurtry et al. (1984)
stated that the released nine phytoseiid species did not significantly affect average
densities of Oligonychus punicae (Hirst) and that the population of a native
phytoseiid mite, Euseius hibisci (Chant), was reduced after the release of exotic
predators because of competition in Southern California. Croft and McRae
(1992), reported that control of spider mites was better in mixed-species releases
of Metaseiulus occidentalis (Nesbitt) and Typhlodromus occidentalis
Scheuten than in single-species release plots. Gillespie and Quiring (1992), found
that Orius tristicolor (White) and Amblyseius cucumeris Oudemans could

_be.. used _simultaneously . for. biological . contrel.. of. . western-- flower-=thrips i

(Frankliniella occidentalis (Pergande)) in greenhouse vegetable crops. Yao
and Chant (1989), studied population growth and predation interference between
Iphiseius degenerans (Berlese) and P. persimilis . and discussed their
compatibility for the multispecies predatory oriented biological control.
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Here, it was aimed to study the population growth and compatibility of P.
persimilis and A. bibens feeding on T. cinnabarinus under laboratory
conditions to have parameters for subsequent biological control experiments in
greenhouse. ‘

Materials and Methods

" Population growth and compatibility of P. persimilis and A. bibens
feeding on Tetranychus cinnabarinus Boisd. were examined using a series
of bean leaf arenas (about 25 cm?). Each leaf rested underside up on saturated
sponges lined with filter papers in Petri dishes (9.5 c¢m in diameter and 1.5 cm in
depth). The leaf was edged by a wet cotton string to prevent the predators and
prey escaping from arenas. Ten newly mated female prey, T. cinnabarinus,
were placed on each leaf. To determine population growth of P. persimilis and
A. bibens when cohabiting the same arena (mixed species), four P. persimilis
and four A. bibens eggs were transferred to the same leaf arenas together 24 h
after prey inoculation. In addition, population growth of P. persimilis and A.
bibens were followed individually (single species) by transferring 4 eggs of each
predator species separately to prey inoculated arenas. After the initiation of each
experiment, observations were made daily until the death of last prey and
predator. During the experiment, old leaf arenas were replaced as needed and all
the prey and predators were transfered to the new leaf arenas using a 000
camel’s-hair brush. The only prey available to the predators was the 10 initial
females and their offspring; there was no prey replenishment. The number of
eggs, immatures (larvae, protonymph, deutonymph) and adult female stages of
prey and predators were recorded daily. Mean number of different stages of T.
cinnabarinus when A. bibens and P. persimilis single species separately
and cohabited arenas were analysed using One-Way ANOVA, with means
separated by the Duncan multiple range test (Nissen, 1988).

Experiments were conducted at 20 = 1°C, 90 + 5 % RH with 16 hours of
0.55 Klux illumination in controlled chambers and repeated 10 times.

Results and Discussion

Mean number of different stages of T. cinnabarinus when A. bibens
and P. persimilis in single species separately and cohabited arenas are given in
Table 1.

The mean number of eggs (94.4), immature stages (42.1), females (3.8),
and total number of T. cinnabarinus (140.4) were the highest in single species
A. bibens arenas. In contrast to A. bibens, the mean number of all the
counted stages of T. cinnabarinus in single species P. persimilis arenas
were the lowest and the mean number of egg, immature stages, female and total
were found to be 35.6, 3.4, 3.0 and 42.1, respectively. Compared with single
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species arenas, in cohabiting arenas, all the mean numbers for different stages of
T. cinnabarinus were lower than those obtained from single species A.
bibens but higher in single species P. persimilis arena (Table 1).

Table 1. Mean number of Tetranychus cinnabarinus in Amblyseius bibens and Phytoseiulus
persimilis in single species separately and cohabiting arenas (Mean + SEM)*

T. cinnabarinus

Arenas Egg [mmature stg. Female Total
A. bibens (alone) 944 +195A 421+95A 38+x06 A 1404x221 A
P. persimilis (alone) 356108 B 34+13B 3.0x07 A 42.1+106 B

A. bibens + P. persimilis 50.1+15.6 B 80+31B 31x07 A 61.2+168 B

* Means followed by a different letter in the same column are significantly different (P = 0.05) based
on Duncan multiple range test.

Statistical comparison revealed that adult female numbers of T.
cinnabarinus did not show any differences both in single species and cohabited
arenas. But mean numbers of eggs and immature stages of T. cinnabarinus
were lower in P. persimilis single species and cohabited arenas than that of
single species A. bibens arena.

Population growth of P. persimilis and A. bibens in single species and
cohabiting arenas are shown in Figs. 1-3. When they were in single species
.arenas, the population densities of egg, immatures, and adult stage of both
predators were higher than that in cohabiting arenas, indicating the presence of
competition pressure in cohabiting arenas.

The first immatures and adults of P. persimilis from the eggs introduced
to the arenas had an immediate effect on prey population (Fig. 1) compared to
the effect of A. bibens in single-species trials (Fig. 2).

The peaks of egg and immature populations of P. persimilis in the
following cohort also occurred much earlier than with A. bibens in single
species arenas. The early population development of P. persimilis was due to
its high prey consumption rate and shorter oviposition period and development
time.

The age class composition of the prey showed that P..persimilis mainly

fed on immatures of T. cinnabarinus (Fig. 1). This predator eliminated the
prey from the arenas in a relatively short time, reached high population levels,
declined rapidly, and diminished due to starvation. The highest prey population
observed was 144 total stages/leaf arena.

86




350
T. cinnabarinus

300 +

: 8- Cpg
N 20T g~ immaturc stages
E | —e— adult femalc
0 200 -0~ total
n
o
u
0
J
2
02
[
E 24T
"6. a4 P. persimilis
[ M ‘Q.
¢ 187 T° °E8 N
i) —~0— immaturc stagcs - B,
£ 5T e adult fomale g ‘o

days

Figure 1. Population changes of Phytoseiulus persimilis and its prey, Tetranychus
cinnabarinus, in single species arenas. '

Despite its low consumption and development rate (Sabelis, 1981,
Sengonca and Lababidi, 1987; Zaman and Sekeroglu, 1992; Célkesen et al.,
1994), A. bibens also eliminated the prey from the arenas but its response was
rather slow; the egg and immature stages of the prey reached higher numbers
during the early period of the experiment (peak of 308 total stages/leaf arena) but
was gradually reduced to low levels {Fig. 2).
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Figure 2. Population changes of Amblyseius bibens and its prey, Tetranychus cinnabarinus,
in single species arenas.

The oviposition period and immature developmental time of this cohort
was extended over a longer time compared to that of P. persimilis. Adult

~ populations of both predators, slightly higher with P. persimilis than A,

bibens, were lower than other stages and showed no distinct peak.

The lower population densities of all stages of both predators indicated the
presence of competition pressure in cohabiting arenas (Fig. 3). However, neither
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of the predator species completely outcompeted the other from the arenas. The
average maximum number of prey (232 total stages/leaf arena) was lower than
with A. bibens but was higher than with P. persimilis in the single species
systems. This suggests that the presence of both predators in the same arena
exerted heavier predator pressure on T. cinnabarinus than A. bibens alone
but not as strong as P. persimilis alone. A. bibens was observed feeding on
eggs of P. persimilis even in the presence of prey. The tendency of A. bibens
to feed primarily on egg stages of spider mites was recorded by Blommers (1976).
A. bibens seemed to prefer egg stages without discriminating prey species. P.
persimilis was not observed to feed no any stages of A. bibens. Cannibalism
on eggs and larvae by P. persimilis was only observed in the absence of prey
but A. bibens showed no cannibalistic behaviour.

The decreased egg production and immature numbers of P. persimilis in
two- species system relative to one-species system suggested that P. persimilis
adults were not suffering from a food shortage, because the prey was more
abundant in two-species system. Moreover, the immatures require only relatively
small amount of food for survival and development. These observations on
differences in population changes between one and two-species systems and the
direct evidence from witnessing the feeding behaviour of A. bibens, indicated
that the greater mortality of P. persimilis was aftributed to predation by A.
bibens. In their interactive experiments, Yao and Chant (1989), reported that
higher mortality observed for P. persimilis in two species-system was caused by
predation by I. degenerans present in the system. In contrast to P. persimilis
the much lower population curves for egg and immatures of A. bibens in two-
species systems compared to those of when it was alone (Figs. 2 and 3) were
mainly due to starvation. By the time the individuals of A. bibens from the
introduced eggs reached the adult stage food was scarce and the prey was already
diminished as the first members of the cohort started to appear.

When natural enemies are used to control a pest population, the
introduction of multiple species of natural enemies often is considered to be a
favoured measure (Huffaker et al., 1971; Waage and Hassell, 1982; Croft and
McRae, 1992; Gillespie and Quiring, 1992). However competition may affect
population levels (McMurtry et al., 1984} and it may lead to competitive exclusion
(Ehler and Hall, 1982).

The results from this study suggest that despite the elimination of the pest
species from the arenas, the introduction of P. persimilis and A. bibens
together would not be advisable under limited food supply in restricted arenas
such as very local pest populations frequently seen in greenhouses. Before
drawing further conclusions on the impact of interspecific predation on the
population dynamics of cohabiting phytoseiid predators and their prey, the
possibility of such predation should be examined closely in the pest environment
both in greenhouses and open fields.
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Figure 3. Population changes of Amblyseius bibens and Phytoseiulus persimilis, and their
prey. Tetranychus cinnabarinus, in cohabiting arenas.

Ozet

Tetranychus cinnabarinus Boisd. (Acari: Tetranychidae) iizerinde beslenen

. Phytoseiulus persimilis. Athias-Henriot.ve Amblyseius-bibens-Blommers:(Acariz== o

Phytoseiidae)'in laboratuvar kosullarinda populasyon gelismesi ve etkilesimleri

Tetranychus cinnabarinus Boisd. {izerinde beslenen avai akar Phytoseiulus
persimilis Athias-Henriot ve Amblyseius bibens Blommers'in laboratuvar kosullarinda
populasyon gelismesi ve birbirlerine olan etkileri 20 + 1°C sicaklik ve % 90 * 5 nem iceren
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ortamda 0.55 Klux aydinlatma Kosullarinda Petri kaplarina yerlestirilen yaprak diskleri
lizerinde calisimistir. Avcr akarlarin ortamnda tek ve birarada oldugu kosullarda populasyon
gelisimlerine bagdh olarak T. cinnabarinus’'un yumurta, ergin &ncesi ve ergin disi
bireylerinin ortalama yogunluklan saptanmistr. T. cinnabarinus'un yumurta, ergin
6ncesi ve ergin  disi -bireylerinin ortalama yogunluklan P. persimilis'in ortamda tek ve
A. bibens ile birlikte bulundugu kosullarda istatistiki olarak aynt grup icinde yer alirken,
ortamda yalmzca A. bibens’in bulundugu kosullarda saptanan ortalama T. cinnabari-
nus yoduniugu ise ergin disi dxslnﬁa iki gruptan daha yiiksek ve istatistiki olarak farkh
bulunmugtur. , -

P. persimilis ve A. bibens'in ortamda tek olduklarinda saptanan ortalama
yogunluklan ikisinin birarada bulundugu kosullarda saptanan yogunluktan daha yiiksek
olmustur. A. bibens, P. persimilis'in aksine ortamda tek avci bulundugu kosullarda
daha yavas populasyon gelismesi gdstermistir. En yiiksek ortalama av yogunlugu A.
bibens'in tek olarak bulundugu kosullarda 308 adet/25 cm? olarak gerceklesirken, bu
deger P. persimilis icin 144 adet/25 cm? olmustur. Her iki avci akarin birarada oldugu
kosullarda ise ortalama en yiksek T. cinnabarinus degeri 232 adet/25 cm? olarak
saptanmugtir. Bu deger A. bibens'in ortamda tek oldugu kosullarda elde edilen degerden
daha diisiik olurken, P. persimilis icin bulunan degerden daha yiiksek olmustur.

Avct akarlar arasindaki cekisme nedeni ile her iki tiirtin bir arada bulundugu
kosullarda her iki avc: akar tlirli icin daha diisiik populasyon yogunlugu saptanmis, yalniz
cekisme nedeni ile ti}rlef‘;in hicbirisi ortamdan yok olmarmstir,

Acknowled:;;ement

The authors wish to thank two anonymous reviewers for comments on the
manuscript. 4

Literatiir

Ashihara, W. N. Shinkaji and T. Hamamura, 1978. Feeding, reproduction and develop-
ment of P. persimilis on various food substances. Bull. Fruit Tree Res. St.
Japan. E2: 91-98.

Blommers, L. and J. Van Etten, 1975 Amblyseius bibens (Acarina: Phytoseiidae) a
predator of spider mites (Tetranychidae) in Madagascar. Entomol. exp. appl.,
18: 329-336.

Blommers, L., 1976. Capacities for increase and predation in Amblyseius bibens
(Acarina: Phytoseiidae). Z. Ang. Ent., 81: 225-244,

Blommers, L., P. Lobbes, P. Pink and F. Wegdam, 1977. Studies on the response of
Amblyseius bibens (Acarina: Phytoseiidae) to conditions of prey scarcity.
Entomophaga, 22: 247-258.

Blimel, S. and P. Schausberger, 1996. Current status of IPM in greenhouses in Austria.
IOBC-WPRS Bull., 19: 19-22.

Croft, B.A. and LV. McRae, 1992. Persistence of Typhlodromus pyri and Meta-
seiulus occidentalis (Acari: Phytoseiidae) on apple after inoculative release and
competition with Zetzellia mali (Acari: Stigmaeidae). Environ. Entomol., 21:
1168-1177.

91



Colkesen, T., K. Zaman and E. Sekeroglu, 1994, Comparative biology of predacios mites,
Amblyseius bibens Blommers gnd A. longispinosus Evans (Acarina:
Phytoseiidae). XII. National Congress of Biology, July 6-8. (Edirne-Turkey): 96-101
{in Turkish).

Ehler, L.E. and R.W. Hall, 1982. Evidence for competitive exclusion of introduced natural
enemies in biological control. Environ, Entomol., 11: 1-4.

Gillespie, D.R. and D.J.M. Quiring, 1992. Competition between Orius tristicolor
(White) (Hemiptera: Anthocoridae) and Amblyseius cucumeris (Oudemans)
{Acari: Phytoseiidae) feeding on Frankliniella occidentalis (Pergande)
(Thysanoptera: Thripidae). Can. Ent., 124: 1123-1128.

Goodwin, S. and T.M. Wellham, 1992. Comparison of dimethoate and methidathion
tolerance of four strains of Phytoseiulus persimilis (Athias-Henriot) {Acarina:
Phytoseiidae) in Australia. Exp. Appl. Acarol., 16: 255-261.

Huffaker, C.B., P.S. Messenger and P. Debach, 1971. The natural ‘enemy component in
natural control and the theory of biclogical control. In: Biglogical Control (C.B.
Huffaker, ed.) Plenum Press, New York: 349-377.

Jeppson, L.R., H.H. Keifer and E.-W. Baker, 1975. Mites injurious to economic plants.
Univ. of Calif. Berkeley Press, California, 614 pp.

McMurtry, J.A., H.G. Johnson and M.H. Ball, 1984. Experiments to determine effects of
predator releases on populations of Oligonychus punicae (Acarina:
Tetranychidae) on Avocado in California. Entomophaga, 9: 11-19. '

Nissen, O., 1988. A microcomputer program for the design, management, and analysis of
agronomic research experiment. MSTAT, Michigan State Upiversity, Michigan.

Rasmy, H.A. and Y.M. Ellaithy, 1988. Introduction of P. persimilis for two spotted
spider mites in greenhouses in Egypt (Acarina: Phytosgiidae, Tetranychidae).
Entomophaga, 33: 435-438.

Sabelis, M.W., 1981. Biological control of two spotted spider mite using phytoseiid
predator-prey interaction at the individual level. Centre for Agricultural Publishing
and Documentation, Wageningen, 242 pp.

Sengonca, C. and M.S. Lababidi, 1987. A research on the efficiency of various predatory
mites against cotton spider mite Tetranychus cinnabarinus Boisd. (Acari:
Phytoseiidae, Tetranychidae) under laboratory conditions. P(oc First Turkish Nat.
Cong. of Ent., October 13-16 (Izmlr Turkey): 531-41 (in Turkish).

Waage, J.K. and M.P. Hassell, 1982. Parasitoids as biological control agents - A
fundamental approach. Parasitology, 84: 241-268.

Wysoki, M., 1985. Control of Tetranychidae in other outdoor crops in: World Crop Pests,
Spider mites, Their Biology, Natural Enemies and Control. Volume IB (W. Hell and
M. W. Sabelis, eds.) Elsevier Sci. Pbl., Amsterdam: 375-84.

Yao, D.S. and D.A. Chant, 1989. Population growth and predation interference between
two species of predatory phytoseiid mites (Acarina: Phytoseudae) in interactive
--.systems.. Qecologia, 80:.443-455, e :

Zaman, K. and E. Sekeroglu, 1992. Biology, feeding characteristics, and life tables of
Amblyseius bibens Blommers, {Acarina: Phytoseiidae) on two different host
plants. Proc. Second Turkish Nat. Cong. of Ent., January 28-31 (Adana, Turkey):
157-169 {in Turkish).

92



