EcoLoGY AND BEHAVIOR
Demographic Traits of Tetranychus urticae (Acari: Tetranychidae) on
Leaf Discs and Whole Leaves
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ABSTRACT Life tables of twospotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae),
were studied on leaf discs and whole leaves of the common bean plant, Phaseolus vulgaris L. Data were
analyzed based on the age-stage, two-sex life table theory. Durations of deutonymph stage, total preadult
stage, and preoviposition period of mites reared on whole leaves (1.22, 7.6, and 0.29 d, respectively) were
significantly shorter than those reared on leaf discs (1.73, 8.2, and 0.89 d, respectively). The lifetime
fecundities were 22.81 and 12.05 offspring on whole leaves and leaf discs, respectively. Although hooked
trichomes on the lower surface of the bean leaf contribute to adult mortality, spider mites successfully
survive and reproduce on bean plants. The intrinsic rate of increase on whole leaves (0.235d ") was higher
than that on leaf discs (0.159d ). Higher intrinsic rate and fecundity found in mites reared on whole leaves
may be due to the higher nutritional quality of whole leaves over leaf discs. We suggest that whole leaves
should be used in future studies to better simulate realistic life history characteristics. The advantages of
using age-stage, two-sex life tables over female age-specific life tables are discussed.
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The twospotted spider mite, Tetranychus urticae Koch
(Acari: Tetranychidae), is a serious cosmopolitan pest
species commonly found on many horticultural and
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agricultural crops. More than 900 species of host plants
have been recorded for T. urticae (Bolland et al. 1998).
It has been recognized as an exotic species for Taiwan
and is now considered to be the second most impor-
tant spider mite among the 10 major species present in
Taiwan (Ho 2000).

Life tables are an important tool in the study of
population ecology and invasiveness of introduced
species (Sakai et al. 2001), conservation (Wilcox and
Murphy 1985), demographic ecotoxicology (Stark and
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Banks 2003), harvesting theory (Chi 1994), and pest
control timing (Chi 1990). Life tables of T. urticae
mites maintained on leaf discs have been studied using
traditional female age-specific life table methods by a
number of researchers (Shih et al. 1976; Wermelinger
et al. 1991; Krips et al. 1998; Bounfour and Tanigoshi
2001; Kasap 2002, 2004; Marcic 2003; Sim et al. 2003;
Martinez-Villar et al. 2005). Problems encountered
when using the female-based age-specific life table
have been discussed by Chi (1988) and Chi and Yang
(2003). An age-stage, two-sex life table theory was
developed to resolve these problems by including the
stage differentiation and male population (Chi and
Liu 1985, Chi 1988). The age-stage, two-sex life table
theory has been used for beneficial as well as for pest
insects (Yu et al. 2005, Amir-Maafi and Chi 2006, Chi
and Su 2006, Mo and Liu 2006). In this study, we
determined the life table of T. urticae based on the
age-stage, two-sex life table theory. Many of the stud-
ies on T. urticae have been conducted using leaf discs.
Because decay and desiccation of leaf discs affect the
leaf quality, mites need to be transferred to new discs
every 3-4 d (Haque et al. 2007). Other problems have
been reported when leaf discs have been used, in-
cluding mite runoff and mites becoming trapped in the
barriers (Kabir et al. 1993, Bounfour and Tanigoshi
2001, Auger et al. 2003, Kavousi and Talebi 2003).
Biochemical and physiological differences between
plant tissues of leaf discs, excised whole leaves and
intact leaves attached to plants have been noticed in
beetles (Huang et al. 2003). In addition, evidence
linking the effects of nutritional quality of the host
plants to life history traits and population parameters
of T. urticae have been demonstrated by Wermelinger
et al. (1991). Based on these observations the ideal
situation would be to use whole plants. However, due
to the difficulties involved and complexities encoun-
tered when whole plants were used in life table studies
we, instead decided to use whole leaves as well as leaf
discs (the traditional method) to determine whether
there were measurable adverse effects attributable to
using the leaf discs.

Materials and Methods

Plants. Seeds of the common bean plant, Phaseolus
vulgaris L., were sown in plastic pots (10.5 cm in
diameter, 8.5 cm in height) filled with the substrate
Potgrond H (Klasmann-Deilmann GmbH, Geeste,
Germany). Pots were kept in large trays for ease of
transportation. Plants were maintained at 25 * 1°C,
65 = 5% RH, and a photoperiod of 16:8 (L:D) h. When
the plants reached 30 cm height, they were used for
rearing mites.

Spider Mites. Spider mites were obtained from a
laboratory colony reared on P. vulgaris in the Taiwan
Agricultural Research Institute, Taichung, Taiwan,
Republic of China. Mites were mass reared on plants
kept at the above conditions.

Life Table Study on Leaf Discs. Twenty-millime-
ter-diameter discs of trifoliate leaves of P. vulgaris
were placed upside down on water-saturated cotton
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wool pads in 9-cm petri dishes, and a single female
was placed on each leaf disc. One hundred petri
dishes were then placed in growth chambers (25 +
2°C, 80 * 5% RH, and a photoperiod of 16:8 [L:D]
h). After 1 d, a single egg was left on each leaf disc,
and the remaining eggs and female were removed.
The development and survival were recorded every
24 h until the death of each individual. For females,
the daily fecundity of individual mites was also re-
corded. When an individual developed to the adult
stage, it was paired with an individual of the oppo-
site sex from the cohort. Because more females than
males emerged, additional young males from the
mass rearing colony were used for mating when
necessary. Data from these males were not included
in life table analyses. Missing individuals were ex-
cluded from the analyses. Leaf discs were normally
replaced weekly, unless obvious wilt, desiccation, or
other abnormalities were noticed, requiring earlier
replacement.

Life Table Study on Whole Leaves. Fifty trifoliate
leaves with petioles were removed from the plants.
The petioles were wrapped with cotton wool and
inserted into individual glass tubes (1 cm in diameter
by 3 cm in height) filled with water. One female adult
mite was placed on each leaf. Each leaf was then
placed into separate transparent plastic cups (9 cm in
diameter by 5.5 cm in height) and capped. A 1-cm?®
hole was cut in the caps for ventilation. The cups were
then kept in a growth chamber with conditions iden-
tical to those used with the leaf discs (25 = 2°C, 80 =
5% RH, and a photoperiod of 16:8 [L:D] h). After 1d,
one egg was left on each leaf, and the remaining eggs
as well as the female were removed. A data logger
(HOBO U12, Onset Computer Corporation, Bourne,
MA) was placed inside a cup with aleaf and water tube
as a control to record conditions inside the cups. The
average relative humidity inside the cup was 10%
higher than inside the growth chamber. The life his-
tory data were recorded as described for the leaf disc
method. The whole leaves, with very few exceptions,
maintained their condition for the duration of the life
study. When necessary, wilting or desiccating leaves
were replaced with new leaves.

Life Table Analysis. The life history raw data of all
individuals were analyzed based on the age-stage, two-
sex life table theory (Chi and Liu 1985) and the
method described by Chi (1988). The age-stage spe-
cific survival rate (s,;, where x = age and j = stage),
age-stage specific fecundity (f,;), age-specific survival
rate (L), age-specific fecundity (m,), life expectancy
(e,;) and reproductive value (v,;), preoviposition pe-
riod of female adult (APOP), and total preoviposition
period of female counted from birth (TPOP) were
calculated. The population parameters (r, intrinsic
rate of increase; A, finite rate of increase; Ry, net
reproduction rate; and T, the mean generation time)
were calculated as well. Intrinsic rate of increase was
estimated by using the iterative bisection method from
the Euler-Lotka formula:
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Life history statistics (mean = SE) of T urticae on leaf
dises and whole leaves

Leaf disc

Whole leaf
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Leaf disc

—e— Egg

—e— Larva
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—8— Male

Statistics mean = SE mean * SE df P
Developmental time
Egg 3.68 £0.06 3.47*010 1.88 119 0.630
Larva 145+0.06 1.53*0.08 0.70 111 0.487
Protonymph 1.33+0.06 141 *+0.09 069 90 0.493
Deutonymph 173 +0.06 122*0.07 59 90 0.000
Total preadult 820*0.09 7.60*012 3.82 90 0.000
duration
Adult longevity
Female 383027 471*x042 181 62 0076
Male 441 £064 509*129 052 26 0.606
Preoviposition period
APOP 089+0.09 029*0.10 429 54 0.000
TPOP 914*014 781*018 596 54 0.000
Lifetime fecundity 12.05 = 2.78 22.81 =331 234 62 0.023

3

E e m =1

x=0

with age indexed from 0 (Goodman 1982). The life
expectancy (e,;) was calculated according to Chi and
Su (2006). The mean generation time is defined as the
period of time needed by a population to increase to
R,-fold of its size (i.e.,e’™ = Ryor AT = R,) at the stable
age-stage distribution and is calculated as T = (In
R,) /r. The means and standard errors of the life table
parameters were estimated by using the Jackknife
method (Sokal and Rohlf 1995). The computer pro-
gram TWOSEX-MSChart (Chi 2005) was used for data
analysis and Jackknife estimation. The program is
available at http://140.120.197.173/Ecology and at
http:/ /nhsbig.inhs.uiuc.edu/wes/chi.html. The Stu-
dent’s t-test was used to determine differences in pop-
ulation parameters, developmental times, and fecun-
dities between the leaf disc and whole leaf methods.
To reveal the capability in describing the age-stage
structure and the growth potential, we projected the
population growth of T. urticae by using the computer
program TIMING-MSChart (Chi 2006) based on the
life table results. This program is also available at the
above mentioned websites.

Results

There were significant differences in developmen-
tal times of deutonymph stage, total preadult duration,
APOP and TPOP at the 95% confidence level (Table
1). The fecundity of mites reared on whole leaves was
significantly higher than those reared on leaf discs.
The relative number alive (s,;), i.e., age-stage survival
rate, gives the probability that a new born egg will
survive to age x and stage j. Overlapping occurs be-
tween stages (Fig. 1). Values for the age-specific sur-
vival rate of total cohort (l.), female age-specific fe-
cundity (f.5), age-specific fecundity of the total
population (m_) and age specific maternity ([ m_ ) are
presented in Fig. 2. The reproduction periods were
similar in both methods but occurred one day earlier
in the whole leaf method. Reproductive peaks, how-

0.2

Whole leaf

Relative number alive

—e— Egg

—e— Larva

—v— Protonymph
—s— Deutonymph
—=— Female
—e— Male

20 25

Age (days)

Fig. 1. Relative number alive in each age-stage group
(s) of T. urticae on leaf discs and whole leaves.

ever, occurred much earlier (day 9) on whole leaves
than that on leaf discs (day 14). The life expectancy
curve (e,;) shows the total time that an individual of
age x and stage j is expected to live (Fig. 3). The
reproductive value (v,;) gives the expectation of fu-
ture offspring of individuals of age x and stage j (Fig.
4). The major peak in reproductive values of females
occurred much earlier (day 8) in the whole leaf
method (vg 5 = 14.98) than that for females reared on
leaf discs (day 14, v,, 5 = 16.93).
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Fig. 2. Age-specific survival rate (l,), female age-specific
fecundity (f.5), age-specific fecundity of the total population
(m,), and age-specific maternity ([ym,) of T. urticae on leaf
discs and whole leaves.
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15 ] Table 2. Mean * SE of intrinsic rate of increase (r) (day™"),
Leaf disc Egg finite rate of increase (A) (day™'), net reproductive rate (R,) (off-
II;’?c:\tlsn moh spring/individual), and mean generation time (T) of T. urticae on
Deuton)g/mpph leaf discs and whole leaves
104 —=— Female
—o— Male Pop Leaf disc Whole leaf ‘ df P
parameter mean * SE mean *= SE
r 0.159 = 0.02 0.235 = 0.03 2.31 126 0.022
. A 1.17 = 0.02 1.26 £ 0.03 2.38 126 0.019
% R, 6.02 = 1.53 11.40 =242 1.95 126 0.054
o T 11.52 = 0.44 10.45 = 0.31 1.60 126 0.111
g 25
8
8 15+ E
8 —e— Egg . .
3 Whole leaf | e Discussion
QL —v— Protonymph
= —+— Deutonymph The results of this study demonstrate some of the
104 —=— Female . .
e Male advantages of using the age-stage, two-sex life table
theory in describing demography over the female-
5] based age-specific life table. For example, the over-
lapping in curves of s,; (Fig. 1) shows the potential of
the age-stage, two-sex life table in revealing the stage
o] . . : ‘ differentiation of T. urticae due to the variable devel-
0 5 10 15 20 25 opmental rates among individuals. However, the [,

Age (days)

Fig. 3. Age-stage life expectancies (e,;) of T. urticae on
leaf discs and whole leaves.

The intrinsic rate of increase, finite rate of increase,
and net reproductive rate were significantly higher
when using the whole leaf method (Table 2). There
were no significant differences in mean generation
time. The number of female adults obtained by using
population projection is plotted in Fig. 6. The popu-
lation projection based on the life table using whole
leaves results in a faster increase in the mite popula-
tion.
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Fig. 4. Age-stage specific reproductive values (v,;) of T.
urticae on leaf discs and whole leaves.

constructed based on a female age-specific life table
(e.g., Fig. 1 of Martinez-Villar et al. 2005) ignores the
differences among individuals and assumes all indi-
viduals have the same developmental period. This
ignorance will lead to miscalculations in the survival
and fecundity curves and some other problems (Chi
1988, Chi and Yang 2003, Yu et al. 2005). Similarly, the
stage differentiation can be observed in the e ; and v,
curves (Figs. 3and 4). Moreover, survival rates and life
expectancies of male adults would have not been in-
cluded if a female age-specific life table were used.
The earlier peak of v,; shows that T. urticae population
can increase faster on whole leaves than that on leaf
discs. The advantages of age-stage, two-sex life table
have been discussed in detail by Chi (1988), Yu et al.
(2005), and Chi and Su (2006). The two-sex life table
was applied to the aphid, Therioaphis maculate (Buck-
ton) (Homoptera: Aphididae) by Silva et al. (2006),
and to the midge, Feltiella acarisuga (Vallot) (Diptera:
Cecidomyiidae) by Mo and Liu (2006).

Our results demonstrated that there were signifi-
cant differences in both the developmental time and
reproductive potential between T. urticae reared on
leaf discs and those reared on whole leaves (Table 1).
These differences consequently result in significant
differences in population parameters (Table 2). Be-
cause most whole leaves lasted longer than 3 wk after
being cut from the bean plants, they were not replaced
during the life table study. In some test units, we
observed that new roots regenerated from the petioles
of the whole leaves inserted in the water tubes. It is
reasonable to hypothesize that whole leaves have bet-
ter nutritive value than leaf discs, resulting in the
higher intrinsic rate of increase. Few studies have
focused on the effects of nutritional quality of host
plants on development of T. urticae. For example,
Wermelinger et al. (1991) demonstrated the negative
effect of nitrogen and phosphorus deficiencies on pop-
ulation growth of T. urticae. Because leaf discs are
widely used in many studies, we suggest that addi-

The reproductive value v,; gives the contribution of an individual of age x and stage j to the future population. The value v is exactly the finite rate
and it is the contribution a newborn will make to the growth of population at SASD (stable age-stage distribution). At SASD, an egg will increase to
1.26 eggs after one day. The value of v75 gives the contribution of a female of age 7 to the future population is 14.2. It is much higher than vy,
because a female of age 7 will not suffer the mortality from egg to adult. It can immediately produce offspring and thus contribute to the population
growth at a higher rate.
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The reproductive value vxj gives the contribution of an individual of age x and stage j to the future population.  The value v01 is exactly the finite rate and it is the contribution a newborn will make to the growth of population at SASD (stable age-stage distribution).  At SASD, an egg will increase to 1.26 eggs after one day.  The value of v75 gives the contribution of a female of age 7 to the future population is 14.2.  It is much higher than v01, because a female of age 7 will not suffer the mortality from egg to adult.  It can immediately produce offspring and thus contribute to the population growth at a higher rate. 
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Fig. 5. Scanning electron microscope pictures showing a mite trapped in a jungle of hooks (left) and the posterior part

of a mite entrapped by a leaf trichome (right).

tional studies are urgently needed comparing the nu-
tritional contents of leaf discs and whole leaves.
The developmental times and intrinsic rates of T.
urticae found in our study are consistent with some
published studies using bean plants as host. Praslicka
and Husz4r (2004) reported a preadult duration of
8.20 d at 25°C. Fang and Chi (1989) reported the
developmental duration for each preadult stage as 3.8,
1.7, 1.5, and 1.7 d for egg, larva, protonymph, and
deutonymph, respectively. At 27°C and 90% RH, Shih
etal. (1976) observed shorter developmental times for
egg (2.3d), larva (0.6 d), and protonymph stages (0.4
d) but longer duration for deutonymph stage (1.9 d)
than our results. Conversely, Kasap (2002) reported
much longer total preadult durations of 10.9 d at 25°C
and 60% RH. Bounfour and Tanigoshi (2001) reported
a longer preadult development of 13.9 d on raspberry
at 25°C. Differences in published data may be due to
differences in host plants, temperature, and rearing
methods. The main differences between our results
and similar studies are seen in longevity of adults and
lifetime fecundity. The short longevity observed in
both males and females occurred because of special
characteristics found in the variety of bean plant used.
Based on our observations, the mites (mainly adults
and, rarely, deutonymphs) were often entrapped by
hooked trichomes found on the lower surface of the
leaf, leading to their death within 1-3 d (Fig. 5). This
was also the main cause of the low lifetime fecundity.
Similar observations have been reported by Fang and
Chi (1989). Leaf hairs (both glandular and nonglan-
dular) have been reported as a morphological defense
mechanism entrapping the mites by van den Boom et
al. (2003). Tobacco, strawberry and tomato are other
plants species that have previously been reported to
possess similar characteristics (van den Boom et al.
2003, Gassmann and Hare 2005). In spite of this, the

intrinsic rate of increase in our studies using whole

leaves (0.235) was in the range commonly reported
(0.219-0.336; Sabelis 1991). The intrinsic rate of in-
crease on leaf discs (0.159), however, was below this
range. The shortened total preadult developmental
time, so that the total preoviposition period (TPOP),
together with the higher fecundity occurring on
whole leaves compensate for the negative effects of
the trichomes. Despite the presence of the deleterious
trichomes, T. urticae readily survives on the plant un-
der cultivated conditions and remains a major pest of
bean with a high intrinsic rate of increase. The pop-
ulation projection based on the age-stage, two-sex life
table gives detailed stage structures of T. urticae (Fig.
6). If the female only life table was used, the stage
differentiation would not have been observed. Be-
cause the number of female adults is generally used in
economic threshold and injury level calculations, the
capability of revealing stage structure based on the
age-stage, two-sex life table can be useful in pest man-
agement strategies.

In conclusion, age-stage, two-sex life tables provide
a more comprehensive insight into the stage differ-
entiation of T. urticae than do the traditional female
age-specific life table. In addition, we conclude that
using whole leaves produces more realistic life table
data than using the traditional leaf discs because whole
leaves deteriorate much slower than do leaf discs, and,
therefore, maintain a higher nutritional quality. The
intrinsic rates of increase for T. urticae has been re-
ported by Sabelis (1991) to range from 0.219 to 0.336.
However, the development, fecundity and consequently
the population parameters depend on many factors, e.g,,
temperature (Wermelinger et al. 1990, Krips et al. 1998,
Bounfour and Tanigoshi 2001, Praslicka and Huszar
2004), humidity (Boudreaux 1958), and host plant
(Skirvin and Williams 1999, van den Boom et al. 2003,
Praslicka and Huszar 2004). In future studies, the demo-
graphic data for T. urticae reared on whole leaves of
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Chi, H. 1988. Life-table analysis incorporating both sexes
and variable development rates among individuals. En-
viron. Entomol. 17: 26-34.

Chi, H. 1990. Timing of control based on the stage structure
of pest populations: a simulation approach. J. Econ. En-
tomol. 83: 1143-1150.

Chi, H. 1994. Periodic mass rearing and harvesting based on
the theories of both age-specific life table and the age-
stage, two-sex life table. Environ. Entomol. 23: 535-542.

Chi, H. 2005. TWOSEX-MSChart: a computer program for
the age-stage, two-sex life table analysis. (http://140.120.
197.173/Ecology/ Download/ Twosex-MSChart.zip).

Chi, H. 2006. TIMING-MSChart: a computer program for
the population projection based on age-stage, two-sex life
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of insect population ecology. Bull. Inst. Zool. Acad. Sin.

600 JournAL oF EconoMIC ENTOMOLOGY
4
—— Egg Leaf disc
—e— Larva
3 Protonymph
—v— Deutonymph
—a— Female 404.
T
2
<)
k<]
]
N
w4
[
o) ’
po]
@ 3 4| —v— Protonymph
—v— Deutonymph
1
4
2 -
14 MSChart.zip).
SO Foyy - . : 24: 225-240.

0 5 10 15 20 25 30
Age (days)

Fig. 6. Population projection of T. urticae from an initial
population of 10 eggs.

different host plants should be collected for use in di-
verse pest management strategies.

Acknowledgments

We thank Jih-Zu Yu and Bing-Huei Chen for supplying
mites and bean plants. We also thank Cecil L. Smith for
generously helping with editing and extend thanks to all our
laboratory members for help in this study. We thank the
editor and two anonymous reviewers for valuable comments
that greatly improved the manuscript. We thank Jih-Zu Yu
for supplying bean plants and Hau-You Tzeng for help on the
scanning electron microscopy. We are grateful for the sup-
port of the Ministry of Science, Research and Technology of
Iran and the University of Tehran. This research was partially
supported by grants to Hsin Chi from the Bureau of Animal
and Plant Health Inspection and Quarantine, Taiwan (96AS-
14.2.1-BQ-B4(6), 97AS-14.2.1-BQ-B3) and the National Sci-
ence Council (NSC95-2621-B-005-009, NSC94 -2621-B-005-
003, NSC93-2621-B-005-008).

References Cited

Amir-Maafi, M., and H. Chi. 2006. Demography of Habro-
bracon hebetor (Hymenoptera: Braconidae) on two
pyralid hosts (Lepidoptera: Pyralidae). Ann. Entomol.
Soc. Am. 99: 84-90.

Auger, P., R. Bonafos, S. Guichou, and S. Kreiter. 2003. Re-
sistance to fenazaquin and tebufenpyrad in Panonychus
ulmi Koch (Acari: Tetranychidae) populations from
South of France apple orchards. Crop Prot. 22: 1039 -1044.

Bolland, H. R., J. Gutierrez, and C.H.W. Flechtmann. 1998.
World catalogue of the spider mite family (Acari: Tet-
ranychidae). Koninklijke Brill NV, Leiden, The Nether-
lands.

Boudreaux, H. B. 1958. The effect of relative humidity on
egg-laying, hatching, and survival in various spider mites.
J. Insect Physiol. 2: 65-72.

Chi, H., and T. C. Yang. 2003. Two-sex life table and pre-
dation rate of Propylaca japonica Thunberg (Coleoptera:
Coccinellidae) fed on Myzus persicae (Sulzer) (Ho-
moptera: Aphididae). Environ. Entomol. 32: 327-333.

Chi, H., and H. Y. Su. 2006. Age-stage, two-sex life tables
of Aphidius gifuensis (Ashmead) (Hymenoptera: Bra-
conidae) and its host Myzus persicae (Sulzer) (Ho-
moptera: Aphididae) with mathematical proof of the re-
lationship between female fecundity and the net
reproductive rate. Environ. Entomol. 35: 10-21.

Fang, S. J., and H. Chi. 1989. Intrinsic rate of increase of
twospotted spider mite (Acari: Tetranychidae). J. Ento-
mol. Soc. Natl. Chung Hsing Univ. 22: 1-7.

Gassmann, A. J., and J. D. Hare. 2005. Indirect cost of a
defensive trait: variation in trichome type affects the
natural enemies of herbivorous insects on Datura
wrightii. Oecologia (Berl.) 144: 62-71.

Goodman, D. 1982. Optimal life histories, optimal notation,
and the value of reproductive value. Am. Nat. 119: 803-
823.

Haque, M., A. Wahab, N. Nahre, and A. Bequm. 2007. De-
velopmental stages of the red spider mite, Oligonychus
coffeae Neitner (Acari: Tetranychidae) infesting rose.
Univ. J. Zool. Rajshahi Univ. 26: 71-72.

Ho, C. C. 2000. Spider-mite problems and control in Tai-
wan. Exp. Appl. Acarol. 24: 453-462.

Huang, J., G. S. Nuessly, H. J. McAuslane, and R. T. Nagata.
2003. Effect of screening methods on expression of ro-
maine lettuce resistance to adult banded cucumber bee-
tle, Diabrotica balteata (Coleoptera: Chrysomelidae).
Fla. Entomol. 86: 194-198.

Kabir, K. H., R. B. Chapman, and D. R. Penman. 1993.
Miticide bioassays with spider mites (Acari: Tetranychi-
dae): effect of test method, exposure period and mortality
criterion on the precision of response estimates. Exp.
Appl. Acarol. 17: 695-708.

Kasap, 1. 2002. Biology and life tables of the twospotted
spider mite, Tetranychus urticae Koch (Acarina: Tet-
ranychidae) on three different host plants in laboratory
conditions. Turk. J. Entomol. 26: 257-266.

Kasap, 1. 2004. Effect of apple cultivar and of temperature on
the biology and life table parameters of the twospotted
spider mite Tetranychus urticae. Phytoparasitica 32: 73-82.



April 2009

Kavousi, A., and K. Talebi. 2003. Side-effects of three pes-
ticides on the predatory mite, Phytoseiulus persimilis
(Acari: Phytoseiidae). Exp. Appl. Acarol. 31: 51-58.

Krips, O. E., A. Witul, P.E.L. Willems, and M. Dicke. 1998.
Intrinsic rate of population increase of the spider mite
Tetranychus urticae on the ornamental crop gerbera: in-
traspecific variation in host plant and herbivore. Entomol.
Exp. Appl. 89: 159-168.

Marcic, D. 2003. The effects of clofentezine on life-table
parameters in two-spotted spider mite Tetranychus urti-
cae. Exp. Appl. Acarol. 30: 249-263.

Martinez-Villar, E., F. J. Sdenz-de-Cabez6n, F. Moreno-Gri-
jalba, V. Marco, and 1. Pérez-Moreno. 2005. Effects of
azadirachtin on the two-spotted spider mite, Tetranychus
urticae (Acari: Tetranychidae). Exp. Appl. Acarol. 35:
215-222.

Mo, T. L., and T. X. Liu. 2006. Biology, life table and pre-
dation of Feltiella acarisuga (Diptera: Cecidomyiidae)
feeding on Tetranychus cinnabarinus eggs (Acari: Tet-
ranychidae). Biol. Control 39: 418-426.

Praslicka, J., and J. Huszar. 2004. Influence of temperature
and host plants on the development and fecundity of the
spider mite. Plant Prot. Sci. 40: 141-144.

Sabelis, M. W. 1991. Life-history evolution of spider mites,
pp. 23-49. In R. Schuster and P. W. Murphy |eds.|, The
Acari: reproduction, development and life-history strat-
egies. Chapman & Hall, London, United Kingdom.

Sakai, A. K., F. W. Allendorf, J. S. Holt, D. M. Lodge, J.
Molofsky, K. A. With, S. Baughman, R. J. Cabin, J. E.
Cohen, N. C. Ellstrand, et al. 2001. The population biology
of invasive species. Annu. Rev. Ecol. Syst. 32: 305-332.

Shih, C.L.T.,S. L. Poe,and H. L. Cromroy. 1976. Biology, life
table, and intrinsic rate of increase of Tetranychus urticae.
Ann. Entomol. Soc. Am. 69: 362-364.

Silva, A.A.E., E. M. Varanda, and J. R. Barosela. 2006. Re-
sistance and susceptibility of alfalfa (Medicago sativa L.)
cultivars to the aphid Therioaphis maculate (Homoptera:

Kavousi ET AL.: DEMOGRAPHIC TRAITS OF T. urticae

601

Aphididae): insect biology and cultivar evaluation. Insect
Sci. 13: 55-60.

Sim, C., E. Seo, and K. Cho. 2003. Life table and sensitivity
analysis as fitness evaluation method of fenpyroximate
and pyridaben resistant twospotted spider mite (Tetrany-
chus urticae Koch). J. Asia-Pac. Entomol. 6: 193-199.

Skirvin, D. J., and M.D.C. Williams. 1999. Differential ef-
fects of plant species on a mite pest (Tetranychus urticae)
and its predator (Phytoseiulus persimilis): implications for
biological control. Exp. Appl. Acarol. 23: 497-512.

Sokal, R. R., and F. J. Rohlf. 1995. Biometry, 3rd ed., W. H.
Freeman and Company, San Francisco, CA.

Stark,J. D.,and J. E. Banks. 2003. Population-level effects of
pesticides and other toxicants on arthropods. Annu. Rev.
Entomol. 48: 505-519.

van den Boom, C.E.M., T. A. van Beek, and M. Dicke. 2003.
Differences among plant species in acceptance by the
spider mite Tetranychus urticae Koch. J. Appl. Entomol.
127: 177-183.

Wermelinger, B., J. Baumgaertner, P. Zahner, and V. De-
lucchi. 1990. Environmental factors affecting the life ta-
bles of Tetranychus urticae Koch (Acarina). I. Tempera-
ture. Mitt. Schweiz. Entomol. Ges. 63: 55-62.

Wermelinger, B., ].]J. Oertli, and J. Baumgiirtner. 1991. En-
vironmental factors affecting the life-tables of Tetrany-
chus wurticae (Acari: Tetranychidae). III. Host-plant
nutrition. Exp. Appl. Acarol. 12: 259-274.

Wilcox, B. A., and D. D. Murphy. 1985. Conservation strat-
egy: the effects of fragmentation on extinction. Am. Nat.
125: 879-887.

Yu, J. Z., H. Chi, and B. H. Chen. 2005. Life table and
predation of Lemnia biplagiata (Coleoptera: Coccinelli-
dae) fed on Aphis gossypii (Homoptera: Aphididae) with
a proof on relationship among gross reproduction rate,
net reproduction rate, and preadult survivorship. Ann.
Entomol. Soc. Am. 98: 475-482.

Received 9 April 2008; accepted 15 December 2008.






