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Abstract. In this study we used the average annual temperature in Brazil and four warming predictions to propose a maximum thermal threshold 
for the predatory mite Cosmolaelaps brevistilis (Karg, 1978) (Mesostigmata: Laelapidae) as an experimental model. Then, we evaluated the 
effects of warming on the biological parameters of C. brevistilis for conservation biological control. We observed higher rates of oviposition and 
predation of the prey Tyrophagus putrescentiae (Schrank, 1781) (Astigmatina: Acaridae) under warmer conditions at 75 ± 10% RH. The highest 
rates of prey consumption and oviposition were observed at 28°C compared to the others tested (22, 24, and 26°C). However, the egg viability 
of C. brevistilis was reduced at the same temperature. Therefore, temperature increases both positive and negative effects on the biological 
parameters of C. brevistilis which are important for the ecological interactions that are essential for biological control programs.
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Predatory mites of the order Mesostigmata are among the most 
numerous and abundant arthropods in soils (Beaulieu et al. 2011), and 
are natural enemies of pests in agricultural crops (Castilho et al. 2015). 
However, the responses of increased temperatures on them and the 
consequences for biocontrol are poorly explored. Given predatory 
mites are natural enemies of agricultural pests (Freire et al. 2007; 
Castilho et al. 2009; Moreira et al. 2015), and that pests can expand 
their distribution under warming conditions (de Paula & Barreto 2020), 
understanding their response to warming would aid in the development 
of better plans for biological control in the face of climate change.

In this study we investigated the biological characteristics of 
the predatory mite Cosmolaelaps brevistilis (Karg, 1978) (Acari: 
Mesostigmata: Laelapidae) at five temperatures in the range of 20-
28°C. Currently, there are records for this predatory mite in grasslands 
in southern Brazil (Duarte et al. 2017). Knowledge on the biology on 
C. brevistilis will enhance the possibilities for its more effective use 
as a biological control agent on different crop fields, such as soybean, 
where our specimens were sampled for this study.

Adults of C. brevistilis were collected from the soils of soybean crop 
sites located at the experimental area of the Department of Entomology 
and Acarology ESALQ/University of São Paulo, in Piracicaba, SP, Brazil 
(22°42'47.0"S; 47°37'41.4"W) and reared in the laboratory. The mites 
were kept in plastic containers according to Abbatiello (1965). Colonies 
were maintained in the dark, at a room temperature of 22-27°C, a 
relative humidity of 75 ± 10%, and were fed daily with all stages of the 
free-living nematodes Panagrellus redivivus (Linnaeus, 1767) Goodey, 
1945 (Nematoda: Tylenchida: Panagrolaimidae).

The experimental bioassay units consisted of a Petri dish (2.6 cm 
diameter × 1 cm height) with the bottom covered by a layer of a mixture 
of activated charcoal and plaster, and it were wetted daily with 0.5 mL 
of distilled water. The edges of each experimental unit were sealed with 
plastic film to prevent the mites from escaping. We used one mated 
adult female of C. brevistilis (<72 hours old) in each experimental unit. 
For each unit, 20 adult females of Tyrophagus putrescentiae (Schrank, 
1781) (Astigmatina: Acaridae) were offered as food as this is a common 

biological model (Freire & Moraes 2007; Moreira et al. 2015; Barbosa 
& Moraes 2016). 

Twenty experimental units were subjected to the five different 
temperatures as follows: a) average annual temperature for the region 
(20 ± 1°C), b) average annual temperature + Intergovernmental Panel 
on Climate Change (IPCC) prediction in the best scenario (22 ± 1°C), c) 
average annual temperature + IPCC prediction in the worst scenario 
(24 ± 1°C), d) average annual temperature + IPCC prediction in the 
best scenario + heat wave event  (26 ± 1°C), and e) average annual 
temperature + IPCC prediction in the worst scenario + heatwave event 
(28 ± 1°C). All temperature treatments were conducted in a climate-
controlled chamber with 75 ± 10% of relative humidity and 12 h of 
photophase.

The experimental units were observed during six consecutive days 
under a dissecting microscope to determine the number of consumed 
prey, the eggs laid by the predators, the viability of predator eggs (# 
of hatched eggs), and the predator survival rates (survival probability 
over time). For that, we offered 20 new live prey daily. Egg viability was 
measured daily as the proportion of hatched eggs to the total number 
of eggs laid. For this purpose, each day, and after counting the eggs, 
each female predatory mite was transferred to a new experimental 
unit (containing live prey) under the same temperature conditions, 
thus leaving the eggs in the original experimental unit, preventing any 
interferences with regards to egg transfer. The first day of data was 
discarded to account for any previous feeding event by predators in 
the rearing colonies.

Normality and homoscedasticity of the data obtained for predation 
and oviposition rates were separately checked using Shapiro-Wilk's 
and Bartlett's tests, respectively. The data did not satisfy the normality 
and variance homogeneity, even after transformations, so Kruskal-
Wallis non-parametric Dunn test with Bonferroni correction (p < 
0.05) was performed in R software 3.6.3 (R Core Team 2020). The 
egg viability data was analyzed using a generalized linear model with 
a quasibinomial distribution. The survival of female predatory mites 
exposed to temperatures overtime was subjected to survival analysis 
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by Kaplan-Meier estimators (Log-Rank), and the survival curves were 
compared with the Holm-Sidak's method (p < 0.05) using the software 
SigmaPlot 12.3 (Systat Software 2013). To explain the contrast between 
both prey consumption and egg viability as a function of temperature, 
the data was analyzed using a Pearson correlation built from a matrix 
of correlations and their respective coefficients. Subsequently, the 
data was fit into a Gaussian model to determine whether there was a 
significant relationship between the two variables.

The number of T. putrescentiae consumed by C. brevistilis 
significantly increased with temperature (χ2 = 59.95; df = 4; p < 0.001) 
(Tab. 1); predators kept at 28°C consumed more prey than mites under 
all the lower temperatures. The lowest predation rates were recorded 
for mites kept at 22°C and 20°C. Fecundity (eggs/female/day) and 
egg viability (% of hatched eggs) were also significantly affected by 
temperature (χ2 = 61.68; df = 4; p < 0.001; F = 11.84; df = 4; p < 0.001, 
respectively) (Tab. 1). The number of eggs laid by predators increased 
with warming; females kept at 26°C and 28°C oviposited more eggs per 
day than females kept at lower temperatures. When the temperature 
reached 28°C we found a reduction in egg viability by 25% compared 
to other temperatures.

Table 1. Predation rate, fecundity (eggs/female/day) and egg viability % (mean ± 
S.E.) of Cosmolaelaps brevistilis (Karg, 1978) at different temperatures.

Temperature 
(°C)

Consumed 
prey/day⁑

Fecundity⁑ Eggs/
female/day

Egg viability (%)*

28 6.11 (± 0.27)a 2.96 (±0.20)a 76 (±3.97)b

26 4.63 (±0.21)b 2.57 (±0.14)a 92 (±2.76)a

24 3.94 (±0.18)b 1.90 (±0.11)b 95 (±1.51)a

22 3.26 (±0.14)c 1.46 (±0.07)c 96 (±1.40)a

20 2.94 (±0.13)c 1.11 (±0.06)c 93 (±1.91)a

Values followed by different letters within columns are significantly different 
based on ⁑Dunn test with Bonferroni correction (p < 0.05) or *by contrasts from 
quasibinomial generalized linear model.

Female adult survival was also significantly affected by temperature 
(Log-Rank = 11.14; df = 4; p = 0.025) (Fig. 1A). At 28°C, the survival of 
predatory mites slowly decreased to 5.50 (± 0.21) days and significantly 
differed from that at 20°C, for which we found no reduction in the 
survival probability of C. brevistilis. Predation was positively correlated 
with temperature (Gaussian model corresponded: df= 1; F = 55.51), 
indicating a tendency to increase as a function of temperature; 
the values for predation and egg viability rates intercepted by this 
correlation were ρ = 0.60 and -0.07, respectively, albeit non-significant. 
The values with negative correlation coefficients for egg viability 
tended to decrease (gaussian model corresponded: df= 1; F = 21.062) 
as predation rates rose (ρ = -0.42) (Fig. 1B).

In this study, we found higher rates of prey consumption by C. 
brevistilis under warming conditions, which was followed by increases 
in daily oviposition. However, when predators were subjected to the 
highest temperature (28°C), a trade-off was apparent, and the egg 
viability and adult survival were significantly lower. The increase in 
consumption rates is linked to higher metabolic rates of predators 
at high temperatures (Laws 2017); as metabolic demands increase 
exponentially, predators compensate for energy expenditure with 
greater food intake (O'Connor 2009; Lemoine et al. 2013). For 
example, Ramachandran et al. (2021) observed that the predatory 
mite Stratiolaelaps scimitus (Womersley, 1956) (Acari: Mesostigmata: 
Laelapidae) consumed more individuals of Carpoglyphus lactis 
(Linnaeus, 1767) (Acari: Carpoglyphidae) when kept at 24°C compared 
to 16°C.

Notably, high metabolic rates also altered the reproduction of C. 
brevistilis in our study. In this case, the reproductive performance of 
C. brevistilis increased proportionately with increasing temperature. 
We thus posit that there is a high optimal reproductive performance 
between 24-26°C, with this temperature range previously suggested 
to as the ideal limit for the development and reproduction of most 
arthropods that inhabit the soil in tropical regions (Ikemoto 2005; 
Dixon et al. 2009; Damos & Savopoulou-Soultani 2011; Skendžić et 

al. 2021). In addition to prey consumption, high metabolic rates may 
induce changes in the reproductive parameters of predators (Verberk 
et al. 2013; King & MacRae 2015). The thermal stress may have caused 
changes in the reproductive pattern of C. brevistilis through the poor 
formation of oocytes, as observed in Drosophila melanogaster Meigen, 
1830 (Diptera: Drosophilidae) according in Meiselman et al. (2018). 
In this case, we observed a reduction in egg viability by 25% at 28°C. 
We thus suggest that temperatures above 30°C may compromise the 
fertility of these predators by reducing egg viability.

In summary, changes in the biological parameters of C. brevistilis 
under future climate warming conditions will likely affect their predatory 
behaviour, which we showed using T. putrescetiae, a biological model. 
Warming increased prey consumption and oviposition but decreased 
the viability of eggs. These changes can be of high significance when 
considering that this top predator found in soils can be used as a 
conservation biocontrol agent to keep the populations of agricultural 
pests in check in crops, like soybean.

Figure 1. Survival curve of Cosmolaelaps brevistilis (Karg, 1978) kept at different 
temperatures. Curves followed by different letters are significantly different 
based on the Kaplan-Meier test (p < 0.05). Survival proportion varies between 
0 to 1, where 1 equals 100% of probability (A); Thermal map of the correlation 
coefficient of predation (ρ = 0.601) and egg viability (ρ = -0.421) parameters of 
C. brevitilis as a function of the increase in temperature (B).

Funding Information
Funding was provided by São Paulo Advanced Research Center 

for Biological Control/ FAPESP and Koppert Biological Systems for PTY 

A

B



Barroso et al. 2023

3

(2018/02317-5).

Authors' Contributions
GB, JCS and PTY conceived and designed the study. GB and LLG 

conducted experiments and collected the data. ACP and JBP analyzed 
the data. GB, CB, JCS, ACP, JBP, LLG wrote the manuscript. GB, JCS, 
ACP, JBP, and PTY contributed to interpretation of results and overall 
improvement of the manuscript. All authors commented on previous 
versions of the manuscript and approved the final manuscript.

Conflict of Interest Statement
We declare no conflict of interest.

References

Abbatiello, M. J. (1965) A culture chamber for rearing soil mites. Turtox 
News, 43: 162-164.

Barbosa, M. F. C.; Moraes, G. J. (2016) Potential of astigmatid mites 
(Acari: Astigmatina) as prey for rearing edaphic predatory mites of 
the families Laelapidae and Rhodacaridae (Acari: Mesostigmata). 
Experimental and Applied Acarology, 69, 289-296. doi: 10.1007/
s10493-016-0043-4

Beaulieu, F.; Dowling, A. P. G.; Klompen, H.; Moraes, G. J.; Walter, D. 
E. (2011) Superorder Parasitiformes Reuter, 1909. In: Zhang, Z.-Q. 
(Ed.), Animal biodiversity: an outline of higher-level classification 
and survey of taxonomic richness. Zootaxa, 3148: 123-128. doi: 
10.11646/zootaxa.3148.1.23 

Castilho, R. C.; Moraes, G. J.; Silva, E. S.; Freire, R. A. P.; Eira, F. C. (2009) 
The predatory mite Stratiolaelaps scimitus as a control agent of the 
fungus gnat Bradysia matogrossensis in commercial production 
of the mushroom Agaricus bisporus. International Journal of Pest 
Management, 53(3): 181-185. doi: 10.1080/09670870902725783 

Castilho, R. C.; Venancio, R.; Narita, J. P. Z. (2015) Mesostigmata 
as biological control agents, with emphasis on Rhodacaroidea 
and Parasitoidea. In: Carillo, D.; Moraes, G. J.; Peña, J. E. (Eds.), 
Prospects for biological control of plant feeding mites and other 
harmful organisms, pp. 1-32. Cham: Springer. doi: 10.1007/978-3-
319-15042-0_1 

Damos, P.; Savopoulou-Soultani, M. (2011) Temperature-driven models 
for insect development and vital thermal requirements. Psyche: A 
Journal of Entomology, 2012: 1-13. doi: 10.1155/2012/123405 

de Paula, A. S.; Barreto, C. (2020) Potential distribution of Nysius 
simulans (Hemiptera: Lygaeidae) in soybean crops in South America 
under current and future climate. Journal of Economic Entomology, 
113(4): 1702-1710. doi: 10.1093/jee/toaa089 

Dixon, A. F. G.; Honěk, A.; Keil, P.; Kotela, M. A. A.; Šizling, A. L.; Jarošík, 
V. (2009) Relationship between the minimum and maximum 
temperature thresholds for development in insects. Functional 
Ecology, 23(2): 257-264. doi: 10.1111/j.1365-2435.2008.01489.x 

Duarte, A. D. F.; Moreira, G. F.; Cunha, U. S. da; Moraes, G. J. (2017) 
Cosmolaelaps Berlese (Mesostigmata: Laelapidae) from southern 
Brazil, with a new record of a heteromorphic male, description of a 
new species, and a key to the species reported from that country. 
Zootaxa, 4286(4): 535-544. doi: 10.11646/zootaxa.4286.4.6 

Freire, R. A. P.; Moraes, G. J.; Silva, E. S.; Vaz, A. C. F.; Castilho R. C. (2007) 
Biological control of Bradysia matogrossensis (Diptera: Sciaridae) 
in mushroom cultivation with predatory mites. Experimental and 
Applied Acarology, 42(2): 87-93. doi: 10.1007/s10493-007-9075-0

Ikemoto, T. (2005) Intrinsic optimum temperature for development of 
insects and mites. Environmental Entomology, 34(6): 1377-1387. 
doi: 10.1603/0046-225X-34.6.1377 

King, A. M.; MacRae, T. H. (2015) Insect heat shock proteins during 
stress and diapause. Annual Review of Entomology, 60: 59-75. doi: 
10.1146/annurev-ento-011613-162107

Laws, A. N. (2017) Climate change effects on predator-prey interactions. 
Current Opinion in Insect Science, 23: 1-7. doi: 10.1016/j.

cois.2017.06.010
Lemoine, N. P.; Drews, W. A.; Burkepile, D. E.; Parker J. D. (2013) 

Increased temperature alters feeding behavior of a generalist 
herbivore. Oikos, 122(12): 1669-1678. doi: 10.1111/j.1600-
0706.2013.00457.x

Meiselman, M. R.; Kingan, T. G.; Adams, M. E. (2018) Stress-induced 
reproductive arrest in Drosophila occurs through ETH deficiency-
mediated suppression of oogenesis and ovulation. BMC Biology, 
16(1): 1-15. doi: 10.1186/s12915-018-0484-9

Moreira, G. F.; de Morais, M. R.; Busoli, A. C.; Moraes, G. J. (2015) 
Life cycle of Cosmolaelaps jaboticabalensis (Acari: Mesostigmata: 
Laelapidae) on Frankliniella occidentalis (Thysanoptera: Thripidae) 
and two factitious food sources. Experimental and Applied 
Acarology, 65(2): 219-226. doi: 10.1007/s10493-014-9870-3

O'Connor, M. I. (2009) Warming strengthens an herbivore-plant 
interaction. Ecology, 90(2): 388-398. doi: 10.1890/08-0034.1

Ramachandran, D.; Lindo, Z.; Meehan, M. L. (2021) Feeding rate 
and efficiency in an apex soil predator exposed to short-term 
temperature changes. Basic and Applied Ecology, 50: 87-96. doi: 
10.1016/j.baae.2020.11.006

R Core Team (2020) R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, Austria. 
https://www.r-project.org/ 

Skendžić, S.; Zavko, M.; Živković I. P.; Lešić, V.; Lemić, D. (2021) The 
impact of climate change on agricultural insect pests. Insects, 
12(5): 440. doi: 10.3390/insects12050440

Systat Software (2013) SigmaPlot Version 12.3. San Jose, California. 
https://systatsoftware.com/sigmaplot/ 

Verberk, W. C. E. P.; Sommer, U.; Davidson, R. L.; Viant, M. R. (2013) 
Anaerobic metabolism at thermal extremes: a metabolomic test of 
the oxygen limitation hypothesis in an aquatic insect. Integrative 
and Comparative Biology, 53(4): 609-619. doi: 10.1093/icb/ict015

https://doi.org/10.1007/s10493-016-0043-4
https://doi.org/10.1007/s10493-016-0043-4
https://doi.org/10.11646/zootaxa.3148.1.23
https://doi.org/10.1080/09670870902725783
https://doi.org/10.1007/978-3-319-15042-0_1
https://doi.org/10.1007/978-3-319-15042-0_1
https://doi.org/10.1155/2012/123405
https://doi.org/10.1093/jee/toaa089
https://doi.org/10.1111/j.1365-2435.2008.01489.x
https://doi.org/10.11646/zootaxa.4286.4.6
https://doi.org/10.1007/s10493-007-9075-0
https://doi.org/10.1603/0046-225x-34.6.1377
https://doi.org/10.1146/annurev-ento-011613-162107
https://doi.org/10.1016/j.cois.2017.06.010
https://doi.org/10.1016/j.cois.2017.06.010
https://doi.org/10.1111/j.1600-0706.2013.00457.x
https://doi.org/10.1111/j.1600-0706.2013.00457.x
https://doi.org/10.1186/s12915-018-0484-9
https://doi.org/10.1007/s10493-014-9870-3
https://doi.org/10.1890/08-0034.1
https://doi.org/10.1016/j.baae.2020.11.006
https://www.r-project.org/
https://doi.org/10.3390/insects12050440
https://systatsoftware.com/sigmaplot/
https://doi.org/10.1093/icb/ict015

