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ABSTRACT
Received: The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), is a major
14 September, 2025 agricultural pest, and the predatory mite Phyfoseiulus persimilis Athias-Henriot is one of its most
Accepted: effective natural enemies. Since temperature strongly influences predator biology, in the
29 December, 2025 present study, the effects of five constant temperatures (21, 23, 25, 27, and 29 °C) on the
Published: development, survival, and reproduction of P. persimilis using age-stage and two-sex life table
15 April, 2026 analysis were evaluated. Developmental time decreased with increasing temperature, while
Subject Editor: reproductive onset occurred eatlier at warmer conditions. Maximum fecundity, net reproduc-
A. Farazmand tive rate (Ro = 14.62), and intrinsic rate of increase (r = 0.35) were recorded at 25-27 °C,

indicating an optimal range for population growth. However, adult longevity and reproduc-
tive performance sharply declined at 29 °C, suggesting heat stress limitations. These results
confirmed that P. persimilis exhibits peak biological performance at moderate temperatures
(24-27 °C), reinforcing its suitability as a biocontrol agent under controlled environments
but highlighting reduced efficiency under extreme heat. The findings provided practical
insights for optimizing mass rearing and field release strategies within integrated pest
management programs.
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INTRODUCTION

The two-spotted spider mite (Tetranychus urticae Koch) is among the most destructive agricultural
pests, infesting over 1,100 plant species including vegetables, fruits, ornamentals, and field crops
worldwide. Its short developmental time, high fecundity, and remarkable ability to evolve resistance to a
wide range of acaricides render chemical control both costly and often unsustainable (Bolland ez a/. 1998;
Van Leeuwen e al. 2010; Grbi¢ ez al. 2011). Consequently, biological control has become an essential
component of integrated pest management (IPM), with predatory mites playing a central role in
suppressing spider mite populations. Among the phytoseiids, Phytoseinlus persimilis Athias-Henriotis
recognized as one of the most effective natural enemies of T. wrticae. This specialist predator has been
mass-reared and commercially released for decades and is particularly successful in protected cultivation
systems such as greenhouses (McMurtry ef a/ 2013). Its high intrinsic rate of increase, rapid
developmental cycle, and voracious predation capacity make it a cornerstone of spider mite management
strategies (Laing 1968; Kazak ef a/. 1989; Mohamed and Omar 2011). However, the performance of P.
persimilis is strongly shaped by environmental conditions, especially temperature, due to its poikilothermic
physiology. Many experiments have shown that temperature influences the survival, developmental rate,
longevity, oviposition, and predation efficiency of predatory mites, thereby determining their effective-
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ness as a biological control agents (Gotoh and Gomi 2003; Gotoh e7 a/. 2004; Kazak 2008; Ganjisaffar ez
al. 2011; Jafari et al. 2012; Farazmand ez al. 2020). Because poikilothermic physiology links metabolic rate
to ambient temperature, even small changes in temperature can alter predator-prey interactions and,
under extreme conditions, biological control may fail (Skirvin and Fenlon 2003; Walzer and Schausberger
2011). For instance, developmental time is shortened at moderately elevated temperatures, whereas
extreme heat can significantly reduce fecundity and increase mortality (Skirvin and Fenlon 2003).
Similarly, predation rates have been shown to peak under optimal thermal regimes but decline under both
lower and higher extremes (Rojas ez a/. 2013; Bayoumy ez a/. 2022). Life table studies provide deeper
insights into how temperature regulates the population growth potential of P. persimilis. Parameters such
as the net reproductive rate (Ry), intrinsic rate of increase (7), mean generation time (7), and finite rate of
increase (A) have all been shown to vary significantly with temperature (Laing 1968; Gotoh and Gomi
2003; Nawar e al. 2014). Optimal ranges (generally 20—30 °C) maximize reproductive output and
population growth, while exposure to suboptimal or stressful temperatures leads to reduced longevity,
lower fecundity, and suppressed population expansion (Kazak 2008; Papanikolaou e 2/ 2016). Recent
studies also indicate that short-term heat stress can disrupt these life table parameters, leading to sharp
declines in survival and fertility, which have critical implications under climate change scenarios (Pakyari
and Zemek 2025). Given the central role of temperature in regulating the predator-prey dynamics
between P. persimilis and T. urticae, understanding its effects on life history and demographic parameters
is crucial for optimizing biological control programs. Even small deviations from the optimal thermal
range can tip the balance between successful suppression of T. urticae populations and biological control
failure (Walzer and Schausberger 2011; Colinet e a/. 2015; Paaijmans e# a/. 2015). With the added challenge
of climate change, which brings increasingly frequent heat stress events, a clear understanding of the
thermal limits and optimal range of predatory mites is becoming crucial (Colinet e/ a/. 2015; Paaijmans ez
al. 2015). Because the efficiency of predator is greatly affected by temperature, this study aims to
quantitatively assess the temperature-dependent life table traits of P. persimilis to support effective
biocontrol strategy optimization to guide optimal rearing and application strategies. Therefore, in this
study the effects of five constant temperatures (21, 23, 25, 27, and 29 °C) on developmental rate, survival
and life table parameters of P. persimilis using the two-sex life table method were investigated.

MATERIAL AND METHODS

Mite culture

Initial colonies of T. urticae were obtained from greenhouses in Yazd city, Iran. Initial colony of
predatory mite was obtained from the Batab Desert Biomonitoring Company (Zipa Insectarium). Two-
spotted spider mites were reared on potted cucumber plants containing a mixture of cocopeat and petlite.
The predatory mite was maintained on leaf discs of cucumber plants, containing eggs of T. urticae as food.
These leaf discs were placed on wet cotton in 9 cm diameter Petri dishes and kept at 25 + 2 °C, 161.:8D
photoperiod and 60 + 5% RH. Whenever necessary, the leaves were replaced and mites were transferred
to fresh leaves with T. urticae eggs. Predatory mites were reared for three generations before being used
in the experiments.

Experimental units

A cucumber leaf disk (3 cm diameter) with eggs of T. #rticae was placed upside down at the center
of saturated cotton in a Petri dish (9 cm diameter). The leaf disk borders were surrounded with moistened
cotton strips as barriers, to provide water for the predatory mites and prevent them from escaping
(Rafizadeh Afshar and Latifi 2016). One young (1-2 day old), mated female predatory mite was placed
on each leaf disk using a size 4 fine brush. The female mites were given eight hours to lay eggs at the
desired temperatures (21, 23, 25, 27, and 29 °C) and 75 * 5% RH. After this period, the female mites
and all eggs except one were removed from each leaf disk. Then the Petri dishes were transferred to
controlled conditions (climate chamber) of 21, 23, 25, 27, and 29 °C, 75 + 5% RH, and a 161.:8D h
photoperiod. They were observed every 12 hours until the eggs hatched. After the larvae emerged,
sufficient amounts of T. urticae eggs (10-50 eggs at 21 and 23 °C, 20-100 eggs at 25, 27 and 29 °C) was
added to each leaf disk, daily for feeding. Based on preliminary experiments. The duration of the
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immature stages including egg, larva, protonymph and deutonymph were separately determined at five
temperatures, every 12 hours. Upon reaching adulthood, a male mite was added to each disk for mating.
If needed, adult males were transferred from the stock colony. The number of eggs laid by each female
was recorded daily. Then these eggs were moved to separate containers under the same environmental
conditions and monitored until hatching and sex determination. All individuals were observed until they
died. Each treatment was replicated 50 times.

Data analysis

The data obtained from the rearing of the predatory mites P. persimilis at different temperatures
were analyzed using demographic parameters such as population growth, life table, and reproductive
parameters with the TWOSEX-MSChart software (Chi 2020). The standard errors and variances of
biological characteristics and population parameters were evaluated using the bootstrap resampling
approach with 100,000 replications. Means were compared by using the paired bootstrap test at 5%
significance level.

RESULTS

The biological performance of P. persimilis was significantly influenced by temperature; the
significant effects were observed on developmental time, survival, reproduction and life table parameters.
The age-specific survival rate (4), age-specific fecundity (), age-specific maternity (A7), and female age-
stage-specific fecundity (£) of P. persinzilis at five constant temperatures are shown in Figure 1.
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Figure 1. Age-specific survival rates (4), fecundities (), maternities (4#z.), and age-stage-specific fecundities (1) of Phytoseinlus
persimilis at five constant temperatures.
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At lower temperatures, oviposition begins later, whereas with increasing temperature, oviposition
starts significantly eatlier, starting on days 20, 12, 9, 5, and 5 at 21, 23, 25, 27 and 29 °C, respectively. The
corresponding peak oviposition occurred on days 21, 14, 9, 6, and 5, respectively. This pattern reflects
the well-documented acceleration of development and reproductive onset under warmer conditions. The
synchronization of f, ., and /lsm., with overlapping peaks, indicates that survival, fecundity, and
maternity are closely linked. The highest values of f. were 3.8, 4.18, 8.08, 6.6, and 7 offspring, while 7
values were 2.71, 2.91, 5.64, 4.61, and 3.79 offspring, and Asz. values were 2.38, 2.39, 4.65, 3.8, and 1.89
offspring at 21, 23, 25, 27, and 29°C, respectively.

Age-specific survival (4) was 100% until days 13, 5, 4, 2, and 1 at 21, 23, 25, 27, and 29 °C,
respectively, then gradually declined to near zero at 30, 24, 19, 18, and 16 days.

The age-stage-specific survival rate (§) of the different stages are presented in Figure 2. The graphs
illustrated the survival rate of different life stages of predatory mites (eggs, larvae, protonymphs,
deutonymphs, females, and males), providing insight into how temperature influences their life cycle. The
age-stage specific survival rate (§,) is the probability that a new born will survive to age x and stage 7 (Chi
and Liu 1985). Overlaps were observed between different developmental stages across temperatures, a
pattern also reported by Pakyari and Zemek (2025), who showed substantial stage ovetlaps in P. persimilis
under short-term heat stress. The highest female survival rates were 0.625, 0.571, 0.575, 0.575, 0.357 on
days 19-25, 12-21, 8-17, 6—14, 4-14 while the highest male survival rates were 0.25, 0.25, 0.25, 0.22,
0.14 on days 19-26, 11-20, 7-16, 5-14, 4-11 in 21, 23, 25, 27 and 29 °C respectively. The survival rate
of female and male gradually decreased with increasing temperature but remained relatively constant at
intermediate temperatures. In these conditions, mites required approximately 17, 10, 7, 4 and 4 days to
complete the egg, larva, protonymph and deutonymph stages before adulthood.
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Figure 2. The age-stage-specific survival rates (5., of Phyfoseiulus persimilis at five constant temperatures.
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Mean developmental time, adult preoviposition period (APOP) and total preoviposition period
(TPOP) of P. persimilis at five constant temperatures are presented in Table 1. The duration of immature
stages decreased with increasing temperature. At 21 °C, mite development required 17 days, whereas at
23, 25,27, and 29 °C, it required approximately 10, 7, 4, and 4 days, respectively.

2026 PERSIAN JOURNAL OF ACAROLOGY

Table 1. Means (+ SE) comparison of the developmental time, adult preoviposition period (APOP) and total preoviposition
period (TPOP) of Phytoseinlus persimilis at five constant temperatures.

Temperature

Developmental stages

21°C 23°C 25°C 27°C 29 °C
Egg (days) 6.12 % 0.09a 3.25 4 0.08b 2.00 £ 0.00c 1.18 £ 0.38d 1.00 £ 0.00d
Larva (days) 3.12£0.69a 2.25£0.08b 1.02 + 0.02¢ 1.00 £ 0.00c 1.00 £ 0.00c
Protonymph (days) 429 £0.13a 2.16£0.07b 2+ 0c 1.06 + 0.04d 1.00 £ 0.00d
Deutonymph (days) 429 +0.13a 3.00 = 0.00b 2.00 = 0.00c 1.09 + 0.09d 1.00 % 0.00d
Male (days) 875+ 025c  10.86 £ 0.34b 11.7 +0.33a 12.33 £ 0.29a 10.351 + 01.35b
Female (days) 9.8+ 0.39b 11.94£0.192  11.43£0.12a 12.04 +0.77a 11.51 £ 0.27a
Total developmental 26+1.18a 19 £ 71.07b 16.35 £ 0.76¢ 13.97 £ 0.8d 08.96 = 1.2¢
time (days)
APOP (days) 3.00 = 0.00a 231 +0.11a 2.00 + 0.00a 1.00 % 0.00b 1.00 % 0.00b
TPOP (days) 21.1£026a  12.93+0.22b 9.04 £ 0.04c 534+0.11d 5.00 = 0.00e

Means followed by the different letters in each row are significantly different (Paired bootstrap test, P < 0.05).

Population parameters of P. persimilis at five constant temperatures are shown in Table 2. Analysis
of life table parameters showed that intrinsic rate of increase (7), finite rate of increase (1), net reproductive
rate (Ro), and gross reproductive rate (GRR) increased with rising temperature up to 27 °C, then declined
at 29 °C. The highest  (0.35) and 1 (1.43) were observed at 27 °C, while the highest Ry (14.62) and GRR
(17.73) were recorded at 25 °C, without significant difference from 27 °C. The mean generation time (7)
decreased significantly with increasing temperature. Our analysis of intrinsic and finite rates of increase
(rand 1) and life table parameters further confirmed that population growth was optimal between 25 and
27 °C. The sharp decline in rand Ry at 29 °C confirmed that this upper threshold is unsuitable for long-
term population maintenance, although the species performed well within 25-27 °C, its efficiency
declined rapidly under thermal stress, limiting its use in hotter environments (Walzer and Schausberger
2011; Colinet et al. 2015; Papanikolaou e al. 2016).

Table 2. Mean (+ SE) comparison of population parameters of Phytoseinlus persimilis at five constant temperatures.

. Temperature
Population parameters
21°C 23 °C 25°C 27°C 29 °C

r(d™ 0.09 £ 0.00d 0.15£0.01c 0.24 £ 0.01b 0.35 £ 0.02a 0.27 £ 0.04b
A@d™ 1.09 £ 0.01c 1.16 £ 0.01c 1.27 £0.01b 1.43+0.02a 1.31 £0.05b
Ry (offspring/individual) 8.18 + 1.69b 9.57 £ 1.58b 14.62 + 2.00a 14.01 £1.93a 6.78 £ 1.74c
GRR (offspring) 9.39 £1.66bc  11.65+1.63bc ~ 17.73 £2.06a 17.24£1.99a  13.57 £ 2.43ab
T (day) 23.07 £0.3a 14.99 £ 0.25b 11.15 + 0.04¢ 7.39£0.11d 7.01 £0.07d

R = Intrinsic rate of increase; A = Finite rate of increase; Ro = Net reproductive rate; GRR = Gross reproductive rate; T =
Mean generation time.
Means followed by the different letters in each row are significantly different (Paired bootstrap test, P < 0.05).

DISCUSSION

This study indicates that temperature strongly influences life history, development, survival, and
reproduction of P. persimilis, consistent with its poikilothermic physiology. The results of this study clearly
align with the well-established thermal tolerance pattern of P. persinilis. The significant decline in
population growth rate, survival, and fecundity at 29 °C is fully consistent with previous findings
indicating that this species possesses a narrow thermal window with optimal performance around 24-27
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°C (Gotoh and Gomi 2003; Walzer and Schausberger 2011). Numerous earlier studies have shown that
exposure to higher temperatures leads to reduced egg size, increased juvenile mortality, and shortened
adult longevity—an exact pattern that is also evident in our results. Moreover, the accelerated
development and earlier sexual maturity observed at 25-27 °C in our study closely correspond with
physiological models of thermal tolerance in highly specialized predators. Species such as P. persimilis
typically exhibit lower adaptive capacity to elevated temperatures compared with generalist predators
such as Neoseinlus californicns (McGregor). Overall, this connection between our findings and previous
studies highlights that even small but sustained increases in temperature can rapidly disrupt the balance
between metabolism, development, and reproduction in this predator, ultimately reducing its biocontrol
efficiency under conditions that exceed its optimal thermal range. Survival analyses revealed that females
generally outlive males, but adult survival declines sharply after reaching adult stage, suggesting that
reproductive activity and thermal stress influence longevity. These findings corroborate previous life-
table studies (Laing 1968; Gotoh aand Gomi 2003; Mohamed and Omar 2011) and confirm that P.
persimilis performs best under intermediate thermal conditions. The peak /. values were recorded at 25—
27 °C, reflecting the interdependence of survival and reproduction, in line with previous life-table
findings (Walzer and Schausberger 2011; Nawar e a/. 2014). Our results on age specific survival showed
that the mites are primarily fertile during a short period of their lives, with reproduction almost
concentrated in the middle of their life cycle. This confirms that higher temperatures shorten lifespan but
accelerate development, as observed in Laing (1968) and Gotoh and Gomi (2003). The survival rates of
both female and male mites showed a more stable pattern compared to eatrlier life stages. Female survival
was consistently higher than male survival, but there was a notable decrease in survival after reaching
adult stage. This could indicate that adult mites may be less resilient to extreme temperatures or that their
reproductive activities impact their longevity. The fluctuating survival rates across different stages suggest
that temperature plays a crucial role in mite development and population dynamics, in agreement with
multiple life-table studies showing that P. persimilis has a narrow thermal optimum compared to generalist
phytoseiids such as IN. californicus (Gotoh and Gomi 2003; Paaijmans e a/. 2015), suggesting that mixed-
species release strategies could exploit complementary thermal niches for pest suppression. A longer
immature period reduced the growth rate of predator population growth, which may weaken its ability
to suppress pest populations (e.g., spider mites). In contrast, at optimal temperatures, predators reach
adulthood faster, reproduce more quickly, and control pests more effectively. Accelerated development
of P. persimilis at higher temperatures have been reported in previous life-table studies (Laing 1968;
Elmoghazy 2012; Vangansbeke e a/. 2013; Farazmand ez a/. 2015). APOP and TPOP values followed
similar trends, confirming that warming accelerates pre-oviposition and generation turnover, consistent
with earlier reports (Laing 1968; Chi and Su 2006; Bayoumy e7 a/. 2022). Developmental time for both
males and females increased with rising temperature up to 27 °C, then slightly declined at 29 °C,
suggesting that this upper threshold imposes physiological stress on adults. This trend suggests that 29
°C represents a suboptimal threshold for development, a finding consistent with earlier reports that P.
persimilis performs best at intermediate temperatures but suffers reduced survival and reproduction under
heat stress (Gotoh and Gomi 2003; Walzer and Schausberger, 2011; Colinet ez /. 2015). For example,
while the mean generation time sharply decreased with temperature in our study, adult longevity was
shortened considerably at 29 °C, reflecting the well-documented trade-off between accelerated
reproduction and reduced lifespan under thermal stress (Paaijmans ez a/. 2015; Papanikolaou ez a/. 2016).
Such temperature-dependent acceleration of life history traits has been widely reported in mites and other
poikilotherms, where faster metabolism at warmer temperatures reduces stage duration but eventually
impairs performance at extremes (Sabelis 1981). Our analysis of intrinsic and finite rates of increase (r
and 4) and life table parameters further confirmed that population growth was optimal between 25 and
27 °C. The sharp decline in rand Ry at 29 °C confirmed that this upper threshold is unsuitable for long-
term population maintenance, although the species performed well within 25-27 °C, its efficiency
declined rapidly under thermal stress, limiting its use in warmer environments (Walzer and Schausberger
2011; Colinet ez al. 2015; Papanikolaou ez al. 2016). Kazak e al. (1989) and Mohamed and Omar (2011)
reported higher Ry values for P. persimilis (26.05 and 30.99, respectively) compared to those obtained in
our study. Conversely, the rvalue for P. persimilis in our research was found to be lower than those (0.338
and 0.334, respectively) presented by Kazak ¢f a/. (1989) and Abad Moyano e7 a/. (2009), but higher than
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the value (0.12) reported by Mohamed and Omar (2011). These findings on population parameters
corroborated earlier reports that P. persimilis achieves maximum reproductive output around 24-27 °C
for population growth and biocontrol performance (Skirvin and Fenlon 2003; Rojas e# 4/ 2013), but
declined rapidly under warmer conditions, where increased temperatures reduced egg size, increased
juvenile mortality and shortened adult lifespan (Gotoh and Gomi 2003; Walzer and Schausberger 2011;
Colinet ez al. 2015; Papanikolaou ez a/. 2016). Although differences existed in the reported rand Ry values
among studies, most reports indicated a similar thermal optimum for P. persimilis (Gotoh et al. 2004; Abad-
Moyano ez al. 2009; Mohamed and Omar 2011). Such discrepancies may reflect differences in prey quality,
experimental design, and geographic strain. Gotoh e a/. (2004) indicated that the » value can fluctuate
considerably based on factors such as the plant that the prey consumes, the species and developmental
stage of the prey, environmental conditions like temperature and humidity, and the methods used for
data analysis. In general, demographic parameters reported in different studies are not easy to compare,
since observed differences may result from strain variation as well as differences in experimental
methodologies, such as arena size and type, food sources, relative humidity, photoperiod, and calculation
methods. Overall, temperature shapes population growth and predator-prey dynamics by affecting
development, reproduction, and survival. The decline in population parameters at 29 °C highlights the
importance of maintaining rearing and release conditions within the optimal thermal range for effective
biological control. Such information is essential for improving biological control strategies and ensuring
the sustainable management of 1. wrtiae under diverse environmental conditions. These findings
underscore the practical importance of understanding the thermal biology of P. persimilis for effective
management of T. urticae. The predator performs optimally at 25-27 °C, while temperatures beyond this
range reduce survival, reproduction, and population growth, potentially compromising pest suppression.
Under natural conditions with daily and seasonal temperature fluctuations, and in the context of climate
change with rising temperatures and more frequent heat waves, even moderately thermotolerant
predators may fail to control T. wrticae populations effectively. Therefore, timing releases, optimizing
rearing conditions, and implementing complementary strategies such as mixed-species releases or
environmental management are essential to maintain sustainable biocontrol (Skirvin and Fenlon 2003;
Colinet ez al. 2015; Paaijmans ef al. 2015). Future studies comparing specialist and generalist predatory
mites under fluctuating, field-like temperature regimes can provide valuable insights into how thermal
stress affects predator-prey dynamics and help design complementary release strategies that exploit
differences in thermal niches.

Author contributions: Methodology: M.L., S.R.S.; Sampling, collection and preparation of specimens: S.M.M. S.; Analyses
and data curation: M.L., S.R.S., S.M.M.S.; writing-original draft preparation: M.L. writing-revisions and editing: M.L., S.R.S,;
supervision: M.L., S.R.S. All authors have read and agreed to the published version of the manuscript.

Funding: NA.
Availability of data and materials: Data are available upon request from the authors.

Ethics approval and consent to participate: This study only included arthropod material, and all required ethical guidelines
for the treatment and use of animals were strictly adhered to in accordance with international, national, and institutional
regulations. No human participants were involved in any studies conducted by the authors for this article.

Conflict of interest: The authors declare no conflict of interest.

Generative Al statement: The authors declare no use of Gen Al in the creation of this manuscript.

REFERENCES

Abad-Moyano, R., Pina, T., Ferragut, F. & Urbaneja, A. (2009) Comparative life-history traits of three
phytoseiid mites associated with Tetranychus urticae (Acari: Tetranychidae) colonies in clementine
orchards in eastern Spain: implications for biological control. Experimental and Applied Acarology, 47:
121-132. https://doi.org/10.1007/s10493-008-9197

TEMPERATURE EFFECTS ON PHYTOSEIULUS PERSIMILIS



8 | SARVI ET AL. 2026

Bayoumy, M.A., Allam, S.A. & Abdelnabby, H.E. (2022) Biological aspects and consumption rate of the
predatory mite Phytoseinlus persimilis Athias-Henriot (Acari: Phytoseiidae) under different tempera-
ture regimes. Bulletin of the National Research Centre, 46(1): 1-12.
https://doi.org/ 10.21608/bjas.2022.300818

Bolland, H.R., Gutierrez, J. & Flechtmann, CH.W. (1998) World catalogue of the spider mite family (Acari:
Tetranychidae). Brill, Leiden & Boston, 392 pp.

Chi, H. (2020) TWOSEX-MSChart: a computer program for the age-stage, two-sex life table analysis
(Ver. 2020.06.16). Availabe from: https://doi.org/140.120.197.173 /Ecology/Download / Twosex-
MSChart.zip

Chi, H. & Liu, H. (1985) Two new methods for the study of insect population ecology. Bulletin of the
Institute of Zoology, Academia Sinica, 24: 225-240.

Chi, H. & Su, H.-Y. (2006) Age-stage, two-sex life tables of .Aphidins gifuensis and its host Myzus persicae
with mathematical proof of the relationship between female fecundity and the net reproductive
rate. Environmental Entomology, 35: 10-21.

Colinet, H., Sinclair, B.J., Vernon, P. & Renault, D. (2015) Insects in fluctuating thermal environments.
Annual Review of Entomology, 60: 123—140.

Elmoghazy, M.M.E. (2012) Influence of temperature on the life history and life table parameters of
predatory mite Phytoseiulus persimilis Athias-Henriot when fed on two-spotted spider mite Tetranychus
urticae Koch (Acari: Phytoseiidae, Tetranychidae). Journal of Plant Protection and Pathology, 3 (9): 943—
949. https://doi.org/10.21608/jppp.2012.84347

Farazmand, A., Amir-maafi, M. & Atlihan, R. (2020) Temperature-dependent development of Awmblyseins
swirskii (Acari: Phytoseiidae) on Tetranychus wurticae (Acari: Tetranychidae). Systematic and Applied
Acarology, 25(3): 538—547.

Farazmand, A., Fathipour, Y. & Kamali, K. (2015) Control of the spider mite Tetranychus urticae using
phytoseiid and thrips predators under microcosm conditions: single-predator versus combined-
predators release. Systematic and Applied Acarology, 20(2): 162—-170.

Ganjisaffar, F., Fathipour, Y. & Kamali, K. (2011) Effect of temperature on prey consumption of
Typhlodromus  bagdasarjani (Acari: Phytoseiidae) on Tetranychus wurticae (Acari: Tetranychidae).
International Jonrnal of Acarology, 37(6): 556-560.

Gotoh, T. & Gomi, K. (2003) Influence of temperature on the development and predation of Phytoseiulus
persimilis (Acari: Phytoseiidae). Experimental and Applied Acarology, 30(3): 199-207.

Gotoh, T., Yamaguchi, K. & Mori, K. (2004) Effect of temperature on life history of the predatory mite
Awmblyseius (Neoseinlus) californicus (Acari: Phytoseiidae). Experimental and Applied Acarology, 32: 15-30.

Grbi¢, M., Van Leeuwen, T, Clark, R.M., Rombauts, S., Rouzé, P., Dermauw, W., Ngoc, P.C.T., Ortego,
F., Hernandez-Crespo, P., Diaz, 1., Martinez, M., Navajas, M. & Smagghe, G. (2011) The genome
of Tetranychus urticae reveals herbivorous pest adaptations. Nature, 479: 487—492.
https://doi.org/10.1038 /nature10640

Jafari, S., Fathipour, Y. & Faraji, F. (2012) Temperature dependent development of Neoseiulus barkeri
(Acari: Phytoseiidae) on Tetranychus urticae (Acari: Tetranychidae) at seven constant temperatures.
Insect Science, 19: 220-228.

Kazak, C. (2008) The development, predation, and reproduction of Phytoseiulus persinilis Athias-Henriot
(Acari: Phytoseiidae) from Hatay fed Tetranychus cinnabarinus Boisduval (Acari: Tetranychidae) larvae
and protonymphs at different temperatures. Turkish Journal of Zoology, 32(4): 407—413.

Kazak, C., Karaat, S., Karaca, I. & Sekeroglu, E. (1989) A life table of Phytoseznlus persimilis Athias-Henriot
(Acari: Phytoseiidae) under laboratory conditions. Turkish Journal of Entomolgy, 13(2): 103—108.

Laing, J.E. (1968) Life history and life table of Phyfoseinlus persimilis. Acarologia, 10(4): 578—588.

McMurtry, J.A., de Moraes, G.J. & Famah-Sourassou, N. (2013) Revision of the lifestyles of phytoseiid
mites (Acari: Phytoseiidae) and implications for biological control strategies. Systematic and Applied
Acarology, 18(4): 297-320. http://dx.doi.org/10.11158/saa.18.4.1

TEMPERATURE EFFECTS ON PHYTOSEIULUS PERSIMILIS



2026 PERSIAN JOURNAL OF ACAROLOGY [ 9

Mohamed, O.M.O. & Omar, N.A.A. (2011) Life table parameters of the predatory mite Phytoseznlus
persimilis Athias-Henriot on four tetranychid prey species (Phytoseiidae—Tetranychidae). ~Acarines, 5
(1): 19-22.

Nawar, M.S., Osman, M.A. & El-Heneidy, A.H. (2014) Alternating temperatures affect life table
parameters of Phytoseinlus persimilis and Neoseiulus californicus fed on Tetranychus urticae. Experimental
and Applied Acarology, 63(2): 277-291.

Papanikolaou, N.E., Koveos, D.S. & Khidr, S.A. (2016) Effects of short-term heat stress on the
development, reproduction, and demographic parameters of the predatory mite Phytoseinlus persimilis
(Acari: Phytosetidae). Journal of Economic Entomology, 109(2): 674—682.

Rafizadeh Afshar, F. & Latifi, M. (2016) Demography of predatory mite Amblyseins swirskii (Acari:
Phytoseiidae) on Tetranychus urticae (Acari: Tetranychidae) under laboratory condition. Iranian Journal
of Plant Protection Science, 47(1): 129—137. [In Persian with English abstract]

Paaijmans, K.P., Blanford, S. & Thomas, M.B. (2015) Temperature variation makes ectotherms more
sensitive to climate change. Proceedings of the National Academy of Sciences of the USA, 112(9): 2859—
2864.

Pakyari, H. & Zemek, R. (2025) Effects of short-term heat stress on the development, reproduction, and
demographic parameters of Phytoseinlus persimilis (Acari: Phytoseiidae). Insects, 16(6): 1-14.
https://doi.org/10.3390/insects 16060596

Rojas, M.G., Morales-Ramos, J.A. & Riddick, E.W. (2013) Determining an optimal temperature range
tor reproduction of Phytoseinlus persimilis, a predator of the two-spotted spider mite Tetranychus urticae.
Biopesticides International, 9(2): 101-112.

Skirvin, D.J. & Fenlon, J.S. (2003) The effect of temperature on the functional response of Phytoseiulus
persimilis (Acari: Phytoseiidae). Experimental and Applied Acarology, 31: 37—49.

Sabelis, M.W. (1981) Biological control of two-spotted spider mite using phytoseiid predators. Part 1. Modelling the
predator-prey interaction at the individual level. Agricultural Research Report, Wageningen, 910 pp.
Walzer, A. & Schausberger, P. (2011) Sex-specific developmental plasticity of generalist and specialist
predatory mites (Acari: Phytoseiidae) in response to food stress. Journal of Applied Entomology, 135(8):

647—-654.

Vangansbeke, D., De Schrijver, L., Spranghers, T., Audenaert, J., Verhoeven, R., Nguyen, D.T., Gobin,
B., Tirry, L. & De Clercq, P. (2013) Alternating temperatures affect life table parameters of
Phytoseiulus persimilis, Neoseinlus californicns (Acari: Phytoseiidae) and their prey Tetranychus wurticae
(Acari: Tetranychidae). Experimental and Applied Acarology, 61(3): 285-298.
https://doi.org/10.1007/s10493-013-9704-8

Van Leeuwen, T., Vontas, J., Tsagkarakou, A., Dermauw, W. & Tirry, L. (2010) Acaricide resistance
mechanisms in the two-spotted spider mite Tetranychus urticae and other important Acari: a review.
Insect Biochemistry and Molecular Biology, 40(8): 563-572. https://doi.org/10.1016/j.ibmb.2010.05.008

TEMPERATURE EFFECTS ON PHYTOSEIULUS PERSIMILIS



10 | SARVI ET AL. 2026
Phytoseiulus persimilis 5 &b Lo bt § SA—wl g 3 Lod jilS
(Acari: Phytoseiidae)
T Buo Jomy e | ¥ b aodo | Y (g9 pm (50000200 S

mlatifi@uvrn.ac.ir ¢ smms_sarvi@yaboo.com odolilly £ 41yl ¢ ylxindy pac Sy ol o ¢5y9liS 54K o K jalS 09,5 .)
s.rsabbafi@urn.acir :dolblly & 3lul o ybrind) jac  Jy olKiiD o g5y9liS 5uSD wolS Aoy o Sif 09,5 .1

phuso bbbz
a.x:S:; B . latifi@urn.ac.ir
Cowl (65y9UsS” waee BT 5| S Tetranychus nrticae Koch (Acari: Tetranychidae) (glasdgs 05,6 (sby» b,
D90 slosds & ol xab e o5 350 5| (S Phytoseiulus persimilis Athias-Henriot (5,5 sUys o VEo¥ 5o 5000 VY
YV XD WY ) S (sl gl gy ) 39 s SIS gy (puliens g 53k i s o Ll oty
9 4> yom o (S5 Jodo Jelod 5l odlanal b P persimilis Jroddgs g (Slooki ) p ((wogmedes G223 YA 4 ¥ A
$395 eyt olod bl ps 33 Jreadg jlel a8 Jlo p3 wcdl ymals lod (il by loj o oy omingd Suis!
sled ;3 (r=0.35) Curer iul38l 515 olie 9 (Rp = 14.62) Jredds (el 5o ¢59)b oyt D5 &) VEeB ()98 V5
Olyis jas Job o Jb ol b ol Cuman Ay (glys dipn diold oz lis oS b Cd wgoudas &0 YY b YA PSP U
b slacudgioe Sl 4 el ials (oo olime & oo &350 YA glod o Jien)g 3 Slas o JolS ALiojlys T

Oy (s 4> 33 YV B YY) Jaizo sbalod j> P. persimilis 45 5S oo Wl el ol cwl gl )S i
S o gl 01b S bulyd )3 St Yoo Jole Glsisar |y o gl ol cul g 3)l5 1) s 2
Silwdits gl 205 sl yiin adllas cpl gladdl b o ialS ol e slales ) "j hE s

S oo o0l ST Bl e (sladslyy szl )3 s )50 ) (s3lele 5 sl )9 slad sl

Tetranychus nrticae do> ( oo 5 5,85 (ol o ¢ 565 Jodo 1605 B 5lg

Sarvi, S.M.-M., Latifi, M. & Sahhafi, SR. (2026) Effect of temperature on the biological
parameters of the predatory mite, Phyfoseinlus persimilis (Acari: Phytoseiidae). Persian
Journal of Acarology, 15(2): 150204.
https://doi.org/10.22073 /pja.150204

TEMPERATURE EFFECTS ON PHYTOSEIULUS PERSIMILIS


mailto:m.latifi@vru.ac.ir
mailto:s.r.sahhafi@vru.ac.ir
mailto:m.latifi@vru.ac.ir
https://doi.org/10.22073/pja.150204

	ABSTRACT
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES



