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ABSTRACT: Biology, life table parameters and predation rate of the predatory mite Zetzellia mali (Ewing) (Acari: Stigmaeidae) 
feeding on eggs of Tetranychus urticae Koch (Acari: Tetranychidae) on apple leaves were studied at 25±1ºC, 65±5% RH and a 
photoperiod of 16:8 (L:D) hours. The following average parameters were obtained: Female longevity is 10±0.73 days, fecundity 
is 1.42 eggs/female/day, egg mortality is 21%, preoviposition period is 1.81±0.2 days, oviposition period is 5.4±0.6 days, post ovi-
position period is 1.3±0.4 days, juvenile development time is 12.18±0.34 days, juvenile mortality is 22%, sex ratio is 0.72 (female/
female plus male). Life table parameters were estimated as net reproductive rate (R0) 7.25, intrinsic rate of increase (rm) 0.146 
days-1, finite rate of increase (λ) 1.15, mean generation time (T) 12.88 days and doubling time (DT) 4.71 days. Average daily pre-
dation of Z. mali females on T. urticae eggs was 3.14. Thus it is concluded that Z. mali can be considered as a valuable addition 
to the existing IPM methods for spider mites control.
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INTRODUCTION

Tetranychus urticae Koch (Acari: Tetrany-
chidae) is one of the most important pest mites on 
fruit trees and woody ornamental plants in the 
World. The mobile stages of this mite feed on the 
leaf surface and young terminal shoots of plants 
with their piercing-sucking mouthparts and cause 
yellow spots on the leaves. Besides, it also causes 
indirect damage by laying eggs on the leaf surface 
and covering them with silky thread. At high pop-
ulation levels, it may cause defoliation (Kafil et al. 
2007). A major problem in controlling these spi-
der mites is their ability to develop rapid resistance 
to miticides after only a few applications. Farmers 
responded to this by increasing the dosage and fre-
quency of sprays, but this irrational use of pesti-
cides only speed up the development of pesticide 
resistance in T. urticae.

To reduce pesticide input and associated risks 
and costs, biological control of spider mites is 
widely used world wide (Mo and Liu 2006). The 
family Stigmaeidae includes potentially important 
predaceous mite species found throughout the 
World on plants and in the soil feeding on tetrany-
chids, tenuipalpids and eriophyids (Nelson et al. 
1973; Santos and Laing 1985; Villanueva and 
Harmsen 1998; Kheradmand et al. 2007). After 
phytoseiid mites, stigmaeids, specially the genera 
Agistemus Summers and Zetzellia Oudemans, are 
considered the most important spider mite preda-
tors (Santos and Laing 1985; Kheradmand et al. 
2007). Zetzellia mali (Ewing) is a predator of both 
apple rust mites and spider mites and occurred 
throughout the apple orchards of Iran (Jamali et al. 
2001; Zahedi-Golpayegani et al. 2007). In eastern 
North America, it can adequately assist in the con-
trol of mite pests, especially early in the spring 

and from mid-summer until fall (Kain and Nyrop 
1995). 

Zetzellia mali by itself is the least likely mite 
to provide effective biological control. It doesn’t 
have phytoseiids’ potential for rapid population 
growth and may compete with them by consuming 
their eggs and competing for common prey. How-
ever, Z. mali has many attributes that contribute to 
biological mite control. It can survive on a variety 
of alternative foods and persist for long periods 
without prey and eventually reach densities capa-
ble of controlling pest mites. Z. mali can also com-
plement biological control by phytoseiids by feed-
ing on stationary forms of pest mites (Kain and 
Nyrop 1995). Clements and Harmsen (1992) 
showed that a combination of stigmaeids and phy-
toseiids have greater efficacy than either predator 
alone over a wide range of prey densities.  

Life table and development rate of Z. mali 
feeding on Aculus schlechtendali Nalepa (Acari: 
Eriophyidae) were studied by White and Laing 
(1977) in laboratory conditions. Santos (1991) 
suggested that Z. mali in natural ecosystems, re-
spond more to the density of A. schlechtendali 
than to the density of Panonychus ulmi Koch. 
Lawson and Walde (1993) showed that Z. mali in-
creased patch residence time in response to the 
presence of P. ulmi eggs. Walde et al. (1995) de-
termined that in laboratory choice trials, prey pref-
erence of Z. mali varies with the relative but not 
absolute density of its prey. Jamali et al. (2001) 
studied the biology of Z. mali in Karaj, Iran.

Demographic studies have several applica-
tions: analyzing population stability and structure; 
estimating extinction probabilities; predicting life 
history evolution; predicting outbreak in pest spe-
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cies and examining the dynamics of colonizing or 
invading species (Haghani et al. 2006). There is a 
little information about Z. mali and its efficacy as 
a biological control agent of spider mites. To ex-
plore the potential of using Z. mali in controlling 
spider mites more information is needed. The ob-
jective of this study was to determine all major 
biological parameters of Z. mali feeding on eggs 
of T. urticae on apple, including development, re-
productive and fecundity, life table parameters 
and predation under laboratory conditions.

MATERIALS AND METHODS

Mite cultures

Adult females of Z. mali were collected from 
an apple orchard located in the vicinity of 
Maragheh city (Northwestern Iran) in June 2007. 
Modified apple leaf arenas consisting of a water 
saturated foam pad placed in a plastic box 
(10×20×0.5 cm3). A water saturated layer of cot-
ton was placed over the foam pad, 4–5 mature 
apple leaves were placed on cotton layer with the 
upper surface facing down. Each leaf petiole was 
covered with a saturated cotton strip. Approxi-
mately 40 or more Z. mali adults were transferred 
using a fine brush to individual apple leaf arenas 
infested with eggs of T. urticae. Additional T. ur-
ticae females were added to each arena before all 
of their eggs were consumed. About 20 leaf are-
nas (4 per plastic box) were maintained in an in-
dividual growth chamber (WTB Binder Labortech-
nik GmbH, Tuttlingen, Germany) that provide 
constant temperature of 25±1ºC and air circula-
tion. The relative humidity inside the chamber 
ranged between 60% and 70%. T. urticae stock 
colony initiated with specimens collected from 
bean fields and maintained on apple leaf arenas. 
The mites were transferred to new arenas every 
10 days.

Experimental design

To follow the different stages of Z. mali, fe-
males were isolated in 2 cm2 arenas of apple tree 
leaf prepared as previously described but a layer 
of filter paper was used instead of cotton layer. 
Every 4 arenas were kept in a 10 cm Petri dish 
containing water. The trays with mites were main-
tained in rearing chamber at 25±1ºC temperature, 
65±5% RH and 16:8 L:D photophase. After ovi-
position the females were removed as well as all 
but one egg per arena. By using a stereomicro-
scope to determine the developmental times of the 
larval, protonymphal and deutonymphal stages, 
individuals were observed every 24 h until they 

reached the adult stage. At the adult stage, sexes 
were determined (male is less robust and idiosoma 
tapering posteriorly) and only females were used 
for determination of developmental times. Fol-
lowing Jamali et al. (2001) results, ten T. urticae 
eggs were used as prey, every 24 h the number of 
consumed eggs was counted and the remaining 
eggs were replaced by new ones to avoid their 
hatching. Developmental stages, sex ratio, surviv-
al rate, predation rate and the number of eggs de-
posited were recorded daily. The study was initi-
ated with 100 eggs which resulted in 11 females 
reaching to the end of experiment. Female longev-
ity and fecundity were measured and the follow-
ing table parameters were calculated : 

— The age specific survival (l
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— Gross reproductive rate (GRR) = ∑ xm

RESULTS

Z. mali had 5 developmental stages: egg, lar-
va, protonymph, deutonymph and adult with every 
active immature stage followed by a quiescent 
one. The average life time was 22.18±1.07 days 
(Table 1) with 9.62% of lifespan corresponding to 
adulthood. The egg stage had the longest duration 
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of immature stages (59.95% of life time). These 
developmental periods combined with the daily 
survival and oviposition rate in Fig. 1. The net re-
productive rate (R

0
) was 7.25, the intrinsic rate of 

increase (r
m
) was 0.146 day-1, the finite rate of in-

crease (λ) was 1.15, the mean generation time (T) 
was 12.88 days and the doubling time (DT) was 
4.71. Calculated L

x
, T

x
, e

x
 and C

x
 are shown in Ta-

ble 2.
Z. mali females started to lay eggs when they 

were 1.81±0.2 days old. The oviposition period 
lasted 5.4±0.6 days (n=11) and postoviposition 
period was 1.3±0.4 days. In this experiment the 

mean life time of females was found to be 10±0.73 
days, the oviposition period thus amounting to 
54% of female entire life time. The total number 
of eggs produced by Z. mali females fed on T. ur-
ticae eggs was 7.7±0.75 per female. During the 
oviposition period the number of eggs laid daily 
by a female varied from 0–4 with the average be-
ing 1.42 eggs/ day. Totally, 79% of eggs hatched 
and 72% of hatched eggs were female. This spe-
cies is arrhenotokous, with unfertilized eggs re-
sulting in male progenies. Mean predation rate of 
Z. mali feeding on eggs of T. urticae in each stage 
is presented in Table 1.

Table 1.
Duration (days) of Z. mali life-history stages on apple tree leaves at 25±1ºC, 65±5% RH and 16:8 L:D 

photophase

Life stage Daily predation on T. urticae eggs Average±SE N
Egg – 4.84±0.1 79
Larva 0.38±0.1 1.9±0.1 65
Protochrysalis 0 1.04±0.02 50
Protonymph 1.38±0.14 1.28±0.07 47
Deutochrysalis 0 1±0 43
Deutonymph 2.05±0.16 1.12±0.05 40
Teleiochrysalis 0 1±0 31
Immature combined – 12.18±0.34 –
Pre-ovipositing female 3.76±1.01 1.81±0.2 11
Ovipositing female 4.26±0.15 5.4±0.6 11
Post-ovipositing female 1.42±0.23 1.3±0.4 11
Adult female – 10±0.73 11
Overall life stage – 22.18±1.07 –

Fig 1. The age specific survival (lx) and age-specific fecundity (mx) (♀/♀) of Zetzellia mali on apple tree leaves.
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Table 2.
Calculated values of Lx, Tx, ex and Cx for Z. mali at 25±1ºC, 65±5% RH and 16:8 L:D photophase

x Lx Tx ex Cx

1 1 16.09 16.09 0.157
2 1 15.09 15.09 0.135
3 1 14.09 14.09 0.117
4 1 13.09 13.09 0.101
5 0.98 12.09 12.09 0.087
6 0.92 11.11 11.57 0.072
7 0.86 10.19 11.57 0.057
8 0.83 9.32 10.97 0.048
9 0.81 8.49 10.48 0.039
10 0.80 7.68 9.48 0.034
11 0.79 6.88 8.6 0.029
12 0.76 6.09 7.8 0.024
13 0.72 5.32 7.1 0.020
14 0.69 4.6 6.57 0.016
15 0.68 3.91 5.75 0.013
16 0.64 3.23 4.75 0.011
17 0.56 2.58 4.23 0.009
18 0.49 2.02 3.88 0.006
19 0.39 1.52 3.24 0.005
20 0.31 1.13 3.66 0.003
21 0.28 0.82 2.66 0.002
22 0.21 0.54 2.18 0.001
23 0.18 0.33 1.83 0.001
24 0.12 0.15 0.83 0.0009
25 0.03 0.03 0.5 0.0002
26 0 0 0 0

DISCUSSION

Data of Z. mali feeding on T. urticae eggs 
were used to analyze all major life table parame-
ters. There is no published information on the life 
table parameters for Z. mali feeding on T. urticae 
eggs. We showed that Z. mali can develop and re-
produce on T. urticae eggs in laboratory condi-
tions. White and Laing (1977) reported that the 
larvae of Z. mali can not feed on P. ulmi eggs and 
develop into protonymphs but we found that all 
mobile developmental stages of Z. mali feed on T. 
urticae eggs. Our results on the mean generation 
time and sex ratio of Z. mali were very close to 
those of White and Laing’s (1977) using the apple 
rust mite as prey at 24±1ºC and 51% RH. The 
mean generation time and sex ratio of Z. mali on 
T. urticae eggs at 21°C, 75% RH, and 16:8 L:D 

photoperiod reported by Jamali et al. (2001) were 
20.75 days and 2.1 females/males respectively. 
The difference might result from different labora-
tory conditions.

In this research, the egg stage had the longest 
duration (59.95% of the total life time), followed 
by the larval stage (13.03%), adult (9.62%), proto-
chrysalis (4.8%), protonymph (3.9%), deutochrys-
alis (3.4%), deutonymph (2.9%), and teleiochrys-
alis (2.4%). The approximate proportions of the 
population at each stage reported by White and 
Laing (1977) at 19°C temperature and 56% RH 
were as follows: egg 59%, larvae 15%, proto-
nymph 7%, deutonymph 5% and adult 13%. Adult 
females laid eggs in 1.5–2 days (average 1.8 days) 
after emergence. However considering all imma-
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ture stages it was estimated that it takes 14.0 days 
for a newly laid egg to develop into adults and ini-
tiate laying eggs. Each Z. mali female deposited 
4–11 eggs over an oviposition period of 3–9 days. 
Preovipositional and ovipositional periods of Z. 
mali reported by White and Laing (1977) were 1.5 
and 9.4 days respectively and each female laid an 
average of 15 eggs during the oviposition period. 
Jamali et al. (2001) showed that the average pre-
oviposition and oviposition periods lasted 4.6±0.14 
and 11.7±2.14 days respectively and adult females 
laid 1.05±0.1 eggs per day.

Natural mortality (22%) over all immature 
stages of Z. mali in our study was relatively low. 
The survival rate of Z. mali adults sharply de-
creased immediately after the reproductive period, 
indicating that most individuals survived to the 
end of their life cycle and died at their maximal 
age. We found that each the adult female of Z. 
mali consumed an average of 3.14 eggs per day 
and was the most voracious during their oviposi-
tion period (4.26 eggs/day). Jamali et al. (2001) 
reported that each adult consumed 2.22 (1–4) T. 
urticae eggs per day. It seems that high tempera-
tures can cause an increase in the predation rate. 
Adult females of Z. mali consume an average of 
12.5 motile Aculus schlechtendali per day (White 
and Laing, 1977).

The intrinsic rate of increase (r
m
) is the most 

important parameter for describing the growth 
potential of a population under given climatic and 
food conditions, because r

m
 reflects an overall ef-

fect on development, reproduction and survival 
(Southwood and Handerson 2000). In theory, a 
predator that has a population growth rate lower 
than its prey can not control its prey. In biological 
control the r

m
 value is one of the most important 

criteria in selecting biological control candidates 
on the basis of its reproductive potential and to 
predict the outcome of interaction of the pest and 
the beneficial agent once a beneficial agent is in-
troduced into a crop system. The r

m
 value of Z. 

mali feeding on T. urticae eggs found in this study 
(0.146 day-1) was greater than those determined 
by White and Laing (1977). A comparison of 
some intrinsic characteristics of Z. mali and phy-
tophagous mite T. urticae can help to visualize 
the relative potential of Z. mali to regulate tet-
ranychid mites. The intrinsic rate of increase (r

m
) 

of T. urticae is 0.143 day-1 (Laing 1969) is slight-
ly lower than that found in this study for Z. mali. 
Other stigmaeid predators such as Agistemus in-
dustani, A. cyprius and A. floridanus had lower 

intrinsic rate of increase when provided with P. 
citri eggs and ice plant pollen at 25ºC (Goldaraz-
ena et al. 2004).

There are several advantages of using Z. mali 
as a biological control agent of spider mites be-
cause it can survive on several alternative foods 
when its preferred prey is not present and thus can 
live for long periods without prey. Santos (1982) 
observed that Z. mali can survive 23.6 days with-
out any food on leaves. Because of its feeding ver-
satility, Z. mali can eventually reach population 
densities capable of controlling pest mites. Pesti-
cides that are considered moderately toxic to pred-
ators may have little or no long term effect on their 
populations when applied in low quantities, but if 
they are used too often they will have a negative 
effect. It may take up to three years to establish a 
population of predators high enough to control 
pest mites. Integrated pest management strategies 
can help establish colonies of predatory mites 
(Kain and Nyrop 1995).

The results of the current study provide in-
formation that will help facilitate the more effec-
tive control of spider mites by the stigmaeid pred-
ator. Additional research is needed to identify 
viable and improved pollen sources, if available, 
for the development of Z. mali and other stig-
maeid species.

ACKNOWLEDEGEMENT

This research was partly supported by a grant 
(No. 84-63) from Iran National Science Founda-
tion and partly from office of vice president for 
research affairs, Tarbiat Modares University, Teh-
ran, Iran, which is greatly appreciated.

REFERENCES

Birch, L.C. 1948. The intrinsic rate of natural increase 
of an insect population. Journal of Animal Ecolo-
gy, 17: 15–26.

Carey, J.R. 1993. Applied demography for biologists 
with special emphasis on insects. Oxford Univer-
sity Press, 211 pp.

Clements, D.R. and Harmsen, R. 1992. Stigmaeid-phy-
toseiid interactions and impact of natural enemy 
complex on plant-inhabiting mites. Experimental 
and Applied Acarology, 14: 327–341.

Goldarazena, A., Aguilar, H., Kutuk, H., and Childers, 
C.C. 2004. Biology of three species of Agistemus 
(Acari: Stigmaeidae): life table parameters using 
eggs of Panonychus citri or pollen of Malephora 
crocea as food. Experimental and Applied Acarol-
ogy, 32: 281–291.

Haghani, M., Fathipour, Y., Talebi, A.A., and Bania-
meri, V. 2006. Comparative demography of Liri-



S. Khodayari, K. Kamali and Y. Fathipour

196

omyza sativae Blanchard (Dip: Agromyzidae) on 
cucumber at seven constant temperatures. Insect 
Science, 13:477–483.

Jamali, M.A., Kamali, K., Saboori, A., and Nowzari, J. 
2001. Biology of Zetzellia mali (Ewing) (Acari: 
Stigmaeidae) in Karaj, Iran. Systematic and Ap-
plied Acarology, 5: 55–60.

Kafil, M., Allahyari, H., and Saboori, A. 2007. Effect 
of host plants on developmental time and life table 
parameters of Amphitetranychus viennensis (Ac-
ari: Tetranychidae). Experimental and Applied 
Acarology, 42: 273–281.

Kain, D. and Nyrop, J. 1995. Predatory mites. Insect 
identification fact sheet No.23. Cooperative Ex-
tension, Cornell University, Ithaca, NY.

Kairo, M.T.K. and Murphy, S.T. 1995. The life history 
of Rodolia iceryae Janson (Coleoptera: Coccinel-
lidae) and the potential for use in innoculative re-
lease against Icerya pattersoni Newstead (Ho-
moptera: Margarodidae) on coffee. Journal of 
Applied Entomology, 119: 487–491.

Kheradmand, K., Ueckermann, E.A., and Fathipour, Y. 
2007. Mites of the genera Zetzellia and Eustig-
maeus from Iran (Acari: Stigmaeidae). Acarina, 
15: 143–147.

Laing, J.E. 1969. Life history and life table of Tetrany-
chus urticae Koch. Acarologia, 11(1): 32–42.

Lawson, A.B. and Walde, S.J. 1993. Comparison of re-
sponses of two predaceous mites, Typhlodromus 
pyri and Zetzellia mali to variation in prey density. 
Experimental and Applied Acarology, 17: 
811–821.

Mo, T.L. and Liu, T.X. 2006. Biology, life table and 
predation of Feltiella acarisuga (Dip: Cecidomyi-
idae) feeding on Tetranychus cinnabarinus eggs 
(Acari: Tetranychidae). Biological Control, 39: 
418–426.

Nelson, E.E., Croft, B.A., Howitt, A.J., and Jones, A.L. 
1973. Toxicity of apple orchard pesticides to Ag-
istemus fleschneri. Environmental Entomology, 2: 
219–222.

Santos, M.A. 1982. Effect of low prey densities on the 
predation and oviposition of Zetzellia mali (Acari: 
Stigmaeidae). Environmental Entomology, 11: 
972–974.

Santos, M.A. 1991. Searching behavior and association-
al response of Zetzellia mali (Acari: Stigmaeidae). 
Experimental and Applied Acarology, 11: 81–87.

Santos, M.A. and Laing, J.E. 1985. Stigmaeid preda-
tors. In: Hell, W. and Sabelis, M.W. (Eds.). Spider 
Mites: Their Biology, Natural Enemies and Con-
trol. Vol. 1B. Elsevier, Amsterdam, The Nether-
lands, pp. 197–203.

Southwood, T.R.E. and Henderson, P.A. 2000. Eco-
logical methods. Third edition. Blackwell Scienc-
es, Oxford, 524 pp.

Villanueva, R.T. and Harmsen, R. 1998. Studies on the 
role of the stigmaeid predator Zetzellia mali in the 
acarine system of apple foliage. Proceeding of the 
Entomological Society of Ontario, 129: 149–155.

Walde, S.J., Magagula, C.N., and Morton, M.L. 1995. 
Feeding preference of Zetzellia mali: does abso-
lute or relative abundance of prey matter more? 
Experimental and Applied Acarology, 19 (6): 
307–317.

White, N.D.G. and Laing, J.E. 1977. Some aspects of 
the biology and a laboratory life table of the acar-
ine predator Zetzellia mali. Canadian Entomolo-
gist, 109: 1275–1281.

Zahedi-Golpayegani, A., Saboori, A. and Sabelis, M.W. 
2007. Olfactory response of the predator Zetzellia 
mali to prey patch occupied by a conspecific pred-
ator. Experimental and Applied Acarology, 43 (3): 
199–204.


