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Abstract: Thrips palmi Karny has become a serious pest problem in the cultivation and production of eggplant
in Taiwan. The aim of the study was to obtain the data needed to construct a life table for T. palmi in order to
predict population growth under laboratory conditions while reared at 28 °C. Because of variable development
rate among sexes and individuals, the life history data of T. palmi was analyzed based on age-stage, two sex-life
tables. The developments of pre-adult and adult developmental times were significantly (p = 0.001) faster in
males than females. The life span of female (27.23 d) was significantly (p<0.001) longer than that of male (22 d).
The adult pre-oviposition period (APOP), total pre-oviposition period (TPOP), mean fecundity and total ovi-
position days of female were 1.97 d, 14.43 d, 59.7 eggs/female and 5.92 d, respectively. The intrinsic rate of
increase (r), the finite rate of increase ( ), the net reproduction rate (R ) and the mean generation time (T) of T.0

palmi were 0.1797 d , 1.1968 d , 22.39 offspring/individual and 17.3 d, respectively. The life expectancy of new1 1

born egg was 19.77 d. The relationship among the gross reproductive rate (GRR), the net reproductive rate (R )0

and the pre-adult survivorship (l ) is consistent with R  < l  × GRR < GRR. The life table data are useful fora 0 a

designing an effective pest management program, mass rearing and forecasting population growth of pest and
natural enemies in field condition.
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INTRODUCTION can complete its life history in several weed species [4].

Thrips palmi Karny, commonly known as melon two pupal instars and the adult. Life cycle may be
thrips, is one of the serious pests of vegetables, flowers completed in 14 to 16 d at 25°C [5].
and agronomic crops throughout Asia, Africa and Central A life table study explains the development, survival
and South America [1]. Melon thrips quickly build up and fecundity of a cohort and provides basic data on
heavy infestations causing severe injury. Both larvae and population growth parameters. Most traditional female-
adults feed gregariously on leaves, flowers, stems and based, age specific life Table [6-9, 4], however deal only
fruits. In Taiwan, the pest was first identified in 1979 with female population; ignore the stage differentiation
infesting cucurbits [2]. Eggplants are often attacked and variable development rate among individuals. Many
during early growth, just after transplantation. Due to published reports on T. palmi are mainly focused on
their feeding, ovi-position and virus transmission to temperature and development rate [10, 11] and the reports
eggplant, fruits become scarred, deformed and aborted [3]. are lack in survival rate, population growth based on two-
These results in damaged fruits and severe economic sex life table in specific crop. In addition, there are
losses up to 75 % compared to undamaged fruits. In differences on the development rate of male and female
addition to feeding on various economic crops, T. palmi populations of T. palmi. Furthermore, the effectiveness

Life stages of the melon thrips are egg, two larval instars,
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of various chemical or biological control agents to control instars were studied in petri dishes and placed in growth
melon thrips might differ depending on their growth chamber at 28 °C, 70-80% RH and a photoperiod of 12:12
stages and sexes. Chi and Liu [12] developed an age- (L: D) h. Moist cotton was placed in each petri dish for
stage, two-sex life table to take into account the male maintaining sufficient moisture. Leaves were transferred
population and the variable development rate occurring every alternate day. Observations were taken every 24
among individuals. For a comprehensive understanding hours. During the observation the larvae which have
of development and reproduction of T. palmi on eggplant, developed minute wing pad were transferred for pre-
we collected and analyzed life history data based on two- pupae and pupae rearing at the same conditions.
sex life tables theory. Development duration and survival of first and second

MATERIALS AND METHODS

The experiment was conducted from December 2011 to petri dish containing fresh leaves (2 × 2 cm) and were
to February 2012 at the Department of Plant Medicine monitored for development. Pupal stages were observed
laboratory, National Pingtung University of Science and as pre-pupae and pupae. When new born adults were
Technology (NPUST), Taiwan. observed during observation, their sexes were identified

Eggplant Transplantation: Eggplant seedlings were
transplanted on plastic pots (12 cm diameter) containing Adults Rearing: After emergence of new born adults,
soil and substrate. The seedlings were grown in green pairs of T. palmi male and female were placed on eggplant
house conditions under fine net cages (90 × 90 × 100 cm) leaves (2 × 2 cm) in petri dish (9 cm diameter) containing
to prevent infestation from other insects. moist filter paper. The Petri dishes were placed in growth

Insect Collection: Leaves containing T. palmi males and laid eggs were replaced daily with a new leaf section until
females were collected from farmer’s field in Pingtung, the female adult died. Fecundity and survival were
Taiwan. By using a dissecting microscope (20×), pairs of recorded daily until the death of each female. Longevity
males and females were identified from infested leaves. of male and female adults was measured. Leaves with
With the help of fine camel’s hair brush, a pair of male and eggs were placed in growth chamber for emergence of first
female was transferred to one month old eggplant instars larvae. First instars larvae were again reared in
seedlings. A total of ten pairs of T. palmi were transferred same temperature conditions.
to ten seedlings which were then placed in glass cages
(36 × 20 × 20 cm). The cages were kept in incubator at Identification of Stages and Sexes: Identification of
28°C and 70-80% RH for 6 hours. T. palmi, their stages and sex’s differentiation was done

Rearing different authors [13,9,14] in the Department of Plant
Egg Rearing: All the egg bearing leaves were removed Medicine, NPUST, Taiwan.
from the plants, cut into pieces (2 × 2 cm) and placed in
petri dishes (9 cm diameter) with the bottom covered by Life Table Parameters: The life history data of all
water soaked filter paper to prevent desiccation of eggs individuals were analyzed using the age stage, two-sex life
and leaflets [10]. The petri dishes were placed in a growth table approaches [12]. The developmental times of stages
chamber at 28°C, 70-80% RH and a photoperiod of 12:12 and mean longevity were tested by student’s t-test.
(L: D) h. The egg development period was determined The age-stage specific survival rate (S ), the age-stage
by appearance of larva; however, egg mortality could not specific fecundity (f ), the age-specific survival rate (l )
be determined. and age specific fecundity (m ) were measured. The

Larvae Rearing: By using a fine camel’s hair brush and reproduction rate (R ) and mean generation time (T)
with the help of high power electronic microscope a single were calculated. The intrinsic rate of increase was
larva was placed in each petri dish (9 cm diameter) estimated by using the iterative bisection method from
containing eggplant leaf (2 × 2 cm). The petri dish was
sealed with parafilm [10]. A total of 160 larvae of first

instars larvae were recorded daily.

Pupae Rearing: Pre-pupae were transferred individually

and were used for adults rearing.

chamber for egg laying at same condition. The leaves with

on the basis of morphological characters reported by
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intrinsic rate of increase (r), finite rate of increase ( ), net
0

l .m = 1 with age indexed from 0.x x
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The mean generation time is defined as the length of time Moreover, the adult longevity of the female (14.77d) is
that a population needs to increase R fold of its size (i.e.0

e = R or =R ) at stable age distribution. The meanrt T
0 0

generation time was calculated as T=lnR /r. The0

cumulative reproductive rate to age x was calculated as
R = . The gross reproductive rate (GRR) wasx

calculated as m . The age-stage life expectancy is thex

time that an individual of age x and stage j is expected to
live. The life expectancy for an individual of age x and
stage y was calculated as e = wherexy

n is the number of age groups and m is the number of
stages. S is the probability that an individual of age x andij

stage y will survive to age i and stage j and is calculated
by assuming S =1 [12].xy

The curtailed intrinsic rate of increase is the effect of
longevity and fecundity on the intrinsic rates of T. palmi.
The curtailed intrinsic rate [r( )] is defined as the solution
of l .m = 1, where r( ) is the intrinsic ratex x

of the population by assuming that it survives only to age
and discarding all l and m beyond age . The curtailedx x

intrinsic rate of increase [r( )] gives the actual intrinsic
rate of a population surviving only to age . The
cumulative contribution (r ) of age y was calculated asy

r = r . The cumulative contribution of r isy y

not an intrinsic rate; however it describes the cumulative
input of individuals surviving to age y to the intrinsic rate
r. The relationship between the net reproductive rates (R )0

and the mean female fecundity (F) was determined by

using formula as R =F × ( ), where N is the total0

number of eggs used for life table study at the beginning
and N is the number of female adults emerged [15]. Thef

TPOP (total oviposition period) is the time interval from
the emergence of a female individual (from the egg stage)
to first ovi-position. The APOP (adult pre-oviposition
period) is the period of time between the emergence of an
adult female insect and the start of its egg laying [15].

RESULTS AND DISCUSSION

The mean and standard errors of the developmental
time of each life stages is given in Table 1. The
developments of pre-adult and adult developmental times
were significantly (p = 0.001) faster in males than females.
However, there are no significant differences in the
developmental times of the egg, first instar larva, second
instar larva, pre-pupa and pupa between both sexes.

significantly (P<0.001) longer than that of the male (10.12
d) by using student’s t-test. This also results in a
significant difference in the total longevity between
female (27.23 d) and male (22 d). These results are
dissimilar to those reported to T. palmi. Tsai et al. [4]
found 7.6, 5.3 and 3.5 d duration for egg, larval and pupal
stage of T. palmi at 26°C on eggplant leaf. According to
McDonald et al. [11], the time taken for development of
egg, larva, pre-pupa and pupa were 4.11, 2.9, 1.06 and 2.18
d, respectively at 30 °C on germinated bean seeds. The
difference in stage development with previous finding
suggests that development duration of T. palmi is
differing in host plant, temperature and sex. Therefore,
effective management of pest requires their basic
demographic study of two-sex life table in specific crop.

The APOP, TPOP, fecundity, female longevity and
total ovi-position day of female are listed in Table 2.
The APOP ranged from 1 to 3 d with mean of 1.97 d.
The TPOP ranged from 12 to 18 d with mean of 14.43 d.
The maximum total female fecundity was found to be 68
eggs per female and the maximum daily fecundity was 24
eggs per female. The percentage of ovi-position day was
40.07%. Capinera [13] reported that female T. palmi can
produce up to 200 eggs. However, Tsai et al. [4]
reported that 29.0 eggs per female of T. palmi in eggplant.
Zhang and Brown [5] documented T. palmi can lay up to
100 eggs.

The age-stage specific survival rate (s ) of T. palmixj

is reported in Fig 1. The survival rate of egg was
considered as 100% because it was difficult to see
mortality of egg inside leaves tissue. The survival rate of
first instar larvae were 94% and that of second instar
larvae were 88%. The survival rate of pre-pupae and
pupae were 92%. Out of the 160 eggs 60 females and 52
males were obtained. The stage specific mortality rates
were 0.06, 0.12, 0.08 and 0.08 for first instar larva, second
instar larva, pre-pupa and pupa respectively. Age specific
survival rate (l ) gives the probability that a new born willx

survive to age x. Due to variable development rate among
individual of T. palmi stages (e.g. egg, first instar,
second instar, pre-pupal and pupal), we observed
significant overleaping curves between stages (Fig. 1).
The overlapping of different stages suggest that all insect
incomplete their development in the same day. Chi [15]
explained that if survival curves are constructed based
on the means of each stage, the stage overlap would
not be observed and it would result in errors in the
survival curves. This error is due to differences in the
sum of the means of the pre-adult stage and the means
of the total pre-adult development period for all
individuals.
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Table 1: Basic statistics of Thrips palmi Karny reared on eggplant leaf at laboratory conditions of 28 ± 1°C, 70±10% RH and 12:12 (L: D) h
Development duration (d) of females Development duration (d) of males All
-------------------------------------------- -------------------------------------------- ------------------------------------------

Stages N Mean SEM N Mean SEM N Mean SEMa a a

Egg incubation time 60 3.9 0.08 52 3.85 0.07 160 3.89 0.05
First instar larva 60 1.4 0.06 52 1.19 0.08 150 1.23 0.06
Second instar larva 60 3.2 0.08 52 3.12 0.06 132 3.12 0.04
Pre-pupa 60 1.27 0.06 52 1.15 0.07 122 1.21 0.05
Pupa 60 2.7 0.11 52 2.58 0.1 112 2.64 0.07
Pre- adult duration 60 12.47 0.12 52 11.88 0.17 112 12.2 0.12
Adult duration 60 14.77 0.24 52 10.12 0.27 112 12.61 0.19
N = Number of insectsa

Table 2: Female reproduction parameters of T. palmi Karny reared on eggplant leaf at laboratory conditions of 28 ± 1 °C, 70 ± 10% RH and 12:12 (L: D) h .1

Parameters n Mean SEM
APOP (d) 60 1.97 0.07
TPOP(d) 60 14.43 0.16
Female longevity (d) 60 27.23 0.25
Fecundity(F) (Eggs/female) 60 59.7 0.48
Ovi-position (d) 60 5.92 0.02
APOP-Adult pre-oviposition period; TPOP- Total pre-oviposition period1

Table 3: Means and standard errors of mean generation time (T), Net reproduction rate (Ro), intrinsic rate of natural increase (r), finite rate of increase ( ) and
gross reproductive rate (GRR) of T. palmi Karny at 28 ± 1°C, 70±10% RH and 12:12 (L: D) h condition.

Temperature (°C) T (d) R (offspring/ individual) r ( d ) (d ) GRR0
1 1

28 17.3 ± 0.15 22.39 ± 2.3 0.1797 ± 0.006 1.1968 ± 0.01 33.03 ± 2.81

Fig. 1: Age-stage specific survival rate (s ) of T. palmi on Fig. 2: Age-specific fecundity (m ), age-specific maternityxj

eggplant (l × m ) age-stage specific fecundity (f ) and

The mean number of offspring produced by T. palmi on eggplant
individuals of age i and stage j per day is shown with the
age-stage specific fecundity (f [i, female]) in Fig. 2. Since R i.e. 22.39 offspring can also be observed in Fig. 2. Chi
only females produce offspring, there is only a single [15] discussed the problems of fecundity curves based on
curve f (i, female). The age-stage specific fecundity adult age. The age-specific survival rate (l ), age-specific
(i, female) observed from day 12 to 25, with a maximum fecundity (m ) and age specific maternity (l ×m ) indicate
daily fecundity of 12.13 eggs per female in the cohort. that T. palmi population would multiply faster in summer
The age-specific fecundity (m ) and age specific maternity eggplant cultivation in Taiwan.x

(l ×m ) are also shown in Fig. 2. The age-specific The population parameters calculated by using thex x

fecundity and age specific maternity were calculated by age-stage, two-sex life table for T. palmi are listed in
including all individual of both sexes. The maximum Table 3. The small intrinsic rate of increase (r = 0.1797)
cumulative reproductive rate is the net reproductive rate and the finite rate of increase ( = 1.1968 d ) are

x

x x xj

Cumulative net reproduction rate (R ) of T. palmix

0

x

x x x

1
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accompanied by a short mean generation time (T= 17.3 d)
and low net reproductive rate (R = 22.39). These results0

showed that if the population reaches the stable age-
stage distribution and if there are no mortality factors
other than physiological ones, T. palmi population can
multiply 1.1968 times d with an average of 17.3 d with an1

exponential rate of 0.1797 d . Tsai et al. [4] reported1

intrinsic rate (r = 0.094 d ), long mean generation time1

(T = 29.09 d) and low net reproductive rate (R = 15.5) of0

T. palmi at 26°C. Kawai [9] documented mean generation
of 25.4 d, net reproductive rate of 13.3 offspring/
individual and the intrinsic rate of 0.102 d in eggplant. Fig. 3: Age-stage specific life expectancy (e ) of T. palmi1

This study is first age-stage, two-sex life table of T. palmi. on eggplant
The previous studies of Tsai et al. 1995 is age-specific life
table where as previous studies of Kawai [9] and Kawai
and Kitamura [8] are female age specific life table.
The previous authors have constructed survival rates and
fecundity curves based on “adult age”. As Chi [15] and
Yu et al. [16] pointed out, when survival rate and
fecundity curves are constructed solely on the adult age,
the differences in pre-adult development are ignored and
it is assumed that all adults emerged on the same day.
These differences in calculation cause difference in
calculation of intrinsic rate, mean generation time and net
reproductive rate in our study. In our study, age-specific
survival rate is calculated from male and female Fig. 4: Age-stage specific reproductive value (V ) of T.
survivorship from egg to last mortality of individual; palmi on eggplant
however female age specific life table and age specific life
table ignore the male population. The intrinsic rate, net
reproductive rate and mean generation time value
depends on survival rate, fecundity and longevity. The
lower intrinsic rate and net reproductive rate reported by
Tsai et al. [4] was due to shorter longevity of adult female,
higher immature mortality and lower reproduction in their
study.

Chi [15] explained relationship between the net
reproductive rates and the mean female fecundity by

using R =F× . In our study, N is 160 and N is 60.0 f

Our finding of R and F are consistent. Yu et al. [16]0

explained relationship between GRR, pre-adult
survivorship and net reproductive rate R as GRR> pre-0

adult survivorship, GRR> R . Our result is consistent with0

this relationship.
The age-stage specific life expectancy (e ) of T. palmixj

is reported in Fig. 3. The life expectancy gives the life
span that an individual of age x and stage j is expected to
live. The maximum life expectancy of T. palmi was 19.77
d (Fig. 3). Because our study was conducted in laboratory
and without the adverse effects of field conditions and
exposure to natural enemies, life expectancy decreased
gradually with aging.

xj

xj

Fig. 5: Cumulative contribution to intrinsic rate of
increase (Cumul[E(-rx)*l *m ]*r) and curtailedx x

intrinsic rate of increase [(r( )] and of T. palmi

Fisher [17] defined the reproductive value is the
contribution of an individual to the future population.
The age-stage reproductive value (v ) of T. palmixj

delineates the contribution of an individual to age x and
stage j to the future population. The reproductive value
significantly increases when female adults emerge.
In our study, females started to emerge at day 11 (Fig. 4).
The corresponding reproductive values increased sharply
to 36.2 in day 14 (Fig. 4). The reproductive value of a
newborn ( ) is exactly the finite rate of increase.01
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However, if older adults no longer produce offspring, the ACKNOWLEDGEMENTS
reproductive value becomes zero. In our study, it occurred
at day 26 at 28°C (Fig. 4).

The curtailed intrinsic rate of increase is shown in
Fig. 5. The curtailed intrinsic rate of increase [r( )] gives
the actual intrinsic rate of a population surviving
only to age . The curve of the cumulative contribution of
r in Fig. 5 is not an intrinsic rate but a descriptive value ofy

the cumulative input of individuals surviving to age y to
the intrinsic rate r. Because all m are zeros before age 12x

d, the curves of r and r start at age 12 d at 28 °C. In Fig.y

5, the r of T. palmi of age 12 d and age 13 d doesy

contribute to the intrinsic rate of increase positively.
However, the curve r shows that, if the population
survives only to age 12 d, the intrinsic rate will be
negative and the population will decrease. Therefore,
the curtailed intrinsic rate is useful for describing the
effect of reduction of survivorship on the intrinsic rate of
increase. In this study, 44.1% of the contribution to r was
attained in the 4 d of female life, 89.1 % to value of r wasth

obtained in first week and 100 % contribution to r was
obtained in second week of adult life. We conclude that
different age groups of T. palmi female contribute
different weights to the value of r. Females in older age
classes contributed very little to cohort’s growth rate.
Cohen and Mackauer [18] plotted the curve of the
cumulative contribution to the intrinsic rate of increase for
Ephedrus californicus Baker and concluded that females
in older age classes contributed very little to the cohort’s
growth rate.

The age-stage, two-sex life tables of T. palmi is
useful information to the farmers and researchers for pest
management. Seal [19] found that larval for consistency
stages of T. palmi are more susceptible to insecticide
imidacloprid than egg, pupa and adult stage. Nagai and
Yano [20] studied the functional responses of different
stages of Orius sauteri (Poppius) to densities of T. palmi
and found that O. sauteri nymphs killed more larvae than
adults. The deterministic economic threshold relies on
knowledge of age-specific parameters, pest density and
life process of the pest population.

From the life table of T. palmi, it could be concluded
that T. palmi has very short life cycle with high capacity
of fecundity and very high survival rate at 28°C. In
Taiwan, eggplant is cultivated mostly during summer
when the temperature is nearly to 28°C. This is one of the
reasons for severity of T. palmi damage in eggplant
during summer. Therefore, life table study of T. palmi is
very useful information for timely pest management
decision.
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data using “Age-stage, two-sex life table program”
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