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Abstract

This study investigates the temperature-dependent development and life table parameters of the predatory bug Orius albidipennis
(Reuter, 1884) (Hemiptera: Anthocoridae) under three constant temperatures (20, 25, and 30°C). Using age—stage, two-sex life table
analysis with 15 replicates per temperature, we assessed stage-specific developmental rates, longevity, fecundity, fertility, and popu-
lation growth metrics. Developmental time decreased significantly with increasing temperature, with total nymphal duration ranging
from 18.05 days at 20°C to 9.62 days at 30°C. Optimal reproductive performance occurred at 25°C, where net reproductive rate
(R, = 49.4 female offspring/female), intrinsic rate of increase (= 0.131 day™'), and egg hatch (86.4%) peaked. Higher temperatures
(30°C) reduced fertility (74.9% hatch), fecundity (79.1 eggs/female), and female-biased sex ratios (0.41 vs. 0.51-0.52 at lower tem-
peratures). Critically, while r peaked at 30°C (0.145 day™), the 48% reduction in R indicates that rapid generation turnover cannot
compensate for reproductive failure under sustained heat stress. These findings provide methodologically rigorous parameters for
optimizing mass-rearing protocols and timing augmentative releases of O. albidipennis in Egyptian greenhouse systems targeting
thrips pests under current and future climate scenarios.
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Introduction

Orius albidipennis (Reuter, 1884) (Hemiptera, Anthoc-
oridae) preys on a diverse range of soft-bodied arthro-
pods, including thrips such as Thrips tabaci Lindeman,
1889 and Frankliniella occidentalis (Pergande, 1895),
whiteflies (Bemisia tabaci (Gennadius, 1889); eggs
and nymphs), spider mites (Zetranychus spp.), and lep-
idopteran eggs such as those of Spodoptera frugiperda
(J.E. Smith, 1797) (Sobhy et al. 2006). Both nymphs and
adults exhibit high predation capacity; nymphs consume
6.8-26.5 first-instar thrips daily depending on prey den-
sity, while adults achieve consumption rates of up to 33.2

nymphs/day (Tavella et al. 1996; Amer et al. 2021). This
polyphagy enables rearing on factitious prey (Ephestia
kuehniella Zeller, 1879 eggs) or pollen supplements, fa-
cilitating commercial mass production for augmentative
biological control programs (Cocuzza et al. 1997a).

As global temperatures rise, understanding tempera-
ture-driven developmental responses becomes critical
for optimizing mass-rearing protocols and predicting
field efficacy under climate change scenarios. In Medi-
terranean climates such as Egypt, where greenhouse cul-
tivation predominates for vegetable production, thermal
biology data enable precise release timing and habitat
manipulation to maximize predator establishment (Sobhy
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et al. 2006; Waite 2012; El Kenawy et al. 2021). Antho-
corid predators typically exhibit thermal optima between
24-28°C, where developmental rates accelerate, survival
peaks, and reproductive output maximizes (Cocuzza et
al. 1997b; Musolin et al. 2004; Tommasini 2004; Ballal
et al. 2017). Below lower developmental thresholds
(~12-15°C), prolonged immature stages increase mor-
tality risk from fungal epizootics and nutritional deficits,
while supraoptimal temperatures (>32°C) trigger repro-
ductive senescence, reduced fecundity, and sex ratio dis-
tortion (Isenhour and Yeargan 1981; Madadi et al. 2009;
De Oliveira et al. 2024). Stage-specific responses vary
markedly: eggs and early instars show narrower thermal
tolerances than late nymphs or adults, reflecting differ-
ential metabolic sensitivities and cuticular permeability
(Logan et al. 2006; Bahsi and Tung¢ 2008; Lundgren et al.
2009). Orius albidipennis can complete its development
and reproduce on Spodoptera frugiperda eggs, indicating
its potential as a biological control agent against fall ar-
myworm (Abd El-Rahman and Gaber 2023).

In Egypt, O. albidipennis demonstrates exception-
al promise against F. occidentalis and T. tabaci in on-
ion, tomato, and cucumber systems, consuming up to
15 first-instar thrips daily under peak conditions (Adly
2016; El-Kenawy et al. 2021). Temperature significant-
ly modulates these traits: developmental time decreases
from ~28 days at 20°C to 11 days at 30°C, with optimal
fecundity (76 eggs/female) and lowest nymphal mor-
tality (38%) at 25°C (El Arnaouty et al. 2018). Despite
O. albidipennis’s demonstrated efficacy in achieving 75—
85% thrips suppression during spring months (20-25°C)
in Egyptian greenhouses, field efficacy drops precipitous-
ly to <40% during summer heatwaves (>32°C mean dai-
ly temperature; El Arnaouty et al. 2018). This seasonal
collapse correlates with undocumented thermal thresh-
olds for reproductive failure in locally adapted Egyptian
strains. Critically, existing thermal biology studies for
O. albidipennis derive primarily from European or Asian
populations (Bonte et al. 2012; Hasanzadeh 2015), which
may exhibit different thermal optima than North African
strains subjected to intense selection pressure in Egypt’s
arid climate. Furthermore, no published study has quan-
tified instar-specific developmental durations with suffi-
cient replication (>15 cohorts) to parameterize stochastic
population models for greenhouse microclimate forecast-
ing, a critical gap for predicting establishment success
under climate change scenarios.

Recent studies confirm linear relationships between
temperature and developmental rates for O. albidipen-
nis, yielding lower thermal thresholds of 12.5-15.0°C
across instars and degree-day requirements averaging
2651 days per stage (Bonte et al. 2012). Functional
responses shift from Type II at 20-25°C to Type III at
30°C, with handling times dropping from 0.92 h (males)
to 0.28 h (females) as temperatures rise, enhancing pre-
dation efficiency against high-density thrips cohorts
(Rehman et al. 2020; El-Kenawy et al. 2021; Khamis
and Jabbar 2021). Reproductive parameters follow suit:

preoviposition shortens from 6-8 days at 15°C to 2-3
days at 30°C, while oviposition peaks (~12-15 days) and
total longevity decline above 28°C due to accelerated se-
nescence (Nagai and Yano 1999).

Life table analyses using age-stage, two-sex models
reveal peak intrinsic rates of increase ( = 0.20 day™") at
25-30°C for O. albidipennis, surpassing temperate Orius
species such as O. laevigatus (Fieber, 1860) (» = 0.105)
under identical regimes (Bonte et al. 2012; Helgadottir et
al. 2017; Ali et al. 2020). Egyptian field trials corroborate
laboratory optima, with 75-85% nymphal survival and
80-90% fertility on UV-killed E. kuehniella eggs at 25
+ 2°C (De Lima 2020). Yet critical gaps persist: (1) few
studies incorporate stage-specific mortality into age-spe-
cific survival (/) calculations per Chi’s methodology,
leading to inflated population growth estimates; (2) com-
prehensive stage-specific life tables across the 15-30°C
rearing range remain limited for Egyptian strains, hinder-
ing commercial production standardization (Parker 1981;
Ghoneim et al. 2021); and (3) the decoupling of  (intrin-
sic rate) and R (net reproductive rate) under heat stress
has not been quantified for [IPM decision-making.

This study aims to (1) quantify temperature-driven
stage-specific developmental patterns of an Egyptian
O. albidipennis strain across 20, 25, and 30°C using rig-
orous age-stage, two-sex life table methodology with 15
replicates per temperature; (2) identify thermal optima
for mass rearing by integrating mortality sources (egg
hatch failure, nymphal mortality, sex ratio bias) into pop-
ulation parameter calculations; and (3) resolve the R
paradox under heat stress to provide actionable guidance
for timing augmentative releases in Egyptian greenhouse
systems under current and future climate scenarios.

Material and methods

Life table parameter calculation

Fifteen independent replicates were established per tem-
perature using cohorts of 20 newly laid eggs (<24 h old)
collected over a 48-h period from colony females main-
tained at 25 + 1°C. Eggs were deposited on green bean
pods (Phaseolus vulgaris L., 7-10 cm length), which
were surface-sterilized (0.1% NaOCI for 30 s), rinsed
with distilled water, and placed individually in Petri
dishes (6 cm diameter) containing 1% agar overlaid with
moistened filter paper to maintain humidity during em-
bryogenesis.

Upon hatching (<6 h old), individual nymphs were
transferred to ventilated clip cages (5 % 3 cm) attached to
fresh green bean pods. Each cage received a daily provi-
sion of first-instar 7. tabaci at densities adjusted to com-
pensate for temperature-dependent metabolic demands
of O. albidipennis. Prey was replenished daily between
09:00 and 10:00 h; unconsumed thrips and exuviae were
removed and counted under a stereomicroscope to quan-
tify daily consumption rates. Cages were examined twice
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daily (08:00 and 16:00 h) for molting events (identified
by the presence of head capsule exuviae), mortality,
and developmental progression. Nymphal instars (N1—
N5) were distinguished by morphological criteria: body
length, antennal segment number, wing pad development,
and presence of exuviae.

Upon adult emergence, individuals were sexed with-
in 6 h using diagnostic characters: females possess four
antennal segments and a pointed abdominal tip with a
visible ovipositor, whereas males have three antennal
segments and a rounded abdominal terminus (Hu et al.
2024). Males were maintained individually in clip cages.
Females were paired with a single virgin male (12:18
ratio) in fresh clip cages with a standardized diet and ovi-
position substrate. Males were replaced every 7 days to
prevent sperm depletion effects on fecundity. Dead adults
were removed daily, and sex was verified post-mortem.

Age-stage two-sex life table construction

All life table parameters were calculated using the age-
stage, two-sex life table approach (Hu et al. 2024) im-
plemented in TWOSEX-MSChart software. This meth-
odology explicitly incorporates stage differentiation and
accounts for variable developmental rates among indi-
viduals, providing more accurate population parameter
estimates than traditional female age-specific life tables.
Age-specific survival (/) was calculated as the proportion
of original eggs surviving to each age-stage combination
(X, j), thereby integrating all sources of pre-adult mortal-
ity: egg hatch failure (13.6-25.1%), nymphal mortality
(7.5-17.5%), and sex ratio bias (female proportion 0.41—
0.52). Consequently, / declined progressively from the
egg stage through adulthood based on observed cohort
survival trajectories rather than assuming 100% survival
during development. All reported parameters represent
production of reproductive females only.
For each cohort, we recorded:

Los: age-stage-specific survival rate (proportion of
eggs surviving to age x and stage ;).

2. ij: age-stage-specific fecundity (number of eggs
produced by an individual of age x and stage j).

3. [ : age-specific survival rate of females (summed
across all stages at age x).

4. m : age-specific fecundity (mean number of female
offspring produced per female of age x).

Key population parameters were calculated as follows:
Net reproductive rate (R):

Ro = i lzmm
z=0

representing the mean number of female offspring pro-
duced by a female over her lifetime.
Mean generation time (7):

T— lnRg.
T

The average time elapsed between the birth of a female
and the birth of her female offspring.

Intrinsic rate of increase (r): Solved iteratively using
the Euler—Lotka equation:

o0

Z 6_T(z+1)lzmw -1

=0
with 7 estimated to four decimal places using the New-
ton-Raphson method.
Finite rate of increase (1):

r=c¢"

representing the multiplicative rate of population growth

per day.
Population doubling time (D7):
In2
DT = 22
T

Statistical analysis

Data normality was assessed using the Shapiro—Wilk test,
and homogeneity of variances was assessed using Lev-
ene’s test. Percentage data (fertility and survival rates) were
arcsine square-root transformed prior to analysis to satisfy
parametric test assumptions. One-way ANOVA was used
to evaluate temperature effects on: (1) developmental du-
rations of individual nymphal instars and total nymphal
development; (2) adult longevity and reproductive param-
eters; (3) fecundity, fertility, and sex ratio; and (4) life table
parameters (R, 7, r, h, DT). When ANOVA revealed signifi-
cant effects (P < 0.05), means were separated using Tukey’s
honestly significant difference (HSD) test. Life table pa-
rameters were compared using bootstrapping with 100,000
resamples to generate standard errors and 95% confidence
intervals, as recommended for age-stage, two-sex life tables
(Chi 2020). All analyses were conducted using SigmaPlot
v15.0 (Systat Software, Inc. (2026), San Jose, CA, USA).
Exact P-values are reported in tables where space permits;
otherwise, P <0.05, P<0.01, or P <0.001 notation is used.

Results

Effect of temperature on nymphal development

Data indicated that temperature had a strongly significant
effect on O. albidipennis development (£,,135 = 3010.29,
P <0.001), nymphal instars (F,,135 = 410.57, P < 0.001),
and their interaction (£,135 = 18.86, P <0.001), indicating
that the effect of temperature on developmental duration
varied among instars. Across all nymphal instars, devel-
opmental duration decreased significantly with increasing
temperature (Table 1). At 20°C, the nymphal development
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Table 1. Estimated mean duration (days + SE) of O. albidipennis instars (N) reared under laboratory conditions at different tem-

peratures.
Nymphal instars (days) Total nymphal
Temp. (°C .
emp- (°C) N1 N2 N3 N4 N5 duration
20°C 3.50+0.08 « 2.95+0.14 3.10+0.12 «¢ 4.06 +0.09 «° 4.44+0.17 18.05+0.35
25°C 2.19+0.07 2.03+0.12 % 2.08 +0.07 *¢ 2.47+0.09 3.16 £ 0.09 *£ 11.92+0.23
30°C 1.81+0.04 < 1.59 +0.05 * 1.65+0.03 < 2.03+0.07 ¢ 2.53+0.07 ° 9.62+0.14

Means followed by different uppercase letters within a column indicate significant differences among stages at the same temperature (Tukey’s HSD

test, P < 0.05).

Means followed by different lowercase letters indicate comparisons of the same instar across different temperatures (Tukey’s HSD test, P < 0.05).

of O. albidipennis was prolonged across all five instars.
Nymphal development was significantly influenced by
temperature. Development proceeded more slowly at 20°C,
where the longest cumulative nymphal duration was record-
ed. Increasing the temperature to 25°C significantly reduced
the duration of all instars, resulting in a marked decline in
total developmental time. The shortest instar durations and
the fastest overall development were observed at 30°C,
confirming a strong temperature-dependent acceleration
of nymphal growth. Significant differences among instars
were detected at each tested temperature level (P < 0.05).

Significant differences among instars were again con-
firmed (P < 0.05). The total nymphal duration at 30°C
was reduced to 9.62 £ 0.14 days, indicating that elevated
temperature markedly accelerates nymphal development
in O. albidipennis.

Effect of temperature on adult longevity and
reproductive performance

Adult longevity and reproductive traits were significantly
influenced by temperature (P < 0.05; Table 2). At 20°C,
female longevity was highest at 33.4 + 0.80 days, with a
preoviposition period of 3.1 £ 0.05 days, an oviposition
period of 24.0 = 0.5 days, and a postoviposition period of
6.3 + 0.2 days; fecundity reached 97.2 + 2.1 eggs per fe-
male, and fertility was 78.5 + 2.1 hatched eggs. At 25°C,
longevity declined to 29.3 = 0.4 days, while reproductive
performance improved, as preoviposition shortened to

2.1 +£0.05 days, oviposition averaged 22.0 + 0.5 days, fe-
cundity peaked at 114.3 £ 2.5 eggs per female, and fertili-
ty increased to 95.2 + 2.5 hatched eggs (86.4% hatch). At
30°C, longevity and reproductive output decreased fur-
ther; adult longevity reached 21.5 + 0.6 days, preoviposi-
tion shortened to 1.6 + 0.05 days, oviposition declined to
15.6 £ 0.5 days, fecundity dropped to 79.1 = 2.1 eggs per
female, and fertility decreased to 61.5 = 2.1 hatched eggs
(74.9% hatch).

Sex ratio and reproductive parameters

Temperature significantly affected sex ratio, incubation pe-
riod, and egg hatching percentage (P < 0.05) (Tables 3, 4).
At 20°C, the sex ratio was balanced with a female propor-
tion of 0.52 £ 0.02. Egg—adult development lasted 23.92
+ 0.19 days for males and 24.57 + 0.17 days for females.
The incubation period was 3.94 + 0.04 days, and egg
hatching reached 81.9 + 1.0%. At 25°C, the female pro-
portion remained stable at 0.51 £ 0.02. Development ac-
celerated to 18.08 + 0.13 days for males and 18.68 +0.13
days for females. The incubation period shortened to 3.04
+ 0.05 days, and hatching increased to 86.4 = 0.8%, the
highest value recorded (P < 0.05). At 30°C, the sex ratio
shifted toward males with a female proportion of 0.41 +
0.02 (P < 0.05 vs. 20-25°C). Development was fastest at
14.54 + 0.14 days for males and 15.04 + 0.14 days for fe-
males. The incubation period declined to 2.24 + 0.06 days,
while egg hatching decreased to 74.9 + 1.3% (P < 0.05).

Table 2. Reproductive traits of O. albidipennis reared under laboratory conditions at different temperatures.

Temp. (°C) Longevity (days) Pre-(();g;(;;mon Oviposition (days) Post-z)(;:[))];))sltlon Fecufl:li;;}; e()eggs/ Fel‘tlll?é élsn)atched
20(°C) 33.4+0.80° 3.1+0.05® 240+0.5% 63+0.2° 97.2+2.1° 78.5+2.1°
25(°C) 293+04° 2.1+0.05° 220+0.5° 52+0.1° 1143+25¢% 952+25¢%
30(°C) 21.5+0.6¢ 1.6 £0.05°¢ 15.6+0.5¢ 434+0.1°¢ 79.1+£2.1°¢ 61.5+2.1¢

Means followed by different letters within a column are significantly different (Tukey’s HSD test, P < 0.05).

Table 3. Sex ratio, total developmental time, and incubation period of Orius albidipennis at different temperatures.

Temp. (°C) Sex ratio (9/total) Egg-adult (J) (days) Egg-adult (?) (days) Incubation period (days)
20°C 0.52+0.02 ¢ 23.92+0.19¢ 24.57+0.17¢ 3.94+0.04¢
25°C 0.51+0.02¢ 18.08+0.13 7 18.68 £0.13 7 3.04+£0.05"
30°C 0.41+£0.02° 1454 +£0.14¢ 15.04+£0.14¢ 2.24+0.06¢

Means within a column followed by different letters are significantly different according to Tukey’s HSD test (P < 0.05).
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Table 4. Life-table attributes of Orius albidipennis at different
temperatures.

Parameter 20°C 25°C 30°C
Total egg — adult 383+2.1% 40.8+2.3% 253+1.9%
female survival
Egg hatch (%) 81.9+1.0 86.4+0.8 749+13
Nymphal survival 90.0+2.3 92.5+2.1 82.5+28
(%)

Female proportion 0.52+0.02 0.51+0.02 0.41+0.02
R, (net 40.7+3.2 494+3.8 25.6+2.7
reproductive rate

T (mean generation 38.1+23 29.8+ 1.7 223+15
time, days)

R (intrinsic rate, 0.097 £0.0052 0.131+0.0068 0.145 +0.0085
day™)

A (finite rate, day™) 1.102+0.006 1.140+0.008 1.156 +0.009
Dt (doubling time, 7.13+£0.38 5.30+0.29 4.77+0.27
days)

Life table parameters

All life table parameters were calculated using Chi’s
age-stage, two-sex methodology, with / incorporating
stage-specific mortality (Table 4). Total egg-to-adult
female survival differed significantly among tem-
peratures (£,,27 = 14.83, P < 0.001), peaking at 25°C
(40.8 + 2.3%), where 86.4% of eggs hatched, 92.5%
of nymphs completed development, and the sex ratio
remained balanced (0.51 females). Survival at 20°C
reached 38.3 = 2.1%, while at 30°C it declined mark-
edly to 25.3 + 1.9% due to reduced egg hatch (74.9%),
elevated nymphal mortality (17.5%), and a male-bi-
ased sex ratio (0.41 females; P < 0.05 for all pairwise
comparisons).

Net reproductive rate (R)) varied significantly with
temperature (£,,27 = 22.16, P < 0.001). The highest R,
occurred at 25°C (49.4 + 3.8 female offspring/female),
driven by peak fecundity (114.3 eggs/female), optimal
hatch rate (86.4%), and balanced sex allocation. At 20°C,
R, decreased to 40.7 + 3.2 female offspring/female due to
extended development and reduced fecundity. The lowest
R, was recorded at 30°C (25.6 + 2.7 female offspring/
female), reflecting substantial reductions in both fecun-
dity (79.1 eggs/female) and egg viability (74.9% hatch)
despite accelerated development (P < 0.05 for all tem-
perature comparisons).

Mean generation time (7) decreased progressively
with rising temperature (£,,27 = 38.94, P < 0.001): 38.1
+ 2.3 days at 20°C, 29.8 £ 1.7 days at 25°C, and 22.3 +
1.5 days at 30°C (P < 0.05 for all pairwise comparisons).

The intrinsic rate of increase (r) exhibited a nonlinear
thermal response (F,,27 = 24.37, P < 0.001). Maximum
r occurred at 30°C (0.145 £ 0.008 day!), reflecting the
shortest generation time despite reduced R At 25°C,
r reached 0.131 £+ 0.007 day ', representing the optimal
balance between developmental rate and reproductive
output. The lowest » was observed at 20°C (0.097 + 0.005
day'; P <0.05 for all comparisons).

The finite rate of increase (A = ¢") followed the same
thermal pattern (F,,27 = 23.89, P <0.001): 1.102 + 0.006
day™' at 20°C, 1.140 = 0.008 day ' at 25°C, and 1.156 +
0.009 day ' at 30°C. Consequently, population doubling
time (DT = In2/r) decreased with temperature: 7.13 + 0.38
days at 20°C, 5.30 £ 0.29 days at 25°C, and 4.77 £ 0.27
days at 30°C (P < 0.05 for all comparisons). Critically,
while DT was shortest at 30°C, the substantially reduced
R, (25.6 vs. 49.4 at 25°C) indicates limited long-term
population growth potential under sustained high-tem-
perature conditions despite rapid initial multiplication.

Discussion

Temperature exerted profound effects on the develop-
mental biology and population dynamics of Orius al-
bidipennis, with 25°C emerging as the unequivocal ther-
mal optimum for mass-rearing applications in Egyptian
greenhouse systems. Our life table analysis, rigorously
implementing Chi’s age-stage, two-sex methodology
(Chi 1988, 2020) with /_incorporating all sources of pre-
adult mortality—reveals that ignoring stage-specific mor-
tality (egg hatch failure: 13.6-25.1%; nymphal mortality:
7.5-17.5%; sex ratio bias: female proportion 0.41-0.52)
would artificially inflate R estimates by 11-24%. This
methodological rigor is critical for predictive accuracy
in field establishment scenarios; a mass-rearing facility
operating at 30°C that erroneously assumed 100% sur-
vival during development would project 29.7 offspring/
female but produce only 25.6 reproductive females—a
14% underestimation of required founder populations for
successful field releases.

Nymphal development accelerated nonlinearly with
temperature, decreasing from 18.05 &+ 0.35 days at 20°C
t0 9.62 + 0.14 days at 30°C—a 47% reduction. This ther-
mal sensitivity exceeded predictions from prior studies
(Gitonga et al. 2002; Hasanzadeh 2015), likely reflect-
ing our precise instar-specific measurements using daily
exuviae tracking rather than periodic observations. De-
velopmental time decreased consistently with increasing
temperature across all nymphal instars.

All instars responded to warming, but the magnitude
of reduction differed slightly among stages. N1 decreased
from 3.50 to 1.81 days, representing a 48.3% reduction
across 20-30°C. N5 declined from 4.44 to 2.53 days,
corresponding to a 43.0% reduction. Intermediate instars
showed comparable patterns, with N4 decreasing from
4.06 to 2.03 days (50.0% reduction). These results indi-
cate strong thermal sensitivity throughout development
rather than a disproportionate response restricted to later
instars. The acceleration of N4—N5 at higher temperatures
likely reflects increased metabolic rate and faster tissue
growth under warming conditions, contributing substan-
tially to the overall shortening of total nymphal duration
(El-Kenawy et al. 2021), suggesting thermal manipula-
tion during late nymphal stages could optimize pest sup-
pression during vulnerable crop phenological windows.
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Female fecundity peaked at 25°C (114.3 + 2.5 eggs/fe-
male) with optimal egg hatch (86.4 = 0.8%), yielding the
highest net reproductive rate (R, = 49.4 & 3.8 female off-
spring/female). This optimum reflects balanced physiolog-
ical processes: sufficient metabolic rate for vitellogenesis
without thermal stress on oogenesis or chorion formation.
At 30°C, despite accelerated development (egg—adult=15.0
days) and an elevated intrinsic rate (» = 0.145 day™'), repro-
ductive output collapsed (R, = 25.6)—a 48% decline from
25°C—due to synergistic effects of reduced fecundity (79.1
eggs), impaired egg viability (74.9% hatch), and a male-bi-
ased sex ratio (0.41 females). This decoupling of 7 and R,
reveals a critical limitation with profound IPM implications:
short generation times at supra-optimal temperatures cannot
compensate for reproductive failure in sustaining populations
long-term. While O. albidipennis may achieve rapid initial
population growth during heatwaves (high » = 0.145 day "),
sustained efficacy requires temperatures <28°C to maintain
reproductive output (high R = 49.4). Population models pri-
oritizing 7 alone would dangerously overestimate field per-
sistence during Egyptian summer conditions (Kahya 2023).

Temperature strongly affects the predatory performance
of Orius similis Zheng, 1982 against Bemisia tabaci, with
a Type II functional response across 19-31°C and peak ef-
ficiency at 28°C, where attack rate is highest and handling
time is shortest. For optimal field control, O. similis should
be released at 25-28°C, targeting early nymph stages
while carefully managing predator density to reduce in-
terference and maximize biocontrol efficacy (Zhang et al.
2024). Our study’s restriction to three constant tempera-
tures precludes precise estimation of lower developmental
thresholds (LDT) and optimal thermal ranges using non-
linear models (Sharpe and DeMichele 1977). Degree-day
models require >5 temperature points spanning the full
developmental range; future work should test 15, 20, 25,
28, and 32°C to calculate instar-specific LDTs and ther-
mal constants. Furthermore, constant-temperature regimes
poorly represent greenhouse microclimates where diurnal
fluctuations of £5°C occur daily. Fluctuating temperatures
often enhance fitness relative to constant means through
thermal summation effects and recovery periods during
cooler phases (Kingsolver et al. 2015), potentially ele-
vating the true thermal optimum above 25°C. Critically,
we measured life history parameters without concurrent
predation assays; functional response data at each tem-
perature would reveal whether accelerated development at
30°C translates to enhanced pest suppression despite re-
duced fecundity—a key question for [IPM implementation.

For commercial mass-rearing facilities targeting Egyp-
tian greenhouse operations, maintaining 25 = 1°C max-
imizes production efficiency, with 49.4 reproductive fe-
males produced per founder female and ~12 generations
annually. Operations at 30°C require 92% more founder
females to achieve equivalent output due to the 48% re-
duction in R, (25.6 vs. 49.4), rendering this temperature
economically nonviable despite faster generation turnover
(22.3 vs. 29.8 days). For field release timing, augmentative
releases should target periods when 14-day mean green-

house temperatures remain within 23-27°C to permit >2
complete generations before heat stress impairs reproduc-
tion. During summer months, when temperatures exceed
30°C for >5 consecutive days, supplemental evaporative
cooling or 50% shade cloth deployment becomes essen-
tial to maintain predator efficacy against 7. fabaci and F.
occidentalis. Under climate change projections for Egypt
(+2.5°C by 2050), greenhouse operators should prioritize
installation of passive cooling systems to maintain thermal
refugia for O. albidipennis during peak summer months.

Conclusion

Orius albidipennis exhibits optimal population growth
at 25°C when mortality is properly incorporated into
life table analysis using Chi’s age-stage, two-sex meth-
odology. While development accelerates at 30°C (total
nymphal duration = 9.62 days vs. 18.05 days at 20°C),
reproductive collapse, evidenced by a 48% reduction in
R, (25.6 vs. 49.4 female offspring/female), a 31% decline
in fecundity (79.1 vs. 114.3 eggs/female), and a male-bi-
ased sex ratio (0.41 females), severely limits long-term
population sustainability despite an elevated intrinsic rate
(r = 0.145 day™). Critically, the decoupling of 7 and R,
under heat stress reveals that rapid generation turnover
cannot compensate for reproductive failure in sustaining
populations, a finding with profound implications for cli-
mate-resilient biological control.

For Egyptian greenhouse operations, these findings
provide actionable guidance: (1) mass-rearing facilities
should maintain 25 £+ 1°C to maximize female produc-
tion efficiency (49.4 offspring/female) with a manageable
generation time (29.8 days), enabling ~12 generations
annually; (2) augmentative releases should target periods
when 14-day mean temperatures remain within 23-27°C
to ensure >2 complete generations establish before heat
stress impairs reproduction; and (3) during summer
months (>30°C), supplemental cooling or 50% shade
cloth deployment is essential to maintain predator effica-
cy. Future research should integrate fluctuating tempera-
ture regimes with functional response assays to bridge the
gap between laboratory life tables and field efficacy pre-
dictions under realistic greenhouse microclimates.
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