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Abstract. The ladybird, Stethorus gilvifrons (Mulsant) (Coleoptera, Coccinellidae) and the hemipteran bug, Orius albidipennis Reuter
(Hemiptera, Anthocoridae) are two important predators of two-spotted spider mite, Tetranychus urticae Koch (Acari, Tetranychidae).
Comparative studies were carried out to evaluate their reproductive potential, life table parameters accompanied by energetic
relations with the prey in laboratory conditions. The pre-adult survival rate was 73.0% for S. gilvifrons and 44.0% for O. albidipennis.
The developmental time was one day shorter for S. gilvifrons than O. albidipennis (16.0£0.75 vs. 16.95+0.76d). The oviposition periods
of S. gilvifrons were significantly longer than O. albidipennis (45.1 £8.20 vs. 20.7+7.32d). Stethorus gilvifrons laid 85.0% and fourfolds
more eggs than O. albidipennis in daily and life time scales, respectively. There were significant differences in all life history
parameters between the two predators (p<0.01). The intrinsic rate of increase (rn) was significantly higher in S. gilvifrons than O.
albidipennis (0.1514+0.0045 vs. 0.1010£0.0065 d-1). Daily prey consumption rate of female and male S. gilvifrons was 31.0% and 63.0%
more than that of O. albidipennis. Moreover, life time prey consumption rate of adult S. gilvifrons was 2.7 and 3.2 folds more than O.
albidipennis females and males respectively. Stethorus gilvifrons allocated more energy of its ingested food for reproduction than O.
albidipennis. Results of the present study revealed that, S. gilvifrons not only more efficiently consume the two-spotted spider mite
populations, but also more effectively convert it to progeny biomass.
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Introduction

Two-spotted spider mite, Tetranychus urticae Koch, is consid-
ered as the most polyphagous species of the Tetranychidae
(Ragkou et al. 2004). Tetranychus urticae is a serious pest of
over 200 economically important crops (Helle & Sabelis
1985). This species has become a serious problem due to ex-
tensive use of chemical insecticides. Because of its rapid de-
velopment and high natality, this mite can rapidly develop
resistance to acaricides, even after few applications (Uddin
et al. 2017). On the other hand, some acaricides reduce the
net fecundity/fertility of predator mites (Maroufpoor et al.
2016). As a result, the release of biological control agents
such as predatory mites, ladybirds and Orius bugs has be-
come a popular option for managing spider mite outbreaks
(Uddin et al. 2017).

Orius albidipennis Reuter is a generalist predator which
attacks eggs, immature stages and adults of the small soft-
bodied arthropods (Péricart 1972) and is frequently found in
large numbers in various agricultural habitats (Chyzik et al.
1995, Cocuzza et al. 1997). O. albidipennis is widely distribut-
ed in the Mediterranean basin and the Atlantic zone of
Western Europe (Péricart 1972). It is well-adapted to high
temperatures (Cocuzza et al. 1997) and does not have a pho-
toperiod induced reproductive diapause (Chyzik et al. 1995).
This species is a biological control agent of two-spotted spi-
der mite (Chyzik et al. 1995, Cocuzza et al. 1997) although
spider mite webbing is considered as a barrier against it
(Messelink et al. 2010). This predator could switch to other
kinds of prey, pollen, etc., to survive and remain in habitat to
visit further patches in future (Hulshof & Linnamiki 2002).

O. albidipennis, like other generalist predators with lower
predation, permits target pest to recover, and lowers selec-
tive pressure which in turn delays pest adaptation to control
measurements (Harper 1991, Juliano 2007).

On the other hand, the predatory ladybird beetle, Stetho-
rus gilvifrons is a specialist predator preying on different
stages of spider mites such as Panonychus ulmi (Koch), T. ur-
ticae, T. turkestani (Ugarov & Nikolskii 1937) and Oligonychus
sacchari (McGregor 1942). All species of the genus Stethorus
Weise are predators of spider mites (Ragkou et al. 2004) and
several of them have been suggested to have potential as
biological control agents of spider mites (Hull et al. 1976,
Ragkou et al. 2004). They are known to be voracious preda-
tors with all the motile life stages feeding on all prey stages.
They have high host-finding ability, high dispersal potential
and long-living adults (Roy et al. 2005). S. gilvifrons can be
considered for inundative release programs for rapid control
of spider mites in greenhouses and potentially in fields
when an immediate action is required (Messelink et al. 2014);
However, one must be aware that over-exploitation by a vo-
racious specialist predator may deplete patches rapidly re-
sulting in predators death or leaving the habitat. Then sub-
sequent infestations may remain unprotected (Messelink et
al. 2014). The present study helps decision makers as well as
scientists to evaluate relative advantage of a specialist preda-
tor to a generalist one in a situation where the major pest is
two-spotted spider mite and no other control alternative is
available. Number of prey killed, ability of predator to con-
vert prey biomass to predator biomass and population
growth rate was documented.
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Material and Methods

Cultures

a) Two-spotted spider mite: The two-spotted spider mite was originally
collected from infested corn plants (Zea mays L.) in Moghan region
(39.65°N, 47.91°E), Ardabil province, Iran and reared on bean plants
(Phaseolus vulgaris Linnaeus, c.v. Khomain) in a glasshouse of Faculty
of Agriculture, University of Tabriz, Iran. Four bean seeds were
sown in each plastic pot (25 cm in diameter and 30 cm in height) con-
taining field soil within a wooden-framed cage (100x100%60 cm)
covered by nylon mesh at 25+1°C, 70£5% RH and 14L/10D h photo-
period.

b) Predators: The individuals of O. albidipennis and S. gilvifrons
were collected from corn and soybean fields in the same location in
summer of 2015 and 2016. They were reared in a growth chamber
(Iran Khodsaz, IKH, RH) at 27+1°C, 65+5% RH and 16L/8D h photo-
period.

- Rearing of S. gilvifrons: S.s gilvifrons were kept for a few genera-
tions in plastic boxes (20 cm in lengthx10 cm in widthx5 cm in
height) covered by muslin at top and filter paper at the bottom. De-
tached bean leaves infested by the spider mite, T. urticae, were used
as food source (Gotoh et al. 2004).

- Rearing of O. albidipennis: This predatory bug (40 individuals
per jar) was reared in plastic jars (10 cm diameter x 20 cm height),
covered by muslin using a rubber band. The bugs were fed by T. ur-
ticae on detached and infected bean leaves and corn pollen were dai-
ly supplied. A green bean pod was provided in each jar as an ovipo-
sition substrate as well as a moisture source. Bean pods with newly
deposited eggs were removed and replaced daily (Isenhour & Year-
gan 1981). Crumpled tissue papers were included to avoid cannibal-
ism.

Life Table Studies

Life history of both S. gilvifrons and O. albidipennis was studied in
ventilated plastic containers (6 cm in diameter and 3 cm in height)
covered by fine nylon gauze. A bullet of cotton was soaked and then
spread at bottom of the container and a kidney bean (Phaseolus vul-
garis L.) leaf disc (33 cm) was placed on it. The experiments were
conducted in a laboratory at 27+1°C, 6525% RH and 16L/8D h pho-
toperiod. A fertile female of each predator (100 replicates per spe-
cies) was separately transferred on a leaf disc and allowed to ovipos-
it for 12 h. Then all eggs except one, as well as the female itself were
removed. Egg incubation time as well as development of immature
stages were recorded in 12h intervals (Honda et al. 1998, Perumal-
samy et al. 2010). Observing exuviae was used to ascertain larval or
nymphal stages. Stage survival as well as sex ratio of the cohort were
determined at emergence. In order to estimate adult parameters, 20
females of the same cohort were coupled pairwise with 20 males for
24h. Female longevity and both daily and life time fecundity were
determined for an inseminated female of less than 24 h old up to
death. Female life span was divided to pre-oviposition, oviposition
and post-oviposition periods. Observed data were then used for con-
structing life tables (Honda et al. 1998, Perumalsamy et al. 2010).

Predation

Predation rate (number of prey consumed by a single predator per
day) was calculated by subtracting number of female T. urticae sup-
plied in a day from survived number of the next day at the same
time. The number of prey supplied was determined based on prelim-
inary experiments to ensure that more prey was available than the
predator’s daily consumption rate (80 female mites in each replicate
per day). In order to avoid reproduction of ovipositing females, new-
ly emerged females were transferred directly from the stock culture
to the experimental arena; also, laid prey eggs were removed from
the arena in intervals of 7-8 h (Perumalsamy et al. 2010, Bonte et al.
2015). Daily consumption rate of the predator was examined under a
stereomicroscope. These counts were converted to biomass by mul-
tiplying number of prey eaten by mean dry weight of a female T. ur-
ticae estimated for 200 mites. A digital scale (Mettler, model AG, ME-
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702395) was used to weigh female mites (10 per sample) as well as
the predators life stages (once in a lifetime of an individual, n=20).
Biomass production of the predator was determined as dry weight
gained at sequential stages of individual predators (Slansky & Ro-
drigues 1987). All samples were dried in an oven (Memmert, model
100-800) in 65°C for 24 h. Then growth rate (GR), consumption rate
(CR) and efficiency of conversion of ingested food (ECI) was calcu-
lated by equations (1) to (3) (Slansky & Rodrigues 1987)

GR=B/T (eq.1) CR=1/T (eq.2) ECI=B /I (eq.3)

in which I, B and T are food ingested in pg dry weight, biomass
production and time specified as any particular period, respectively.

Data Analysis
Stable population growth parameters including intrinsic rate of in-

crease (rm), finite rate of increase (1), gross and net reproduction rates
(GRR and Ry respectively), generation time (T) and doubling time
(DT) as well as the other earlier mentioned life history parameters
were calculated following Carey (1993). The jackknife procedure was
used to calculate pseudo-values of the life history parameters and es-
timate their mean, variance and standard error (Meyer et al. 1986).
The two-sided t-test was applied for testing the existence of statisti-
cally significant differences between the two predators (P<0.01). Pri-
or to it, F-test (P<0.01) was adopted for determining equality of vari-
ances to choose the proper t-test.

Results

Development and survival of immature stages

The developmental time, survival rate and stable stage dis-
tribution of immature stages of S. gilvifrons and O. albidipen-
nis are shown in Table 1. The highest amount of population
in both predators was in the egg stage. On the other hand,
the lowest amount of population in S. gilvifrons and O. albi-
dipennis was observed in the prepupa and 3rd nymph stages
respectively. Stage structure of stable population consisted
of 92.7 vs 89.1% immature stages and 7.3 vs 10.9% adults in
S. gilvifrons and O. albidipennis respectively. The highest mor-
tality occurred at earlier stages in O. albidipennis and de-
creased through development, while it was similar at differ-
ent stages of the other predator (Table 1). Total developmen-
tal time of S. gilvifrons took 16.0 days in females and 15.55
days in males. Total developmental time of O. albidipennis
was 16.95 and 16.60 days in females and males, respectively.
There was significant difference (P<0.01) between the total
developmental period of these two predators (Table 2).

Longevity and fecundity

The longevity of S. gilvifrons and O. albidipennis reared on the
T. urticae are given in Table 2. Daily and total fecundity of
two predators are shown in Table 2, Fig. 1. The results
showed highly significant differences in all life history pa-
rameters except pre-oviposition period between the two
predators. The sex ratio was nearly 1:1 in both predators.
The life expectancy of both predators slightly increased up
until adulthood, followed by a linear decline afterwards and
slight fluctuations at senescence (Fig. 2).

Stable population growth parameters

The stable population growth parameters of S. gilvifrons and
O. albidipennis are presented in Table 3. Significant differ-
ences were observed between two predators in all these pa-
rameters (P<0.01).




Efficiency and consumption rate of S. gilvifrons and O. albidipennis

127

Table 1. Developmental time (Mean * SE) of immature stages, survivorship and stable stage distribution of Stethorus gilvifrons and Orius

albidipennis fed on Tetranychus urticae.

Stethorus gilvifrons Orius albidipennis
stage developmental Stage Stable stage stage developmental Stage Stable stage
time (d) Survival (%)  distribution (%) time (d) Survival (%)  distribution (%)
Egg 3.95+0.229 95.0% 48.6 Egg 3.45+0.51 2 80% 40.6
3.89+£0.313 3.40£0.50 &
Larval 1.95+0.22 9 92.6% 14.6 Nymph I 2.85+0.49 % 83% 19.5
1.90£0.31 3 2.80+041 3
Larva II 1.65£0.49 @ 96.6% 9.0 Nymph I 245+ 0519 86% 11.2
1.58+0.50 & 245+0.51 3
Larva III 1.80+0.41 ¢ 95.3% 7.2 Nymph III 2.10+£0.55 ¢ 91% 33
1.75£0.44 3 2.05£0.39 &
Larva IV 2.30+0.47 2 96.3% 6.3 Nymph IV 2.80+£0.62 ¢ 92% 9.6
2.19+041 3 2.75+0.55 &
Prepupa 0.70+0.47 @ 100% 15 Nymph V 3.30+ 0.57 2 92% 49
0.70+ 047 3 3.15£049 3
Pupa 3.65+0.49 ¢ 93.6% 55
3.50£0.51 3
Total 16.03+0.75 ¢ 73.0% 92.7% 16.95+0.76 9 44.0% 89.1%
(egg to adult) 15.55+0.94 3 16.60+0.88 3
Table 2. Duration of different periods of life (Mean+SE) and fecundity of Stethorus gilvifrons and Orius
albidipennis fed on two-spotted spider mite, Tetranychus urticae.
Parameters Stethorus gilvifrons ~ Orius albidipennis ~ t-value  df P-value
Female
Developmental time (d) 16.03+0.75 16.95+0.76 3.7075" 38 0.000
Pre-oviposition period (d) 3.40+0.50 3.52+0.89 0.4381» 30 0.660
Oviposition period (d) 45.11+8.20 20.73+7.32 9.9313* 38  0.000
Post-oviposition period (d) 4.25+0.79 1.25+1.02 10.4198" 38  0.000
Daily fecundity (egg/day) 6.76+0.18 3.65+0.67 20.2236" 22 0.000
Total fecundity (life time eggs) 305.21+15.08 75.15+12.24 16.4843" 29 0.000
Longevity (d) 52.75+8.72 25.45+8.65 9.9394" 38  0.000
Male
Developmental time (d) 15.55+0.95 16.61+0.88 3.63253" 38  0.000
Longevity (d) 46.85+8.85 23.85+6.56 9.3344™ 38  0.000
Sex ratio "F/(F+M)" 37/73 23/44
Number of replicates (1) 20 20
ns: not significant, **highly significant (P< 0.01)
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Figure 1. Mean number of eggs laid by O. albidipennis and
S. gilvifrons during female life span by feeding on T. urticae.

Prey consumption and assignment rate

Number of female mites consumed by S. gilvifrons and O. al-
bidipennis increased by stage development (Table 4). The
consumption rate in different stages of the two predators in
terms of biomass ingested is presented in Fig. 4. In drawing

Figure 2. Age-specific life expectancy of O. albidipennis and S.
gilvifrons on T. urticae.

these charts, variation of daily consumption rate was ig-
nored. Hence, the height of each rectangle reveals mean dai-
ly intake (ug), the width implies mean duration of the stage
(d) and the area is life-time biomass consumption (ug.d). In
order to provide an intact visual comparison, scales of both
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Table 3. Stable population growth parameters (MeanSE) of Stethorus gilvifrons and Orius albidipennis fed on
two-spotted spider mite, Tetranychus urticae.

Population growth parameters Stethorus gilvifrons  Orius albidipennis ~ t-value df P-value
Gross reproductive rate (GRR) 180.483+17.720 51.763+ 3.512 712" 28 0.000
Net reproductive rate (Ro) (offsprings) 112.939+13.871 17.618+3.372 6.68" 29 0.000
Intrinsic rate of increase (7) (d) 0.151+0.005 0.101+ 0.007 6.33" 68 0.000
Finite rate of increase (A) (d) 1.163+0.005 1.106+ 0.007 6.39" 69 0.000
Mean generation time (T) (d) 31.270+0.362 28.601+ 0.473 453" 69 0.000
Doubling time (DT) (d) 4.571+0.141 6.832+ 0.450 479" 51 0.000
Intrinsic birth rate (b) (d-) 0.164+0.003 0.142+0.033 382" 65  0.000
Intrinsic death rate (d) (d) 0.013+0.005 0.041+0.058 277" 66 0.007

** highly significant (P< 0.01)
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Figure 3. Age-specific survival rate (Ix), gross fecundity (Mx), female progeny (mx) and net fecundity based on the female cohort
(Lxmy) in a) O. albidipennis and b) S. gilvifrons both fed by T. urticae.

Table 4. Daily and life-time number (Mean#SE) of prey consumed by different stages of Stethorus gilvifrons and Orius albidipennis feeding
on adult females of two-spotted spider mite.

Stage Daily prey consumption t-value df P-value Total prey consumption t-value df P-value
S. gilvifrons  O. albidipennis S. gilvifrons O. albidipennis

First instar 3.6+0.46 2.9+0.43 5.9+1.37 8.3+1.59

Second instar 9.1+0.72 5.9+0.66 15.1+4.14 14.9+2.87

Third instar 18.1+1.90 11.5+1.03 32.66.18 23.6+4.84

Fourth instar 29.1£3.39 17.7£1.44 66.9£6.92 49.5+10.87

Fifth instar - 23.9£2.14 - 80.2£10.95

male 48.6+1.24 29.8+0.70 59.725* 30  0.000  2277.9+429.30  709.8+200.59 14.80* 27  0.000

female 59.8+1.15 45.6+1.78 30.429** 32 0.000  3156.0+#533.96 1157.2+410.24 13.275** 38  0.000

**highly significant (P< 0.01)
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Figure 4. Stage-specific biomass consumption by a) O. albidipennis and b) S. gilvifrons.

axes were considered to be equal. Absolute advantage of is obvious within these figures. In order to provide a better
adults to immature stages of both predators, in addition to overview, cumulative ingestion curves were also provided
relative advantage of the S. gilvifrons to O. albidipennis adults (Figs 5a, 5b).
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Table 5. Efficiency of conversion of ingested food, growth rate and consumption rate (Mean+SE) of S. gilvifrons

and O. albidipennis fed on T. urticae.

Variable S. gilvifrons O. albidipennis ~ t-value df P-value
Efficiency of conversion of ingested food ( ECI)  0.572+0.1204 0.597+0.1094  0.462" 18 0.650
Growth rate (GR) (ug/day) 12.589+2.6862  11.405+1.5869 1.201n 18  0.246
Consumption rate (CR) (ug/day) 22184+1.2613 18.198£0.8845 11.571" 38  0.000
ns: not significant

** highly significant (P< 0.01)
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Figure 5. Cumulative daily biomass intake by S. gilvifrons and O. albidipennis a) immature stages and b) adults.

Cumulative prey ingestion by immatures had exponen-
tial patterns in both predators, whereas it was rather linear
in adults with steeper slopes for S. gilvifrons at both stages,
implying a faster intake. This suggests a constant daily con-
sumption rate of adults in comparison to increasing trend of
stage-specific attack rate of immatures. Cumulative curve of
S. gilvifrons larvae reached a plateau which is characteristic
of non-feeding stages of pupae. During feeding cessation of
the ladybird pupa, O. albidipennis nymphs continued feeding
and just at day 11.3, their cumulative curve intersected that
of the S. gilvifrons and further exceeded it. In other words, S.
gilvifrons larvae feed faster but whole number of prey eaten
by them was partially lower than O. albidipennis nymphs.
This situation was temporary, because adults of the ladybird
emerge sooner and continue feeding by a higher rate than
the other predator. Both duration and daily rate of feeding is
higher in S. gilvifrons adults. Therefore, if other factors re-
main constant, the ladybird will finally consume more prey
than the anthocorid bug. Taking its higher survival rate and
faster population growth rate into account, this difference
will be gradually reinforced.

We tested the difference between these two predators in
allocation of food ingested for reproduction. Number of
preys consumed and number of eggs laid by female preda-
tors were converted to pg dry weight and drawn together
(Figs 6a, 6b). Fig 6a shows that biomass assigned to repro-
duction exceeded biomass intake by young females of S.
gilvifrons. In spite of the energy reserved at immature stages,
adults of S. gilvifrons spent a 3.5d pre-oviposition period.
During this interval, they could ingest 300pug without any
egg output. Hence in subsequent days when egg biomass
exceeds biomass inputs, the predator still has energy re-
serves to support laying extra eggs. Thus cumulative curves
indicated that biomass invested in reproduction never ex-
ceeded reservoirs of the predator (Figs 7a, 7b). Between the
two predators, a significant difference was observed in CR
(P=<0.01) but there were no significant differences in ECI or

GR (Table 5).

Discussion

Life table study indicated that when T. urticae is provided as
prey, S. gilvifrons allocates consumed food to development,
maintenance and reproduction more efficiently than O. albi-
dipennis. This result is confirmed by higher rate of develop-
ment, higher survival rate, longer longevity, and finally
higher reproduction rate in S. gilvifrons.

According to our results, S. gilvifrons developed one day
faster than O. albidipennis. The survival rate of S. gilvifrons
was higher than that of O. albidipennis; as well as, longevity
of both females and males of S. gilvifrons was twice as much
as the other predator. Daily and total fecundity of S.
gilvifrons were more than that of O. albidipennis (Table 2, Fig.
1). As confirmed by nutritional data, such significant differ-
ences refer to intrinsic differences of predators in feeding
rate as well as conversion rate of the ingested food and allo-
cation of energy supplies to development and subsequently
reproduction. Taghizadeh et al. (2008a,b) reported that 35°C
is a suitable temperature for population growth of S.
gilvifrons and no development occurred at 40°C. Results of
other studies indicated that in temperatures between 24 and
28°C, different species of Stethorus completed developmental
period in 11-19d compared to 12-18d in Orius spp. feeding
on different prey species (Table 6). Female longevity of 26-
117d in Stethorus spp. and 12-35d in Orius spp. as well as fe-
cundity of 120-500 eggs in former and 38-111 eggs in the lat-
ter are consistent with our results; these measurements,
however, show a considerable variation in different experi-
ments (Table 6).

The highest mortality rate of S. gilvifrons and O. albi-
dipennis occurred at early stages (the first instar larva and
egg respectively). This finding agrees with Mori et al. (2005),
Rattanatip et al. (2008) and Sobhy et al. (2010). The sex ratio
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Figure 7. Cumulative daily biomass intake vs. cumulative biomass assigned for eggs by female a) S. gilvifrons and b) O. albidipennis.

Table 6. Survival rate, developmental time, female longevity, total fecundity and daily prey consumption of females in different species
of Stethorus and Orius.

Survival Development Female Total Daily prey

Predator species Prey species rate time longevity fecundity consumption Reference
(%) (days) (days) (eggs)

Stethorus picipes  Oligonychus punicae - 16.86 96 221 35.9 Tanigoshi & McMurtry 1977
S. loi Tetranychus kanzawai - - 48.4 - 26.1 Shih et al. 1991
S. punctillum T. mcdanieli 65 12.7 27.7 110.4 66.3 Roy et al. 2002, 2003
S. japonicus T. urticae - 174 69.6 501 - Mori et al. 2005
S. tridens T. evansi 80.2 16.2 71.6 123 67.8 Fiaboe et al. 2007
S. gilvifrons T. cinnabarinus - 14.62 26.35 - - Akist et al. 2007
S. pauperculus T. urticae 50.5 14.05 74.19 240.91 - Rattanatip et al. 2008
S. siphonulus T. urticae 70.5 11.25 35.24 150.71 - Rattanatip et al. 2008
S. punctillum T. ludeni Zacher - 17.35 37 121 26.45 Arbabi & singh 2008
S. gilvifrons O. coffeae 94.24 19.23 117.25 149.25 524 Perumalsamy et al. 2010
S. gilvifrons T. urticae 73 16 52.75 305 59.8 Taghizadah et al. (this study)
Orius insidiosus ~ T. urticae 96.9 13.8 263 444 - Kiman & Yeargan 1985
O. albidipennis T.urticae 40.4 15 35.1 110.9 - Chyzik et al. 1995
O. minutus Anagasta kuehniella 84 11.7 16.73 105.36 - Honda et al. 1998
O. sauteri A. kuehniella 96 12.03 139 68.40 - Honda et al. 1998
O. sauteri A. kuehniella - 14 27.9 103.9 - Yano et al. 2002
O. sauteri T. urticae 73.8 17.9 25.8 38.1 - Paik et al. 2003
O. albidipennis T.urticae 59.57 16.71 14.33 63.26 9.14 Sobhy et al. 2010
O. insidiosus Sitotroga cerealella 66.67 15 1247 60.29 - Avellaneda Nieto et al. 2016
O. albidipennis  T.urticae 44 16.95 25.45 75.15 45.6 Taghizadah et al. (this study)

obtained for S. gilvifrons in our study was within the range
reported by Putman (1955), Tanigoshi & McMurtry (1977),
Mori et al. (2005) and Fiaboe et al. (2007). The sex ratio ob-
tained for O. albidipennis was also consistent with Sobhy et
al. (2010). Life expectancy of S. gilvifrons was more than that

of O. albidipennis (52.83 vs. 22.86 days at birth and 52.25 vs.
23.27 days at emergence respectively) (Fig. 2). The pre-
oviposition period of the two predators was similar while
oviposition, and post-oviposition periods of the S. gilvifrons
females lasted more than twice and three times as long as
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Table 7. Intrinsic rate of increase (1) in different species of Stethorus and Orius.

Predator species Prey species Temperature ("C) 1w (d') Reference

Stethorus madecassus Tetranychus neocaledonicus André 25 0.155  Chazeau 1974

S. picipes Casey Olygonychus punicae (Hirst) 24 0.121  Tanigoshi & McMurtry 1977
S. loi Sasaji T. kanzawai Kishida 24 0.160  Shih etal. 1991

S. punctillum Weise T. cinnabarinus Boisduval 25 0.168  Sekeroglu & Yigit 1992

S. punctillum T. mcdanieli McGregor 24 0.100  Roy et al. 2003

S. japonicus Kamiya T. urticae 25 0.156  Mori et al. 2005

S. gilvifrons (Mulsant) T. cinnabarinus 25 0.159  Akist et al. 2007

S. tridens Gordon T. evansi Baker & Pritchard 27 0.104  Fiaboe et al. 2007

S. pauperculus (Weise) T. urticae 27-28 0.114  Rattanatip et al. 2008

S. siphonulus Kapur T. urticae 27-28 0.157  Rattanatip et al. 2008

S. gilvifrons T. urticae 28 0.145  Taghizadah et al. (2008a)

S. gilvifrons Oligonychus coffeae (Nietner) 25 0.066  Perumalsamy et al. 2010

S. gilvifrons T. urticae 27 0151  Taghizadah et al. (this study)
Orius laevigatus (Fieber)  Frankliniella occidentalis (Pergande) 25 0.105  Cocuzza etal. 1997

O. albidipennis (Reuter)  F. occidentalis 25 0121  Cocuzza et al. 1997

O. minutus (Linnaeus) Anagasta kuehniella Zeller 25 0.137  Honda et al. 1998

O. sauteri (Poppius) A. kuehniella 25 0.132  Honda et al. 1998

O. sauteri Thrips palmi Karny 25 0.128  Nagai & Yano 1999

O. sauteri A. kuehniella 25 0.115  Yano etal. 2002

O. strigicollis (Poppius)  A. kuehniella 26 0.102  Kakimoto et al. 2005

O. sauteri A. kuehniella 26 0.110  Kakimoto et al. 2005

O. minutus A. kuehniella 26 0.107  Kakimoto et al. 2005

O. albidipennis T. urticae 26 0.128  Sobhy et al. 2010

O. albidipennis T. urticae 27 0101  Taghizadah et al. (this study)

that of O. albidipennis respectively.

The results also showed that parameters such as r,,, R, A,
T, b and GRR in S. gilvifrons were greater than those of O. al-
bidipennis while DT and d were lower (Table 3). The trade off
between these parameters caused a 1.5 times faster popula-
tion growth rate of the S. gilvifrons. In biological control
practice, r-value is increasingly used as a criterion for prima-
ry screening of promising biocontrol agents (Jervis & Cop-
land 1996). A comparison among different species of Stetho-
rus and Orius by feeding on different preys, shows a relative
advantage of the former (Table 7). The intrinsic rate of in-
crease of Stethorus spp. is in the range of 0.066 - 0.168 day~
compared to 0.039 - 0.137 day-! in Orius spp. (Table 7). Our
results are best fitted within these ranges. A 3.5 fold differ-
ence in GRR increased to 6.4 fold in Ry due to higher mortali-
ty in O. albidipennis. On the other hand, shorter generation
time in the latter led to a moderate difference in r,, values.
Considering the highly similar developmental time and pre-
oviposition periods of the two predators, the reason of de-
creased T is largely due to shorter oviposition period in O.
albidipennis. As a result, O. albidipennis can partially compen-
sate its lower fecundity by shortening generation time; how-
ever, this compensation is not sufficient to gain equal growth
rate (Table 3).

Both daily and life-time consumption of adult predators
exceeded those of the immatures (Table 4). Also in both
predators, females consumed more mites than males. This
may be due to body size and increasing demand of food to
meet developmental and reproductive requirements of the
mentioned stages. This is in complete agreement with
Ragkou et al. (2004). Daily prey consumption in different
species of Stethorus and Orius by feeding on different prey is
shown in Table 6. Both daily and life-time prey consumption
of S. gilvifrons were higher than O. albidipennis (Table 4); also,

consumption rate (CR) was higher in S. gilvifrons than O. al-
bidipennis (Table 5). However, due to longer developmental
time, first instar of O. albidipennis consumed more prey than
the S. gilvifrons. Final weight of biomass egg was 82.8% of
the ingested biomass in S. gilvifrons while it was 56% in O.
albidipennis (Figs 7a, 7b). Therefore, it seems that S. gilvifrons
females convert the consumed biomass to egg biomass more
efficiently.

As different predators are likely to be affected differently
by T. urticae webs, webbing of this mite is a major factor to
be taken into account. Our observations showed a relative
advantage of S. gilvifrons in foraging among webs compared
to O. albidipennis. This is certainly a part of an ability evolved
by the specialist predator for more effective utilization of its
specific prey. The role of spider mite webbing as a barrier
against generalist predators has been emphasized by other
researchers (Messelink et al. 2010).

Alternatively, O. albidipennis, that exhibited less but suit-
able efficacy in our experiments, may display more ad-
vantages in other circumstances. For example, Hulshof &
Linnamaki (2002) reported that mixed diets such as several
prey species, or a mixture of prey and non-prey food, not
only increase reproduction and survival, but also enhance
predation rates of generalist predators. A generalist predator
can successfully feed on miscellaneous prey species but not
all kinds of prey have the same quality for it. For example, in
our study, O. albidipennis was fed on T. urticae but other re-
searches show that nymphs of O. albidipennis develop faster
and survive further when supplied by Anaghasta kuehniella
eggs (Kiman & Yeargan 1985, Nagai et al. 1998, Yano et al.
2002, Sobhy et al. 2010). Paik et al. (2003) and Sobhy et al.
(2010) suggested that feeding on T. urticae, lengthens the de-
velopment of all instars of O. albidipennis. Our results show
that S. gilvifrons have higher efficacy than O. albidipennis.
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These results are obtained in laboratory; nonetheless, they
may be true in greenhouses as well. However, further exper-
iments are needed to be able to extend and apply these re-
sults within field conditions.

Conclusion

Results of present study showed that both S. gilvifrons and
O. albidipennis are promising biological control agents of T.
urticae and can be considered in biological control programs.
Stethorus gilvifrons was a superior predator in terms of popu-
lation growth parameters, predation rate and capacity of
conversion of prey biomass to predator progeny. These ad-
vantages, besides the ability of foraging among the mite
webs, make it a more appropriate candidate for inundative
release programs where a prompt decline is needed. In inoc-
ulation programs, O. albidipennis can successfully maintain
spider mites” populations under control. Control of this pest
by O. albidipennis can be improved by foreseeing alternative
food or release prior to spider mite colonization. Further as-
sessments are needed to determine the exact role of food
supplements both on nutrition indices like intake of nitro-
gen, other nutrients, ECI, etc. and via improving functional
response, food preference and other behavioral components.
This information can improve our understanding of release
time and number as well as optimization of mass rearing
techniques of S. gilvifrons and O. albidipennis for further use
against spider mites.
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