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Abstract: Scolothrips longicornis Priesner is a specialize predator of two-spotted spider mite. The development
rate of the predatory thrips, Scolothrips longicornis fed on Tetranychus urticae Koch was determined at 15,
20, 25, 30, 35 and 37°C. No development occurred at 40°C. The total development time from egg to adult
emergence for females was estimated to be 48.1, 22.8, 13.6, 10.6, 8.3 and 9.6 days, respectively. The development
time decreased with increasing temperature from 15 to 35°C. Male development was consistently found to be
shorter than that of female. Its development rate was studied with the Sharpe and DeMiele mathematical model,
using the SAS program elaborated. This program chose a four parameter poikilotherm model with high
temperatures inhibition. The lower temperature threshold for the entire development period and the thermal
constant for female S. longicornis using the common linear model were estimated to be 11.1°C and 200 degree-
days (DD) and 10.8°C and 204 DD using the Ikemoto and Takai model. The results showed that populations
of S. longicornis are able to develop at a broad range of temperatures and that this predator is well adapted to
the high temperatures that occur in the Mediterranean region.
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INTRODUCTION for the prediction of their population phenology and

Several species of predatory thrips of the genus knowledge will reduce the discrepancies between field
Scolothrips (Thysanoptera: Thripidae) have been and laboratory observations, permitting the formulation of
investigated for their potential to contribute to the control more reliable phenological models. Thus, the aim of this
of spider mites especially Scolothrips takahashii Priesner study was to develop knowledge of the temperature-
[1, 2] Scolothrips sexmaculatus [3, 4], Scolothrips indicus dependent development of all immature stages of S.
Priesner [5] and Scolothrips longicornis. The latter longicornis as a prerequisite to developing a prediction
species has been reported from several regions including strategy in natural conditions. Our research may provide
the Middle East, India and North America [4, 6, 7] and was required information for predicting population occurrence
reported for the first time from Iran in 1996 by Alavi and and growth.
Kamali [6]. S. longicornis is common in bean [8],
cucumber and eggplant fields [9] and has been MATERIALS AND METHODS
demonstrated to be an important predator of several
spider mite species [8, 10] with a seasonal abundance Mite and Thrips Colony: The colony of two spotted
correlated with that of the pest [11]. spider mite (T. urticae) was initiated using individuals

Temperature is an important abiotic factor that originally collected from cucumber fields in the Varamin
regulates physiological systems of  insects  and  mites Tehran province. The mites were maintained on detached
[12, 13]. In biological control, estimation of the cucumber leaves placed upside down on a layer of wet
developmental rates, longevity, survivorship, fecundity cotton inside Petri dishes (150 mm in diameter). The lids of
and temperatures of target pests and natural enemies is the Petri dishes had a 30 mm diameter hole covered with
important to understand their population dynamics and to fine nylon mesh to allow ventilation. The Petri dishes were
develop sound pest management plans [12, 13]. kept in a growth chamber (Binder KBWS 240, Germany) at

Studies on the development of predators are needed 25±1°C, 60±10% RH and a photoperiod of 16:8 (L:D) h. A

dynamics in field and greenhouse crops. In addition, this
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laboratory colony of S. longicornis was initiated with The development rate was studied with Sharp and
adults collected from the same cucumber fields. A single
cucumber leaf was placed in a Petri dish (180 mm in
diameter) as described above and maintained in another
growth chamber set at above-described conditions. Adult
thrips were transferred to a new mite-infested cucumber
leaf every 2 days. After a certain rearing period in the
laboratory (2 and 3 months for thrips and spider mites,
respectively), the colonies were used for the experiments.

Test Arena: Bean leaf discs (Phaseolous vulgaris L. cv.
Sunray, grown under lab conditions without pesticides)
without major veins (30 mm in diameter) were cut and
served as the test arena. Each disc was placed upside
down on a layer of wet cotton inside Petri dishes (60 mm
in diameter). The lids of the Petri dishes had a hole (15 mm
in diameter) covered with fine nylon mesh to allow
ventilation.

Experimental Design: The experiments were carried out in
the laboratory at six constant (±1°C) temperatures (15, 20,
25, 30, 35 and 37°C), 60±10% RH and a photoperiod of
16L: 8D h. To standardize the age of the eggs of S.
longicornis used in the experiments, twenty mated adult
females were placed at 25°C on bean leaf discs. The
females laid their eggs singly in an incision made in the
leaf disc with their ovipositor. The eggs were identified as
whitish ellipses floating on a greenish background when
viewed using transmitted light under a stereomicroscope.
Sixty one-day-old eggs of S. longicornis were kept in a
growth chamber at each temperature, so each treatment
had 60 replications. Newly hatched 1  instar larvae werest

transferred individually to fresh leaf discs. The larvae
were fed daily with a surplus of eggs of T. urticae (about
100 prey items offered daily for each larva; the number of
offered preys was higher than the consumption capacity
(Pakyari, unpubl. data)). Immature individuals were
transferred to fresh leaf discs every 2 or 3 days until
emergence of the last adult predatory thrips. The
development rate of immature individuals was determined
for each temperature by inspecting the Petri dishes once
daily and recording the development stage. The different
larval instars were determined based on larval size and on
the presences of larval exuviae.

TheRelationship Between Temperature and Development
Rate:    The   relationship    between    temperature    and
development rate was determined using the Sharp and
DeMichele mathematic model, common linear model and
the linear model of Ikemoto and Takai [14].

DeMichele  mathematical  model,  modified  by  School
field et al. [15], using equation:

(3)

Where r(T) is the developmental rate at temperature T(k),
R the universal gas constant (1.987cal degree  mol ),1 1

RHO25 the developmental rate at 25°C (298.15 K)
assuming no enzyme in activation and HA, TL, HL, TH
and HH represent the parameters of kinetics of the rate-
controlling enzymes. Parameters were estimated using the
SAS program of Wagner et al. [16].

Low temperature threshold and thermal constant (K)
needed to complete development from egg to adult were
calculated both with the common linear model and the
linear model of Ikemoto and Takai. The first equation is:

D  =a+ bT (1)r

Where T is the temperature (°C), D is the developmentr

rate (days ), a is the intercept and b is the slope. The1

lower temperature threshold (T ) and the thermal constant0

(K, degree-days) were estimated using the parameters: T0

= -a/b and K = 1/b [17].
Ikemoto and Takai [14] that proposed another linear

model based on development time formula as follows:

(DT) = K + tD (2)

Where D is developmental time (days), T is the
temperature (°C), t is the lower temperature threshold and
K is the thermal constant. This equation is derived from
the common linear model (1). The Ikemoto and Takai linear
model represents a straight line with X = T and Y = DT
[14].

Statistical Analysis: One-way analysis of variance
(ANOVA) was used to examine for significant difference
in developmental time of S. longicornis between the
different temperatures. If significant differences were
detected, multiple mean comparisons were made using the
LSD test (P < 0.05). The ANOVA was carried out using
MINITAB software [18]. The temperature-dependent
models were analyzed using the ProcNLIN in SAS [19].

RESULTS

Scolothrips longicornis development occurred in the
range  between  15  to  37°C.  No development occurred at
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Table 1: Average (± s.e.) development time in days and emergence percentage (%) of Scolothrips longicornis female and male reared on eggs of Tetranychus

urticae at six constant temperatures, 15 to 37°C; no development occurred at 40°C

Stage 15°C 20°C 25°C 30°C 35°C 37°C

Female

Mean total development time 48.09±0.32  (33) 22.8±0.23  (36) 13.55±0.22  (33) 10.60±0.23  (40) 8.28±0.14  (32) 9.56±0.24  (16)aA** bA cA dA eA fA

Emergence percentage (%) 0.55 0.60 0.55 0.67 0.53 0.27

Male

Mean total development time 45.85±0.72  (13) 20.27±0.27  (11) 13.13±0.09  (15) 9.82±0.40  (11) 8.75±0.37  (8) 8.58±0.38  (12)aB bB cA dA dA dB

Emergence percentage (%) 0.22 0.18 0.25 0.18 0.13 0.20

*Values followed by small different letters within the same row are significantly different (P<0.01, LSD).

**Values followed by capital different letters within the same column are comparison between total immature of male and female insects at each temperature

(P<0.01, LSD).

 *** Numbers in brackets are the initial number of replicates used in each case

Table 2: Estimated values of parameters for adult developmental rate curve (1/median longevity) of female and male S. longicornis

Parameters Estimated values S.E.M r2

Female

RHO25 0.0624 0.003 0.992

HA 15056.288 2165.026

TH 310.861 0.605

HH 93245.746 36022.444

TL 0 0

HL 0 0

Male

RHO25 0.0685 0.005 0.995

HA 25707.498 11088.347

TH 300.215 9.905

HH 30050.279 3386.449

TL 0 0

HL 0 0

Fig. 1: Scolothrips longicornis Sharp and DeMichele mathematical model graphic presentation for both sexes
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Table 3: The parameters estimated by the common linear model between development rate (D  ) and temperature (T) for female and male of Scolothripsr

longicornis reared on eggs of Tetranychus urticae

Stage Regression R R P Lower temperature threshold (°C) Thermal constant (K), degree-days2 2
adj

Female D =-0.0554+0.0050 T 0.999 0.998 0.000 11.08±0.00007 200±0.001r

Male D =-0.040+0.00442 T 0.978 0.973 0.000 9.50±0.0003 236.97±0.009r

Table 4: The parameters estimated by the Ikemoto and Takai linear model between development time* Temperature (Y) and Temperature (X) for female and

male of Scolothrips longicornis reared on eggs of Tetranychus urticae

Stage R R P Lower temperature thresholds (°C) Thermal constant (K), degree-days2 2
adj

Female 0.100 0.999 0.000 10.79±0.13 204.45±3.29

Male 0.992 0.990 0.000 10.34±0.46 208.85±10.26

40°C. The total immature development time of female S. days for male. The development time in both females and
longicornis decreased from more than 1½ month to about males of S. longicornis (13.55 and 13.13 days,
8 days when temperature increased from 15 to 35°C and respectively) was near to that reported by Gotoh et al. [1]
then increased slightly as the temperature increased from for S. takahashii at 25°C and under similar dietary
35 to 37°C (Table 1; P<0.01, LSD Test). Males developed conditions (13.3 and 13.1 days, respectively), but
slightly more quickly at 15 and 20°C compared to females development time of S. longicornis at 25°C was shorter
and did not exhibit a significant increase in development than that of S. sexmaculatus (16.1 days feeding on
time when temperature increased from 30 to 37°C as seen Tetranychus pacificus McGregor on strawberry [4]; 15.7
for females. The rate of development for both male and days feeding on T. urticae on strawberry [3]).
female S. longicornis decreased linearly with temperature The four parameter poikilotherm model with high
in the range of 15-35°C. One-way ANOVA showed a temperature inhibition adopted by the SAS program
significant effect of temperature on development time for shows a highly significant linear correlation between the
total immature stages of predatory thrips (P< 0.0001). experimental development rate and the Sharp and
Percentage of emergence is also listed in table 1. In the DeMichele mathematical model (r = 0.995 for males and
temperature range of 15-37°C, emergence percentage 0.992 for females) [15]. The TH parameter value was 300.2
varied between temperatures from 27 to 67% for female K for males and 310.9 K for females, suggestion that S.
and 13 to 25% for male. The SAS program adopted a four longicornis will experience thermal stress varied between
parameter poikilotherm model with high temperature 27-37°C with an average of 32°C. Similar consideration is
inhibition. Table 2 shows parameters of the Sharp and not available for this predator or other species of
DeMichele mathematical model elaborated with Wagner's Scolothrips.
SAS program. Graphical representation for both sexes is The common linear model [17] is widely used for
shown in Fig. 1. calculating the lower temperature thresholds and thermal

Table 3 and 4 lists data on S. longicornis low constants [13]. Moreover, it is the simplest method for
temperature threshold and thermal constant, calculated estimation of the thermal constant [20]. The estimation of
with the common linear model and Ikemoto and Takai temperature thresholds and thermal constant for
linear model for male and female. The S. longicornis low development of natural enemies can substantially
temperature threshold was 11.08 and 9.50°C if calculated contribute to the selection of the most suitable natural
with the common linear model and 10.79 and 10.34°C by enemy to be used at different environmental conditions
the Ikemoto and Takai linear model, whereas the thermal [21].
constant was 200 and 236.97 DD with common linear The average value of the lower temperature threshold
model and 204.45 and 208.85 DD with Ikemoto and Takai for the entire development time of S. longicornis female
linear model for female and male respectively. was found to be around 10°C using the common linear

DISCUSSION from both models for the entire development time of

The S. longicornis developmental temperature range values of lower temperature thresholds estimated through
lies between 15 and 37°C, with a mean development time linear models for S. takahashii (around 13.3°C [1, 2] and
lasting from 8.28 to 48.09 days for female and 8.58 to 45.85 for S. sexmaculatus (around 13.5°C [3, 4]).

2

and Ikemoto and Takai model. The overall average value

10.4°C is slightly lower than the previously reported
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Therefore, the development rate of S. longicornis 6. Alavi, J. and K. Kamali, 1995. A survey of
may be influenced by factors other than temperature, such phytophagous and predaceous Thysanoptera of
as nutrition, humidity, photoperiod and insecticide which Bojnourd, pp 340. In Proceeding, 12  Iranian
were not included in the models presented here. Protection Congress, September 1995, Junior Collage
Additionally, varying temperatures may exert different of Agriculture, Karaj, Iran.
effects than do constant temperatures [22] on the 7. Priesner, H., 1950. Studies on the genus Scolothrips.
development of S. longicornis. Bulletin  of   the  Entomological  Society  of  Egypt,

The results have demonstrated that S. longicornis 34: 39-68.
populations are able to develop at a broad range of 8. Aydemir, M. and S. Toros, 1990. Natural enemies of
temperatures and are well adapted to the high Tetranychus urticae on bean plant in Erzinca.
temperatures that occur in the Mediterranean region. Proceedings of the Second Turkish National
Additional studies should be conducted in a more natural Congress of Biological control, 261-271.
environment to determine for example the effect of crop 9. Pakyari, H. and Y. Fathipour, 2009. Mutual
varieties, prey stage and other environmental factors on interference of Scolothrips longicornis Priesner
the development rate of S. longicornis. (Thysanoptera: Thripidae) on Tetranychus urticae

ACKNOWLEDGMENT 50: 65-68.

This  work  was  financially  supported   by  the Sabelis MW (eds.). World crop pest, Spider mites:
Young Research Club of Takestan Branch, Qazvin-Iran. Their biology, natural enemies and control. Elsevier
The   authors   are   grateful  to   Prof.   Dong-Soon  Kim Pub Amsterdam, IB, 211-246.
of Horticultural Environment Division, National 11. Pakyari, H., 2011. Spatial distribution pattern of
Horticultural Research Institute, Rural Development Tetranychus urticae and its egg predator Scolothrips
Administration, South Korea for their assistance in longicornis on different bean cultivars. Munis
statistical analysis. Entomology and Zoology, In print.

REFERENCE 1999.  Dynamics  and  regulation  of  insect

1. Gotoh, T., K. Yamaguchi, F. Makiko and K. Mori, A.P.   Gutierrez,    (ads.),    Ecological    Entomology,
2004. Effect of temperature on life history traits of the 2  ed. Wiley, New York, 269-305.
predatory thrips, Scolothrips takahashii Priesner 13. Roy, M., J. Brodeur and C. Cloutier, 2002.
(Thysanoptera: Thripidae). Applied Entomology and Relationship between temperature and development
Zool., 39(3): 511-519. rate of Stethorus punctillum (coleopteran:

2. Yamasaki, Y., K. Yoshioka and F. Takeuchi, 1983. Coccinellidae) and its prey Tetranichus mcdanieli
Bionomics and predation of Scolothrips sp. (Acari:    Tetranychidae).      Environ.    Entomol.,
Proceedings in Association of Plant Protection 31(1): 177-187.
Shikoku, 18: 83-86. (in Japanese). 14. Ikemoto, T. and K. Takai, 2000. A new linearized

3. Coville, P.L. and W.W. Allen, 1977. Life table and formula for the low of  total  effective  temperature
feeding habits of Scolothrips sexmaculatus and  the  evaluation  of  line-fitting methods with
(Thysanoptera: Thripidae). Annals of the both variables subject to  error.  Environ.  Entomol.,
Entomological Society of America, 70: 11-16. 29: 671-682.

4. Gilstrap, F.E. and E.R. Oatman, 1976. The bionomics 15. Schoolfield, R.M., P.J.H. Sharpe and C.E. Mugnuson,
of Scolothrips sexmaculatus (Pergande) 1981. Nonlinear regression of biological temperature-
(Thysanoptera: Thripidae), an insect predator of dependent rate models based on absolute reaction-
spider mites. Hilgardia, 44: 27-59. rate theory. J. Theorical Biol., 88: 715-731.

5. Ho, C.C. and W.H. Chen, 2001. Evaluation of feeding 16. Wagner, T.L., H. Wu, P.J.H. Sharpe, R.M. Schoolfield
and oviposition of Scolothrips indicus and R.N. Coulson, 1984. Modeling insect
(Thysanoptera: Aeolothripidae) to amounts of development rates: a literature review and application
Kanzawa spider mite eggs (Acari: Tetranychidae). of a biophysical model. Annals of the Entomological
Plant Protection Bulletin (Taichung), 43: 165-172. Society of America, 77: 208-225.

th

Koch (Acari: Tetranychidae).  IOBC/wprs  Bulletin,

10. Chazeau, J., 1985. predacious insects. In: Helle W,

12. Huffaker,   C.B.,   A.   Berryman   and   P.  Turchin,

populations,    In   C.B.      Huffaker,      C.B.    and

nd



Acad. J. Entomol., 4 (1): 01-06, 2011

6

17. Campbell, A., B.D. Frazer, N. Gilbert, A.P. Gutierrez 21. Perdikis, D.C. and D.P. Lykouressis, 2002. Thermal
and M. Mackauer, 1974. Temperature requirements of requirements for development of the polyphagous
some  aphids  and  their  parasites.  J.  Appl.  Ecol., predator Macrolophus pygmaeus (Hemiptera:
11: 431-438. Miridae). Environmental Entomol., 31: 661-667.

18. MINITAB, INC., 2000. MINITAB user s guide, 22. Zamani, A.A.,   A.A.   Talebi,    Y.    Fathipour   and,

version 13.20. Minitab Ltd., Coventry, United V. Baniameri, 2007. Effect of temperature on life
Kingdom. history of Aphidius colemani and Aphidius

19. SAS Institute, 2003. JMP: A Guide to Statistical and matricariae (Hymenoptera: Braconidae) parasitoids
Data Analysis, Version 5.0.1. SAS Institute, Cary, NC. of Aphis gossypii and Myzus persicae  (Homoptera:

20. Walgama, R.S. and M.P. Zalucki, 2006. Evalution of Aphididae).  Environ. Entomol., 36: 263–271.
different models to describe egg and pupal
development of Xyleborus fornicatus Eichh.
(Coleoptera: Scolytidae), the shot-hole borer of tea in
Sri Lanka. Insect Sci., 13: 109-118.


