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ABSTRACT: Experiments were conducted to investigate the effect of different temperature regimes (16, 20, 24, 28, 32 and 

36±1°C) on the biological and fertility table parameters of Orius tantillus (Motsch.), an efficient indigenous predator of vari-

ous thrips species in India Temperature influenced the development and reproduction of O. tantillus. Based on the biological 

parameters, viz. longevity, fecundity and fertility parameters, 24°C was recorded to be the optimum temperature for rearing 

O. tantillus. The temperature of 16°C had a detrimental effect on nymphal survival, while 36°C on fecundity. Thus, 16 and 

36°C were recorded as unsuitable for rearing O. tantillus. The lower threshold temperatures for development of eggs and 

nymphs of O. tantillus were 8.66 and 6.92°C, respectively, indicating that the eggs are more heat-sensitive than the nymphs. 

Based on the T
0 
values, O. tantillus appears to be less heat sensitive in comparison to other Orius spp. The information gen-

erated through this study could be used for further improving the standardized production protocol for O. tantillus and also 

for planning and timing field releases to target thrips species.

KEY WORDS:  Biological parameters, effect of temperature, fertility parameters, Orius tantillus, rearing, Sitotroga 

cerealella, thermal requirement

INTRODUCTION 

Vegetables, grains, fruits and ornamental crops 

are often attacked by various species of thrips causing 

serious crop loss. attack Thrips tabaci Lindeman 

is a serious problem on onion, garlic, cotton, etc., 

Scirtothrips dorsalis Hood on rose, chilli, grapes, etc., 

Rhipiphorothrips cruentatus Hood on rose, mango, 

guava and Caliothrips indicus (Bagnall) on sorghum, 

paddy, groundnut etc. Thrips also act as vectors 

of microbial pathogens. Their short life cycle and 

their cryptic life style, have enabled them to become 

resistant to insecticides. Anthocorid predators have 

been recorded as potential predators of thrips species 

and Orius spp. are most commonly recorded. The 

commonly recorded predators occurring on different 

thrips species in India are Orius tantillus (Motsch.) and 

Orius maxidentex Ghauri. These predators are found 

attacking thrips species like Haplothrips ganglbaueri 

Schmutz, Thrips palmi Karny, Anaphothrips sudanensis 

Tryb., Caliothrips graminicola (Bagn. & Cam.), 
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Scirtothrips dorsalis Hood, T. tabaci, Baliothrips 

biformis (Bagn.), Caliothrips indicus (Bagn.), 

Microcephalothrips abdominalis (D. L. Crawford), 

Megalurothrips usitatus Bagnall and Thrips hawaiiensis 

(Morgan) (Ananthakrishnan and Thangavelu, 1976; 

Kumar and Ananthakrishnan, 1984; Muraleedharan 

and Ananthakrishnan, 1978; Thontadarya and Rao, 

1987; Men, 1999). O. tantillus has a wide distribution in 

India, Sri Lanka, Thailand, Malaysia, China, Australia, 

Micronesia, Solomon Islands, Kenya, Nigeria, and 

Tanzania (Hernandez, 1999). Ballal and Gupta (2011) 

have provided elaborate information on the research 

work carried out in India on the identification, 

production and evaluation of anthocorid predators. 

A protocol has been developed at the ICAR-National 

Bureau of Agricultural Insect Resources, Bangalore, 

India, for rearing O. tantillus on eggs of the Angoumois 

grain moth Sitotroga cerealella (Olivier) (Gupta and 

Ballal, 2006; 2009). 

Temperature is one of the main elements which 

influence insect development. Temperature has a 

profound influence on the biological parameters 

of different species of Orius viz., Orius laevigatus 

(Fieber) (Alauzet et al., 1994; Cocuzza et al., 1997); 

O. sauteri (Poppius) (Nagai and Yano, 1999); O. 

strigicollis (Poppius) (Kim et al., 1999; Ohta, 2001); 

O. albidipennis (Reuter) (Cocuzza et al., 1997); O. 

insidiosus (Say) (Mendes et al. 2005), O. thyestes Herring 

(Carvalho et al., 2005); O. similis Zheng (Zhou et al., 

2006; Zhang et al., 2012); O. thripoborus (Hesse) and 

O. naivashae (Poppius) (Bonte et al., 2012). The effect 

of different laboratory hosts on fertility parameters 

of O. tantillus has been studied by Ballal et al. (2012) 

and of temperature on the biological parameters of 

O. tantillus when fed on the target pest T. palmi by 

Nakashima and Hirose (1997). Through laboratory 

studies on the effect of constant temperature regimes 

on the developmental rate of an insect, information 

can be generated on its thermal requirements, which 

can further be used to predict the seasonal occurrence 

and population dynamics (Bernal and Gonzalez, 

1993). The current study was taken up to understand 

the effect of temperature on the biological and fertility 

table parameters and the thermal requirements of O. 

tantillus when it preys on the alternate laboratory host, 

S. cerealella. The outcome of the study is expected 

to have a bearing on understanding the rearing 

requirements and feasibility of field establishment of 

O. tantillus.  

MATERIALS AND METHODS

Insect cultures

Sitotroga cerealella (National Accession No. 

NBAII-MP-GEL-01) was cultured in the live insect 

repository of ICAR - National Bureau of Agricultural 

Insect Resources, Bangalore, India. UV-irradiated 

eggs of S. cerealella were utilized as laboratory host 

material for rearing O. tantillus (National Accession 

No.  NBAII-MP-ANT-06) based on studies by Gupta 

and Ballal (2006, 2009). Nymphs and adults of O. 

tantillus were initially collected from maize fields 

and acclimatized to laboratory conditions by rearing 

for five generations on laboratory host eggs before 

initiating the experiments. 

Effect of different constant temperatures on 

biological parameters of Orius tantillus

The biological parameters of O. tantillus were 

studied at different constant temperature regimes, 

viz. 16, 20, 24, 28, 32 and 36±1°C. Incubators with 

12L/12D cycles were maintained at the above-

mentioned temperatures with relative humidity 

maintained at 60±10%. Five pairs of freshly emerged 

O. tantillus adults were placed in pearl pet plastic 

container (500 ml) with UV- irradiated S. cerealella 

eggs as feed @ 8 eggs per adult per day, bean pieces 

(4-5 pieces) (for moisture and as oviposition substrate) 

and cotton strands (to avoid cannibalism). Three such 

sets were maintained at each temperature. Mortality 

of adults was recorded in the ovipositional containers 

and longevity tabulated. The bean pieces with eggs of 

O. tantillus were collected at 24hr intervals and kept 

in small round ventilated jewel boxes (diameter 7.5 
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cm and height 2.5 cm) for hatching. Freshly hatched 

nymphs were placed in a separate container (round 

ventilated plastic jewel box) and provided with UV- 

irradiated S. cerealella eggs as feed @ 4 eggs per day 

per nymph from day 1 to day 7 and 6 eggs per nymph 

per day from day 8 till the day of adult formation. 

Adults that emerged, were collected and their sex 

was determined by microscopic observation. The 

incubation, nymphal and total developmental periods 

were recorded. Fecundity was recorded in terms of 

adult progeny per female. To understand the effect 

of temperature on the above-mentioned biological 

parameters the data on developmental time, longevity, 

total progeny per female and percent female progeny 

recorded at different temperature regimes were 

subjected to ANOVA. 

Effect of different temperature regimes on the 

fertility table parameters of Orius tantillus 

From the lab reared O. tantillus culture, five 

pairs of adults were released into each ovipositional 

container (500 ml pearl pet plastic container). The 

containers were provided with UV-irradiated S. 

cerealella eggs (@ 8 eggs per adult per day) as feeding, 

bean pieces (4-5) as oviposition substrates and cotton 

lint to avoid cannibalism. Twelve such sets were 

maintained at each test temperature 16, 20, 24, 28, 32 

and 36±1°C. After every 24 hr, the bean pieces with 

O. tantillus eggs were collected and observed under 

the microscope to record the number of eggs laid, 

after which they were placed in small round ventilated 

jewel boxes (diameter 7.5 cm and height 2.5 cm) for 

hatching. This was continued till adult mortality in 

all ovipositional containers and male and female 

longevity was recorded. The freshly hatched nymphs 

were provided with UV- irradiated S. cerealella eggs 

as feed @ 4 eggs per day per nymph from day 1 to day 

7 and 6 eggs per nymph per day from day 8 till the 

day of adult formation. When adults emerged, they 

were collected and observed under the microscope to 

differentiate the sex and to record the female progeny. 

Since nymphs did not survive at 16°C and 

fecundity was nil at 36°C, fertility table studies of O. 

tantillus were conducted at four temperature regimes, 

viz., 20, 24, 28 and 32°C. The age specific survival (l
x
) 

and age specific fecundity (m
x
) at each pivotal age x 

were worked out for the entire reproductive period. 

The number of individuals alive at age x as a fraction 

of 1 was recorded as l
x 

and the number of female 

offspring produced per female at age interval x as 

m
x
. Utilising these, the fertility table parameters were 

calculated based on the methods suggested by Birch 

(1948) and Andrewartha and Birch (1954). 

Net reproductive rate (R
0
) =  ∑

 
l
x
 m

x
; Approximate 

duration of a generation (T
c
) = ∑

 
l
x
 m

x
/ R

0
;
 
Approximate 

intrinsic rate of increase (r
c
) = log

e 
R

0
/ T

c
;
 
Precise 

intrinsic rate of increase (r
m

) = e-r
m

 x l
x
 m

x
= 1; Net 

generation time (T) =  log
e 

R
0
/ r

m
; Finite rate of 

increase  (λ) = anti log
e
 r

m
;
 
Weekly multiplication of 

the population (r
w
) = (

e
 rm)7; Hypothetical F

2
 females 

= (R
0
)2; Doubling Time (DT) = log

e
 2/r

m
;
 
Weekly 

multiplication rate (WMR)= (λ)7.

Studies on thermal requirements

Studies on thermal requirements were restricted 

to four temperature regimes viz. 20, 24, 28 and 32°C 

(as was mentioned for fertility table studies). The data 

recorded on the incubation period, nymphal period 

and total developmental period of O. tantillus at the 

different test temperatures were used to calculate the 

developmental rate or reciprocal of developmental 

time (1/developmental time). These values as the 

dependent variables were used for regression analysis 

with temperature (the independent variable). Estimate 

of the respective lower development threshold was 

calculated by the x intercept method by setting 

regression equation to zero development per day as 

suggested by Arnold (1959). The thermal constant 

(K) is defined as the number of day degrees above 

the developmental stage, mathematically being the 

reciprocal of the slope (b) of the regression line and 

was calculated as suggested by Morris and Fulton 

(1970).  
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RESULTS AND DISCUSSION

Effect of different temperature regimes on 

the biological parameters of Orius tantillus 

Developmental time

There was an inverse relationship between 

developmental time and temperature, which has 

been reported in several Orius spp. viz. O. laevigatus 

(Alauzet et al., 1994), O. strigicollis (Kim et al., 1999) 

and O. insidiosus (Mendes et al., 2005). In the current 

study, significant reduction in developmental time 

occurred at higher temperatures of 28, 32 and 36°C). 

Though hatching occurred at 16°C, the nymphs could 

not survive to become adults at this temperature, 

while ≥90% survival was recorded at all other test 

temperatures. Nagai et al. (1998) reported on a total 

developmental time of 10.1 days for O. tantillus when 

reared on frozen eggs of Ephestia kuehniella Zeller 

and 9.8 days on nymphs of T. palmi. The extended 

developmental time of O. tantillus in our study at all 

temperatures (12.7 to 29.9 days) could be attributed 

to the host used for rearing.  The developmental 

period of O. strigicollis was observed to be different 

when reared on cotton aphids (Kim et al., 1999) and 

Frankliniella occidentalis (Pergande) (Ohta, 2001). 

In general, shorter developmental periods have been 

reported for other Orius spp. (Ohta, 2001; Nagai and 

Yano, 1999; Cocuzza et al., 1997). 

Longevity and Fecundity

Male and female longevity at 24°C (32.3 and 

38.3) days respectively, were significantly higher than 

the longevity recorded at the other test temperatures 

and progeny production was on par at 20, 24 and 

28°C. While longevity was adversely affected at a low 

temperature of 20°C and temperatures higher than 

24°C, progeny production was significantly reduced 

at 32 and 36°C. Though the adult females survived 

for 17 days at 32°C, the significantly lower progeny 

production could be due to unsuccessful mating at 

this temperature. A balanced or female biased sex 

ratio was recorded at all test temperatures. Our results 

on higher progeny production at 24°C and 28°C 

corroborate with the reports by Alauzet et al. (1994) 

and Sanchez and Lacasa (2002) on O. laevigatus; 

Mendes et al.  (2005), Carvalho et al.  (2005) and Soglia 

et al.  (2007) on O. insidiosus and Carvalho et al.  (2005) 

on Orius thyestes Herring. Considering both survival 

and progeny production, it could be concluded that 

24°C is the optimum temperature for mass rearing 

O. tantillus. Thrips palmi, one of the target pests of O. 

tantillus, was reported to lay maximum number of 

eggs at 25°C (Sreekanth et al., 2006). Since O. tantillus 

was also recorded to be most active and fecund at this 

temperature, this anthocorid can be considered as an 

ideal candidate for field testing against T. palmi.

Effect of different temperature regimes on the age-

specific survival and fecundity and fertility table 

parameters  

Figures 1 to 4 present the age specific survival and 

fecundity (in terms of female progeny production) of 

O. tantillus at different test temperatures. Immature 

stages of O. tantillus occupied 29, 19, 17 and 13 days, 

respectively at 20, 24, 28 and 32°C. First mortality 

occurred when the female was 7, 8, 14 and 5 days, 

respectively and hundred per cent mortality occurred 

after 41, 45, 31 and 25 days, respectively. Female 

progeny production continued till mortality at 20°, 

while at 24°C till the female was 41 days old. At 28 

and 32°C, female progeny production ceased when 

the female was 27 and 21 days old, respectively. 

Thus, considering the age specific female progeny 

production too, 24°C appeared to be the most suitable 

temperature.

The net reproductive rate (R
o
) of O. tantillus was 

higher at 24 and 28°C in comparison to 20 and 32°C 

(Table 2). At 32°C, fertility table parameters, viz., r
c
, 

r
m

, λ and WMR were highest, while doubling time 

was lowest. Doubling time was highest at 20°C (14.1 

days). However, hypothetical F
2
 females was lowest at 
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this temperature. At 24 and 28°C, reproductive rate 

and hypothetical F
2
 females were higher than that 

recorded at 20 and 32°C and WMR was higher that 

recorded at 20°C. 

The R
0 

and r
m

 values recorded for O. tantillus in 

the current study were lower than that reported for 

the same species by Kawamoto et al., (1999), probably 

due to the different host used for rearing and the 

longer generation time. The r
m

 values were, however 

comparable with those recorded for other species of 

Orius viz. O. strigicollis at 20 and 25°C (Kakimoto et 

al., 2005; Song et al., 2001) and O. insidiosus at 24°C 

(Tommassini et al., 2004). However, they were lower 

than that reported for O. strigicollis, O. sauteri and Orius 

minutus (Linnaeus) at other temperatures (Kakimoto 

et al., 2005). At 32°C, higher r
m

, lower doubling time 

Fig. 2. Age specific survival (l
x
) and fecundity (m

x
) of Orius tantillus  at 24°C.

Fig. 1. Age specific survival (l
x
) and fecundity (m

x
) of Orius tantillus at 20°C.
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and higher weekly multiplication rate were recorded, 

probably due to the shorter generation time. A similar 

observation was made in O. sauteri, where highest r
m

 

value was recorded at 30°C by Nagai and Yano (1999). 

Though the reproductive rate was higher at 24 and 

28°C in comparison to 20 and 32°C, the finite rate 

of increase recorded at the above temperatures were 

comparable. This could be because at 24 and 28°C, the 

increase in offspring production occurred later in the 

reproductive period, which could have had a negligible 

effect on the intrinsic rate of increase. At 32°C, several 

factors which could be advantageous for mass rearing 

Fig. 3. Age specific survival (l
x
) and fecundity (m

x
) of Orius tantillus at 28°C.

Fig. 4. Age specific survival (l
x
) and fecundity (m

x
) of Orius tantillus at32°C.
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were observed, however hypothetical F
2 
females were 

lesser than that recorded at the other temperatures. 

Further studies need to be conducted to understand 

the effect of continuous rearing for several generations 

at this temperature on the biological parameters of O. 

tantillus. Considering fertility table parameters, 24 

and 28°C emerged as the ideal constant temperatures 

for rearing O. tantillus. 

The net reproductive rate of the target pest, T. 

tabaci ranges between 20.46 to 81.58 (Madadi et al., 

2006), while we observed that R
o 

value of O. tantillus 

ranged between 7.0 to 11.42. In general, the generation 

time of thrips is shorter in comparison to that of Orius 

spp., leading to a higher r
m

 and λ values in the former. 

The longer generation time and lower reproductive 

rate of the predator probably indicates that more 

number of releases of Orius would be required for 

successful biological control of thrips. The significant 

effect of host plant on survival and reproduction of 

thrips is evident through the higher generation time 

(19.09 days), lower r
m

 and λ values on sweet pepper 

(0.158 and 1.171, respectively) (Madadi et al., 2006). 

The comparable r
m

 and λ values that we recorded for 

O. tantillus gave an indication that it would be worth 

evaluating O. tantillus against T. tabaci on sweet 

pepper, wherein the rate of increase of the predator 

could match up with that of the pest, with higher 

chances of establishment. 

Thermal requirements in Orius tantillus

Linear models are used for calculating lower 

developmental thresholds and thermal constants in 

insects, within a range of 15 to 30°C (Bonte et al., 2012). 

At extremely low or high temperatures, which are 

deleterious to growth, the relationship between insect 

developmental rates and rearing temperatures cannot 

be explained by a straight line. However, though non-

linear models can give more accurate descriptions 

between development and temperature, they cannot 

be used for the calculation of thermal constants. In the 

present study, the rates of development of O. tantillus 

were linearly related to temperature between 20 to 

Rearing 
Tempera-

ture
(±1°C)

R
0

T
c

r
c

r
m

T λ

Dou-
bling 
Time 
(days)

Hypo. F
2 

♀s
WMR

20 8.24 60.72 0.034 0.049 43.01 1.08 14.14 67.90 1.73

24 10.94 35.93 0.066 0.056 43.01 1.16 12.38 119.68 2.85

28 11.42 32.74 0.074 0.070 35.01 1.19 9.90 130.42 3.41

32 7.01 22.43 0.087 0.097 20.01 1.22 7.14 49.14 4.04

Table 2. Fertility table of Orius tantillus when reared at different temperature regimes
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32°C.

A significant negative relationship was observed 

between developmental period (incubation, nymphal 

and total) and temperature. The regression equations 

obtained with  coefficient of determination (R2), 

calculated lower threshold and the thermal constant 

for each stage are presented in Table 3. 

The thermal requirements of O. tantillus and 

threshold temperature for the adult are comparable 

with the observations made by Alauzet et al. (1994) 

and Tomassini et al. (2004) for O. laevigatus. However, 

the development threshold values for O. tantillus stages 

recorded in our study were lower than that recorded for 

the same species when reared on T. palmi (Nakashima 

and Hirose, 1997).  This could be because of the 

differences in host insect used and the rearing method 

adopted as these can influence the developmental 

rates and thereby the calculated threshold values. 

The calculated lower threshold temperature values 

indicated that the egg stage of O. tantillus is more heat 

sensitive in comparison to the nymphal stage, while 

the T
0
 values of egg and female nymphal stage were 

comparable. Egg stage of O. laevigatus was observed to 

be least sensitive in comparison to the nymphal stage 

(Tommassini et al., 2004 and Sanchez and Lacasa, 

2002). In O. tantillus, female was observed to be more 

heat sensitive in comparison to the male, which is 

comparable to the results reported by Mendes et al. 

(2005) for O. insidiosus. 

In general, the lower developmental threshold 

value of O. tantillus in comparison to other Orius spp. 

indicates that O. tantillus could be less heat sensitive 

in comparison to species like O. strigicollis (Kim 

et al., 1999; Ohta, 2001), O. insidiosus (Mc Caffrey 

and Horsburgh, 1986; Mendes et al., 2005), O. niger 

Stage Regression equation R2 T
0
 (°C)

K (degree 
days)

Egg-nymph y=0.0092x-0.0797 0.873 8.66 108.70

Nymph-adult 
(male)

y=0.0039x-0.021 0.900 5.38 256.41

Nymph-adult  
(female)

y=0.0044x-0.0373 0.949 8.48 227.27

Overall nymphal 
period

y=0.0042x-0.0291 0.921 6.92 238.09

Egg to adult  
(Male)

y=0.0027x-0.0168 0.989 6.22 370.37

Egg to Adult 
 (female)

y=0.0033x-0.0315 0.976 9.55
303.03

Overall  
development

y=0.003x-0.0242 0.972 8.06 333.33

Table 3. Linear regression equations for developmental rate against temperature, lower          
       developmental thresholds and total effective temperatures of Orius tantillus
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(Baniameri et al., 2005a,b), O. sauteri (Nagai and 

Yano, 1999), O. albidipennis (Sanchez and Lacasa, 

2002), and O. laevigatus (Sanchez and Lacasa, 2002). 

Hence, O. tantillus could be considered as a potential 

bio-agent to target thrips infesting polyhouse crops in 

temperate regions as it may be able to survive at low 

temperatures. However, an aspect to be considered 

is that the estimated T
0 

is an extrapolation of the 

relationship between temperature and development 

into a region where the relationship is unlikely to 

be linear. This could lead to ecologically inaccurate 

estimates. For eg., in the present study, the estimated 

T
0
 value for nymphal development of O. tantillus was 

6.92, however the actual observation was that nymphs 

could not survive at constant 16°C. The developmental 

rates of predatory insects could also vary in the field 

under varying temperature conditions and when 

feeding on the actual prey (Tommasini et al., 2004). We 

have to bear in mind that in field situations, we cannot 

expect long term constant 16°C or 36°C, periodic 

respites would occur from cool or hot temperatures 

(humidity conditions / rainfall contributing towards 

that), which would alter or enhance the chances of 

survival of the nymphal and / or adult stages of the 

anthocorid and improve its performance as a predator.  

Sanchez and Lacasa (2002) have reported 35.5°C as 

the upper threshold value for O. laevigatus and 40.9°C 

for O. albidipennis. In the current study, though O. 

tantillus adults could not produce any progey at 36°C, 

the development could be completed, indicating that 

the study should be conducted at higher temperatures 

to identify the actual upper threshold for O. tantillus.

The thermal constant (K) expressed as the number 

of degree-days provides an alternative measure of the 

physiological time required for the completion of a 

process or a particular developmental event and it 

is known to be species or stage specific (Damos and 

Savopoulou-Soultani, 2008). The thermal constant 

recorded in our study for O. tantillus is higher than 

that recorded for the same species (Nakashima and 

Hirose, 1997) and other species like O. sauteri (Nagai 

and Yano, 1999), O. insidiosus (Mendes et al., 2005) 

and O. niger (Baniameri et al., 2005a). Yeargan (1983) 

mentions that the concept of a “thermal constant” for a 

species is a crude approximation. Earlier records have 

indicated that thermal requirement for development 

varies with temperature, particularly at low and 

high. The differences in thermal constants recorded 

in our study could have been due to the differences 

in developmental rates, which are dependent on the 

rearing conditions adopted and the prey insects used. 

The life history characteristics of a natural enemy 

in comparison to that of the pest are to be considered 

while evaluating its biocontrol potential. Based on 

the threshold temperatures recorded for the pest 

and the natural enemy, we can predict the number 

of generations of the pest and the natural enemy at 

a particular field temperature and thus the possible 

role the natural enemy could play in suppressing the 

pest. The lower threshold temperature (T
0
) of T. tabaci 

was observed to be 11.5°C by van Rijn et al. (1995) 

and 10.8°C by Murai (2000) and for S. dorsalis 8.5°C 

(Shibao, 1996). Thus O. tantillus appeared to be less 

heat sensitive in comparison to T. tabaci, while it 

seemed to have a similar response to temperature as 

S. dorsalis. 

The effective accumulated temperature for the 

target pest T. tabaci is 232.6 DD (Murai, 2000) and for 

S. dorsalis 294.1DD (Shibao, 1996), which indicates 

that two of the target pests also have almost similar DD 

requirements as the predator under study. Thus, the 

data generated can be utilized for roughly estimating 

the development and number of generations per year 

of the anthocorid in different agro-ecological regions, 

to compare the DD requirements of the predator with 

that of different target pests and more importantly to 

precisely plan and fine-tune the production strategies 

of O. tantillus for field releases in different agro-

climatic conditions. However, further studies are 
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required on identifying the thermal requirement of O. 

tantillus when fed on specific target pests and also the 

actual lower and upper thresholds of the predator in 

field situations.
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