" BioOne COMPLETE

Dynamics of life history traits in Tetranychus ludeni
Zacher in response to fluctuating temperatures
Authors: Ristyadi, Dwi, He, Xiong Zhao, and Wang, Qiao
Source: Systematic and Applied Acarology, 24(11) : 2272-2277
Published By: Systematic and Applied Acarology Society

URL: https://doi.org/10.11158/saa.24.11.16

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 29 Aug 2024
Terms of Use: https://bioone.org/terms-of-use



Systematic & Applied Acarology 24(11): 2272-2277 (2019) ISSN 1362-1971 (print)
http://doi.org/10.11158/saa.24.11.16 ISSN 2056-6069 (online)

Correspondence

Dynamics of life history traits in Tetranychus ludeni Zacher in response
to fluctuating temperatures

DWI RISTYADI', XIONG ZHAO HE' & QIAO WANG'*

!School of Agriculture and Environment, Massey University, Private Bag 11222, Palmerston North, New Zealand
*Correspondence to Qiao Wang. E-mail: Q.Wang@massey.ac.nz

Tetranychus ludeni Zacher (Acari: Tetranychidae) is an invasive spider mite that currently occurs in
Europe, Asia, Africa, America, and Australasia (CABI 2011; Migeon & Dorkeld 2018). It feeds on
more than 300 plant species in 60 families and causes significant damage to a number of
economically important crops such as eggplant, pepper, tomato, bean, pumpkin and other
cucurbitaceous plants (Zhang 2002, 2003; Gotoh et al. 2015). In their study on effects of constant
temperatures on several spider mite species, Gotoh ef al. (2015) suggest that 7. ludeni may be better
adapted to warmer climate and predict that it could replace T. urticae to become a major pest of crops
in the world. However, temperature in nature is fluctuating, typically higher during the daytime and
lower during the nighttime, which could have different effects on organisms (Fischer et al. 2011;
Paaijmans ef al. 2013; Bowden ef al. 2014; Gotoh et al. 2014; Zeh et al. 2014; Nachman & Gotoh
2015; Bayu et al. 2017). So far, how fluctuating thermal conditions affect life history traits of 7.
ludeni is unknown. In the present study, we investigated the plasticity of life history traits in response
to fluctuating temperatures in 7. /udeni to provide information for predicting its potential to invade
and to become a major pest in different regions or conditions.

We maintained a breeding colony of 7. /udeni on 20 potted kidney bean plants (Phaseolus
vulgaris L.) in the Massey University Entomology and IPM Laboratory, Palmerston North, New
Zealand, at 25 + 1°C temperature and 50 ~ 70% RH with a photoperiod of 16L:8D hours. We
performed four fluctuating temperature treatments (15~21, 22~28, 29~35 and 36~42°C) with 20
replicates per treatment in growth chambers (I-36VL, Percival Scientific Inc., Perry, Iowa, USA).
The temperature setting protocol is shown in Figure 1. For each replicate, we randomly collected 20
female and 4 male adults from the colony, introduced them onto a bean leaf disc (3 cm x 3 cm) placed
upside down on a water saturated cotton pad in a Petri dish (5.5 cm diameter x 1.0 cm height), and
allowed them to stay on the leaf disc for 24 hours at 25°C. We kept 50 eggs on the leaf disc, removed
the redundant eggs using a soft paintbrush, and then placed the Petri dish with 50 eggs into a growth
chamber at a test temperature. We replaced the leaf disc with a fresh one once every five days. We
took each Petri dish from the test temperature once a day for a few minutes and recorded egg hatch,
immature stage mortality and adult emergence under a stereomicroscope (Leica MZ12, Germany) at
25°C. During the few minute’s observation each day, we also sexed and removed emerged adults and
recorded development period (from egg to adulthood) of each sex.

To determine the effect of treatments on adult body size, we randomly selected two females and
two males of the resultant adults per replicate and measured their size under a digital camera
(Olympus SC30, Japan) connected to the stereomicroscope and a computer with adequate imaging
software (CellSens® GS-ST-V1.7, Olympus, Japan) installed. To obtain information on the effect of
treatments on reproductive outputs and adult longevity, we randomly selected 20 newly emerged
females and 20 newly emerged males (< 1 d old) from each of the above treatments and individually
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paired them on a leaf disc (2 cm % 2 cm) in a Petri dish as mentioned above. We maintained all these
adults under the same treatment conditions. Twenty-four hours later, we transferred the male to a
clean leaf disc of the same size in another Petri dish and recorded its longevity. We allowed the
female to lay eggs for 72 hours on the same leaf disc and then transferred her to a new leaf disc of
the same size in another Petri dish. We repeated this process until her death, and recorded fecundity
and egg hatch rate of all eggs laid by each female. Mite transfer, and fecundity and egg hatch
recording were performed at 25°C for a few minutes.

All data were analysed using SAS 9.4 with a rejection level set at o <0.05. A Shapiro-Wilk test
(UNIVARIATE procedure) was used to test the distribution of data. Data on the immature survival
rate, and male and female adult body size were normally distributed and thus analysed using an
analysis of variance (ANOVA, GLM procedure) followed by Tukey’s Studentized range test. Data
on the number of eggs laid were In(x) transformed to achieve normal distribution before ANOVA.
Data on egg hatch rate, and offspring sex ratio and developmental period were not normally
distributed even after transformation, and thus analysed using a non-parametric ANOVA (GLM
procedure) with a Tukey test for multiple comparisons. Data on adult survival were compared using
a Wilcoxon test (LIFETEST procedure).

Our results show that no eggs hatched at the treatment of 36~42°C, indicating that this
temperature range is lethal to 7. /udeni eggs. Similarly, Gotoh et al. (2015) report that T. ludeni and
T. urticae eggs do not hatch at the constant temperature of 40°C, and Roy ef al. (2002) show that 7.
mcdanieli McGregor eggs fail to hatch at > 36°C. These findings suggest that many Tetranychus
species may not be able to survive in regions with a period of late 30°C to early 40°C in a year, and
that air temperature of ca. 40°C can kill spider mite eggs for postharvest disinfestation.

We show that almost 100% of eggs hatched at 15~21 and 22~28°C while only about 70% of eggs
hatched at 29~35°C (F, ;= 69.32, P < 0.0001) (Figure 2A). Among hatched mites, about 75%
developed to adults under 22~28°C compared to about 60% and 10% at 15~21°C and 29~35°C,
respectively (F,;,= 224.32, P < 0.0001) (Figure 2B). These findings show that 22~28°C is the
optimal thermal condition for survival and development of 7. /udeni. Based on the results, we
propose that this mite may not be able to establish in regions or greenhouses with the daytime
temperature > 35°C. The relatively low survival of immature stages at 15~21°C may be attributed to
significantly longer development period (F, ,,;=2328.85, P <0.0001) (Figure 2C), which may pose
higher risk of death (Murphy et al. 2018; Esbjerg & Sigsgaard 2019).

Like many haplodiploid species (Roy et al. 2003; Macke et al. 2011; Tamura & Ito 2017; Zhou
et al. 2018), T. ludeni generally had a female-biased sex ratio (Figure 2D). However, the proportion
of female offspring was significantly higher at 29~35°C than at 15~21 and 22~28°C (F, 5, = 22.70, P
< 0.0001) (Figure 2D). Roy et al. (2003) suggest that an increasing female-biased sex ratio in 7.
mcdanieli at extremely high temperatures could be an evolutionary response of spider mites to
deteriorating habitats because females have better capacities than males to disperse and survive
under harsh conditions.

Adult T. ludeni developed from 29~35°C were significantly smaller (F, ;= 3.6, P = 0.0320 for
male; F, 4= 149.54, P < 0.0001 for female) (Figure 2E) and laid significantly fewer eggs (F, ;,=
7.88, P =0.0014) (Figure 2F) than those from 15~21 and 22~28°C. The present study supports both
theoretical and empirical findings in many organisms, i.e. adult body size decreases with increasing
temperature (Atkinson 1994; Walters & Hassall 2006; Klok & Harrison 2013) and female body size
and fecundity are positively correlated (Hon€k 1993). Furthermore, we demonstrate that adult
longevity and temperature were inversely related in both sexes (2 =21.53, P < 0.0001 for males;

x% = 12.00, P = 0.0025 for females) with females being more tolerant than males at high
temperatures ( xi =26.76, P <0.0001 for 29~35°C) but not at lower temperatures (X% =1.91 and
0.01 for 15~21 and 22~28°C, respectively; P > 0.05) (Figure 3).
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FIGURE 1. Illustration of the hourly temperature change following a modified Gaussian function (Schou et al. 2014):
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Temperature ., = a % g_[ 22 Iy d, where a (= 6) is the amplitude, b (= 10 ~ 14) is the time of the peak, ¢ (=
3.16) is the width of the distribution, and d is the nighttime temperature. Time: 0 ~4 dark, 4 ~ 20 light, and 20 ~ 24 dark.
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FIGURE 2. Mean (+ SE) egg hatch rate (A), immature survival rate (B), developmental time (C), proportion
of female offspring (D), adult size (E), and number of eggs laid (F) at different temperature ranges (°C). For
each category, columns with the same letters are not significantly different (P > 0.05).
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In summary, 7. ludeni performs the best at 22~28°C and the worst at 29~35°C with no eggs
surviving at 36~42°C, suggesting that this mite is less likely to invade hot to very hot regions. The
mite can reproduce well at 15~21°C but at this temperature range, it develops twice slower and
suffers 25% higher immature stage mortality than at 22~28°C, implying that this mite has some
difficulty to establish in cool regions and even if it survives in these regions, it is less likely to
become a major pest. Our results also suggest that 7. /udeni can establish in the regions with mild to
warm climate after invasion and become an important pest. New Zealand has a mild climate with the
South Island being cooler. As a result, the mite population size may be larger in the North Island than
in the South Island. Furthermore, it may not be able to survive in the regions with hot climate and
greenhouses with a daytime temperature over 30°C during the summer.
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FIGURE 3. Survival of female (A) and male adults (B) at different fluctuating temperatures. Lines with the
same letters are not significantly different (P > 0.05).

Acknowledgements

We thank Professor Z.-Q. Zhang for identification of this spider mite to species. We are also grateful
to two anonymous reviewers for their constructive comments and suggestions, which have
significantly improved the paper. This work was supported by a New Zealand ASEAN Scholarship
(NZAS) to DR and a Massey University Research Fund to QW.

References

Atkinson, D. (1994) Temperature and organism size: a biological law for ectotherms? Advances in Ecological
Research, 25, 1-58.

https://doi.org/10.1016/S0065-2504(08)60212-3
Bowden, R.M., Carter, A.W. & Paitz, R.T. (2014) Constancy in an inconstant world: moving beyond constant
temperatures in the study of reptilian incubation. Integrative and Comparative Biology, 54, 830—840.

https://doi.org/10.1093/icb/icu016

2019 RISTYADI ET AL.: DYNAMICS OF LIFE HISTORY TRAITS IN TETRANYCHUS LUDENI 2275

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 29 Aug 2024
Terms of Use: https://bioone.org/terms-of-use



Bayu, M.S.Y.I., Ullah, M.S., Takano, Y. & Gotoh, T. (2017) Impact of constant versus fluctuating temperatures
on the development and life history parameters of Tetranychus urticae (Acari: Tetranychidae). Experi-
mental and Applied Acarology, 72,205-227.
https://doi.org/10.1093/ee/nvv056

CABI (2011) Tetranychus ludeni. [Distribution map]. /n: Distribution maps of plant pests (pp. Map 758). Wall-
ingford: CABI. https://www.cabi.org/ISC/abstract/20113409546 (accessed on 30/03/2019)

Esbjerg, P. & Sigsgaard, L. (2019) Temperature dependent growth and mortality of Agrotis segetum. Insects, 10, 7.
https://doi.org/10.3390/insects10010007

Fischer, K., Kdlzow, N., Holtje, H. & Karl, I. (2011) Assay conditions in laboratory experiments: is the use of
constant rather than fluctuating temperatures justified when investigating temperature-induced plasticity?
Oecologia, 166, 23-33.
https://doi.org/10.1007/s00442-011-1917-0

Gotoh, T., Moriya, D. & Nachman, G. (2015) Development and reproduction of five Tetranychus species
(Acari: Tetranychidae): do they all have the potential to become major pests? Experimental and Applied
Acarology, 66, 453-479.
https://doi.org/10.1007/s10493-015-9919-y

Gotoh, T., Saito, M., Suzuki A. & Nachman, G. (2014) Effects of constant and variable temperatures on devel-
opment and reproduction of the two-spotted spider mite Tetranychus urticae (Acari: Tetranychidae).
Experimental and Applied Acarology, 64, 465-478.
https://doi.org/10.1007/s10493-014-9841-8

Honék, A. (1993) Intraspecific variation in body size and fecundity in insects: a general relationship. Oikos,
66, 483-492.
https://doi.org/10.2307/3544943

Klok, C.J. & Harrison, J.F. (2013) The temperature size rule in arthropods: independent of macro-environmen-
tal variables but size dependent. Integrative and Comparative Biology, 53, 557-570.
https://doi.org/10.1093/icb/ict075

Macke, E., Magalhdes, S., Khan, H. D.-T., Luciano, A., Frantz, A., Facon, B. & Olivieri, 1. (2011) Sex alloca-
tion in haplodiploids is mediated by egg size: evidence in the spider mite Tetranychus urticae Koch. Pro-
ceedings of the Royal Society B: Biological sciences, 278, 1054—1063.
https://doi.org/10.1098/rspb.2010.1706

Migeon, A. & Dorkeld, F. (2018) Spider mites web: a comprehensive database for the Tetranychidae. http://
www.montpellier.inra.fr/CBGP/spmweb (accessed on 30/03/2019)

Murphy, S.M., Vidal, M.C., Hallagan, C.J., Barnes, E.E. & Dale Broder, E. (2018) A slow-growth high-mortal-
ity meta-analysis for insects: a comment on Chen and Chen. Insect Science, 25, 352-354.
https://doi.org/10.1111/1744-7917.12459

Nachman, G. & Gotoh, T. (2015) Modeling the effects of constant and variable temperatures on the vital rates
of an age-, stage- and sex-structured population by means of the SANDY approach. Environmental Ento-
mology, 44, 821-834.

Paaijmans, K.P., Heinig, R.L., Seliga, R.A., Blanford, J.I., Blanford, S., Murdock, C.C. & Thomas, M.B.
(2013) Temperature variation makes ectotherms more sensitive to climate change. Global Change Biol-
ogy, 19, 2373-2380.
https://doi.org/10.1111/gcb.12240

Roy, M., Brodeur, J. & Cloutier, C. (2002) Relationship between temperature and developmental rate of
Stethorus punctillum (Coleoptera: Coccinellidae) and its prey Tetranychus mcdanieli (Acarina: Tetrany-
chidae). Environmental Entomology, 31, 177-187.
https://doi.org/10.1603/0046-225x-31.1.177

Roy, M., Brodeur, J. & Conrad, C. (2003) Temperature and sex allocation in a spider mite. Oecologia, 135, 322-326.
https://doi.org/10.1007/s00442-002-1160-9

Schou, M.F., Kristensen, T.N., Kellermann, V., Schlétterer, C. & Loeschcke, V. (2014) A drosophila laboratory
evolution experiment points to low evolutionary potential under increased temperatures likely to be expe-
rienced in the future. Journal of Evolutionary Biology, 27, 1859-1868.
https://doi.org/10.1111/jeb.12436

Tamura, K. & Ito, K. (2017) Extremely low fecundity and highly female-biased sex ratio in nest-living spider mite
Schizotetranychus brevisetosus (Acari: Tetranychidae). Systematic and Applied Acarology, 22, 170-183.
http://dx.doi.org/10.11158/saa.22.2.2

2276 SYSTEMATIC & APPLIED ACAROLOGY VOL. 24

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 29 Aug 2024
Terms of Use: https://bioone.org/terms-of-use



Walters, R. & Hassall, M. (2006) The temperature size rule in ectotherms: may a general explanation exist after
all? The American Naturalist, 167, 510-523.
https://doi.org/10.1086/501029

Zeh, J.A., Bonilla, M.M., Su, E.J., Padua, M.V, Anderson, R.V. & Zeh, D.W. (2014) Constant diurnal tempera-
ture regime alters the impact of simulated climate warming on a tropical pseudoscorpion. Scientific
Reports, 4, 3706.
https://doi.org/10.1038/srep03706

Zhang, Z.-Q. (2002) Taxonomy of Tetranychus ludeni (Acari: Tetranychidae) in New Zealand and its ecology
on Sechium edule. New Zealand Entomologist, 25, 27-34.
https://doi.org/10.1080/00779962.2002.9722091

Zhang, Z.-Q. (2003) Mites of greenhouses: identification, biology and control. CABI Publishing, CAB Inter-
national Wallingford, 244 pp.

Submitted: 11 Oct. 2019; accepted by Zhi-Qiang Zhang: 18 Nov. 2019, published: 27 Nov. 2019

2019 RISTYADI ET AL.: DYNAMICS OF LIFE HISTORY TRAITS IN TETRANYCHUS LUDENI 2277

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 29 Aug 2024
Terms of Use: https://bioone.org/terms-of-use



	Acknowledgements
	References

