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Abstract Many phytoseiid species, including Phytoseiulus persimilis, are known to
engage in cannibalism when food is scarce and when there is no possibility to disperse. In
nature adult females of P. persimilis are known to disperse when prey is locally depleted.
Males, in contrast, are expected to stay and wait for potential mates to mature. During this
phase, males can obtain food by cannibalizing. Therefore, we hypothesize that male P. persimilis exhibit a higher tendency to cannibalize than females. Because rearing conditions
in the laboratory usually prevent dispersal, prolonged culturing may also affect cannibalistic behavior. We hypothesize that this should especially affect cannibalism by females,
because they consume far more food. We tested these hypotheses by comparing males and
females from two strains, one of which had been in culture for over 20 years, whereas the
other was recently collected from the field. It is known that this predator can discriminate
between kin and non-kin and prefers cannibalizing the latter, hence to construct lines with
high relatedness we created isofemale lines of these two original strains. We subsequently
tested to what extent the adult females and males of the original strains and the isofemale
lines cannibalized conspecific larvae from the same strain/line in a closed system. Relatedness with the victims did not affect cannibalistic behavior, but males engaged more often in
cannibalism than females, and females of the laboratory strain engaged more in cannibalism than those of the field strain, both in agreement with our ideas. We hypothesize that
the difference in cannibalism between the two genders will increase when they have the
alternative to disperse.
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Introduction
Cannibalism, the act of killing and consuming an individual of the same species, is a common phenomenon across the animal kingdom. It occurs in various taxa such as birds (Cain
et al. 1984), fish (Okuda and Yanagisawa 1996), frogs (Ringler et al. 2017), salamanders
(Takatsu and Kishida 2015), spiders (Bilde and Lubin 2001), insects (Tschinkel 1981) and
mites (Yao and Chant 1989). Animals prey on conspecifics mainly as a response to low
food densities (Fox 1975), but cannibalism is also affected by stress, kin competition or
mate competition and prey vulnerability (Fox 1975; Polis 1981; Pfennig 1997). Cannibalism can act as a life boat mechanism and result in species persistence when food is scarce
(van den Bosch et al. 1988). On the down side, cannibalism can result in injuries, pathogen
transmission and, in case the victim is a relative, in loss of inclusive fitness (Pfennig 1997).
Many mite species of the Phytoseiidae family are known for their cannibalistic behavior, and the cannibalistic stage commonly used in experiments is the gravid adult female
feeding on juveniles (Schausberger 2003). Females are often predicted to cannibalize more
than males, because they use more resources and require more protein for egg production;
reproduction is energetically costly (Harshman and Zera 2007). Many of the experiments
on cannibalism in phytoseiids are done in closed arenas, where cannibal and victim cannot escape. Hence, these experiments test for the possibility of cannibalism to occur rather
than assessing its importance under natural conditions where individuals can disperse. For
phytoseiids, this is essential because typical populations of predators and prey are shortlived, and end either by the host plant of the prey being overexploited or by the prey being
exterminated by the predators (Janssen and Sabelis 1992; Pels and Sabelis 1999). At the
end of this interaction period, the predators disperse in search of new prey patches. Adult
females disperse earlier than adult males and juvenile stages (Pels 2001); once inseminated, females need food to reproduce, and juveniles should become mature and mate
before dispersal. Consequently, males may delay their dispersal, waiting for new mates to
develop. In order to survive, males and juveniles can engage in cannibalism. In previous
experiments with predatory mites, we indeed observed much cannibalism by adult males
on larvae under conditions of low prey densities (Revynthi et al. submitted). Hence, we
postulate that males may have a higher tendency to cannibalize than females.
It is generally accepted that culturing organisms may result in changes in behavior, life
history and genetic variation (Mackauer 1976; Hopper et al. 1993), and these changes may
affect cannibalism (Dennehy et al. 2001). When rearing phytoseiids, dispersal is often
prevented by lethal (water) barriers to keep the mites contained. However, this results in
strong selection against dispersal behavior because individuals that try to disperse either
end up dead in some barrier, or lose time and possibly energy when attempting to escape.
It has been suggested that under conditions of laboratory cultures, higher cannibalism tendency is unintentionally selected for: due to space limitation, predators cannot disperse in
search of more food when the prey are temporarily eliminated (Elliot et al. 2002). Instead,
in response to the low food conditions, they may prey on their conspecifics. This would
suggest that laboratory strains have a higher tendency to cannibalize than strains in the
field (where the predators can disperse), and this would hold especially for adult females as
they need more food in order to produce offspring.
However, rearing for longer periods may also increase the relatedness among individuals, and it is known that phytoseiids tend to avoid kin-cannibalism (Schausberger and Croft
2001). This may result in lower rates of cannibalism in strains that have been in culture
for a longer period. For strains in the field we hypothesize that there is a bigger effect of
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relatedness on cannibalism rate: higher when cannibalizing among population members,
low when cannibalizing among family members.
In the present study we have tested whether a recently collected strain of the predatory
mite Phytoseiulus persimilis is more or less cannibalistic than a strain that has been in culture for more than 20 years. Several studies investigated the cannibalistic behavior of adult
females of this species (Yao and Chant 1989; Walzer and Schausberger 1999; Schausberger
and Croft 2001; Schausberger 2007; Schausberger and Hoffmann 2008), but not cannibalism by adult males. To test our hypotheses that males cannibalize more than females, we
investigated cannibalism in both males and females and tested whether males and females
of both strains differed in the tendency to cannibalize among members of the same strain
and among members of the same family.

Materials and methods
Plant and prey cultures
Lima beans (Phaseolus lunatus) were used as a host and were grown from seeds in a climate room (25 °C, 60% RH, 16L:8D) free of herbivores. The spider mites (Tetranychus
urticae) that were used as food for P. persimilis were originally collected from cucumber
plants in a commercial greenhouse in May 1994 (Pallini et al. 1997). They were reared on
lima bean plants in a walk-in climate room (26 °C, 60% RH, 16:8/L:D).

Predatory mites
Two strains of P. persimilis were used. One strain derived from Koppert Biological Systems (Berkel en Roderijs, The Netherlands) in 1994 and one from Alcamo in Sicily in 2014
(see Revynthi et al. submitted) have since been reared in our laboratory under identical
conditions. These two strains were chosen because we have information about their dispersal behavior (Pels and Sabelis 1999; Revynthi et al. submitted) and because we were interested in observing whether there were differences in the cannibalistic behavior between a
laboratory strain, i.e., Koppert, and a strain recently collected from the field, i.e., Alcamo.
The predators were kept in closed rearing cages, which allowed the predators to leave and
subsequently return to the prey patch (as described in Pels and Sabelis 1999) inside a climate room at 25 °C, 70% RH and 16L:8D photoperiod. To test for an effect of kinship, an
isofemale line of each strain was created by isolating a gravid female of P. persimilis from
the culture and introducing it individually in a separate rearing unit with prey (T. urticae).
The female and her offspring were allowed to reproduce and create a family for at least
3 months before the start of the experiments. Phytoseiulus persimilis has a generation time
of 7 days at 25 °C (Laing 1968; Sabelis 1981), therefore the period of 3 months results at
least in 12 generations of sib-mating. The strains and isofemale lines were fed 3× per week
by introducing two bean leaves (P. lunatus) infested with spider mites (T. urticae).
To obtain sufficient numbers of gravid females and males of the same age (2-day-old
adults), as well as larvae, cohorts were created as follows. Ten gravid female predatory
mites from each of the two strains and the two isofemale lines were placed on a spider
mite-infested bean leaf on a bed of water-saturated cotton wool in a Petri dish (14 cm diameter, 2 cm high). In this way, the leaves remained turgid for at least 10 days. The gravid
females were allowed to oviposit for 48 h, after which they were removed and only their
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eggs and prey were left on the leaves. The cohorts were kept in the same climate room as
the cultures.

Evaluation of cannibalistic behavior
To measure the cannibalistic tendency of the predatory mites in a closed system that did
not allow for dispersal, small plastic cups (2.8 cm diameter, 2.2 cm high) were used. Each
cup had a lid with a hole (12 mm diameter) covered with mite-proof gauze (80 μm mesh)
for ventilation. 48 h prior to the start of the experiment, males and gravid females from the
cohorts described above were individually isolated in a cup, which contained a bean leaf
disc (24 mm diameter) on water-saturated cotton wool. The predators did not receive any
food, hence were starved at the end of this period (48 h).
At the start of the experiment, three young predator larvae from the same culture as
the adult and from a cohort started 3 days earlier were transferred to a cup similar to those
described above. Subsequently, a starved adult predatory male or female was released in
the same cup; hence, adults and larvae originated from the same culture, but were produced
in separate cohorts. The predator was observed 5 min after its release and subsequently
every 15 min for a total period of 1 h. Every time the number of alive and consumed larvae
was recorded. Cannibalized larvae were recognized by the carcass from which the hemolymph was removed (Yao and Chant 1989). Replicates where a larva had molted to protonymph or died from natural causes were excluded. There were eight treatments, each with
30 replicates: non-kin female Koppert, non-kin male Koppert, non-kin female Alcamo,
non-kin male Alcamo, kin female Koppert, kin male Koppert, kin female Alcamo and kin
male Alcamo. In the ‘non-kin’ treatment, predators and larvae came from different cohorts
of the same main culture; in the ‘kin’ treatment, predators and larvae were from different
cohorts of the same isofemale line. The experiment was conducted in 12 blocks (days) and
each block contained all the treatments.

Statistical analysis
To estimate which of the two genders and/or strains engaged more often in cannibalism
and whether kinship affected their behavior a generalized linear mixed effect model with
a binomial error distribution was used (GLMER of the lme4 package; Bates et al. 2015).
Because on average only one cannibalistic event occurred during the observation period,
we analyzed the data as the occurrence of cannibalism. Thus, the response variable was a
binomial variable (cannibalism or not), gender, strain, kinship and their interactions were
the fixed factors and block was used as a random factor. The analysis was performed using
R v.3.3.3 (R Development Core Team 2017).

Results
Male predators engaged in cannibalism more often than females (Fig. 1; GLMER:
χ2 = 25.5, df = 1, P < 0.0001). The Koppert strain had more cannibals than the Alcamo
strain (GLMER: χ2 = 8.93, df = 1, P = 0.003). This was because females of the Koppert
strain cannibalized more than females of the Alcamo strain (GLMER, χ2 = 6.71, df = 1,
P = 0.0096), but cannibalism by males was not different (χ2 = 2.24, df = 1, P = 0.14).
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Fig. 1  Mean (± SE) proportions of adult males (black bars)
and females (grey bars) of two
strains (Alcamo and Koppert)
of Phytoseiulus persimilis that
cannibalized on related larvae
(kin; panel a) or unrelated larvae
(non-kin; panel b). Asterisks
indicate significant differences.
N = 30 for each bar

Kinship did not affect cannibalistic behavior (GLMER: χ2 = 0.032, df = 1, P = 0.86). None
of the interactions of factors was significant (all P > 0.20).

Discussion
We found that a laboratory strain (Koppert) had a higher tendency to cannibalize than a
field strain (Alcamo), confirming the suggestion that higher cannibalism tendency is unintentionally selected for under conditions of laboratory cultures (Dennehy et al. 2001; Elliot
et al. 2002). Our results, however, show high levels of cannibalism in a field strain. Moreover, the difference in cannibalistic tendency between the strains was small.
Earlier studies have focused on the voracity of cannibalistic females of P. persimilis
(Walzer and Schausberger 1999) and their ability to discriminate between kin and non-kin
(Schausberger and Croft 2001). To the best of our knowledge, this is the first time that the
cannibalistic behavior of male predators of P. persimilis was investigated showing that the
males of two strains were more prone to cannibalize than gravid females, regardless of
relatedness with the victims.
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Predatory mites that had been in culture for a long period had a significantly higher
tendency to cannibalize than a recently collected strain of the same species. Interestingly,
males cannibalized significantly more than females. This difference is probably caused by
differences in the behavior of males and females: whereas females search for prey, males
search for conspecifics to mate. However, there is an alternative explanation for the differences in the cannibalistic behavior of males and females, which is based on asymmetries in relatedness with offspring. Inclusive fitness theory (Hamilton 1964a, b; Gardner
et al. 2011) suggests that evolution will favor the individuals that are able to recognize
relatives and avoid cannibalizing them, regardless the gender (Pfennig 1997). In haplodiploid systems, however, differences are expected between the genders due to the difference
in relatedness with the victim between male and female cannibals. Phytoseiid mites are
pseudo-arrhenotokous (Schulten 1985): males and females both derive from fertilized
eggs but only the females remain diploid and carry both maternal and paternal chromosomes (McMurtry et al. 1970). Males lose the paternal set of chromosomes shortly after
syngamy (Helle et al. 1978; Sabelis and Nagelkerke 1988). Hence, in these predators, the
adult female is expected to suffer a fitness cost from cannibalizing any of her offspring
because each offspring carries one set of her genes, whereas the adult male only contributes genetically to daughters, and therefore does not suffer from cannibalizing on sons of
his mate. Thus it can be hypothesized that gravid adult females are less prone to cannibalism than males, despite their higher energy requirements. We also expect that males would
specifically cannibalize other, immature males, because this reduces future competition for
mates, and by letting female immatures live, they increase the chance on a future mate.
This remains to be tested.
We found no effect of kinship on cannibalism, suggesting that when cannibals do not
have a choice between kin and non-kin victims, the decision to cannibalize is not affected
by the degree of relatedness with the potential victims. Hence, this suggests that no
inbreeding effects occurred in the strain that had a long history of being cultured or that
inbreeding did not affect the tendency to cannibalize. To our best knowledge, inbreeding
effects in P. persimilis are absent unless long periods of strong inbreeding are invoked (Poe
and Enns 1970). This is common for haplodiploid species, where selection against recessive alleles always acts on the haploid males and the frequency of such alleles therefore
remains low, except for genes that specifically code for female traits such as egg production (Tien et al. 2015). We also did not observe population declines or any other adverse
effects of inbreeding in either of the two isofemale lines. The isofemale lines were started
with one female of each strain. This female was therefore potentially not representative for
the entire population. For example, it could have had a higher genetic tendency for cannibalism. This would then have resulted in less variation in the cannibalistic behavior in the
isofemale lines than in the original lines, because those mites are genetically fixed whereas
the original lines were genetically more diverse. However, we found no such difference in
variation in the cannibalistic behavior between strains and lines.
Several studies have focused on kin recognition in phytoseiid mites (Faraji et al. 2000;
Schausberger and Croft 2001), but also in other animal taxa (Pfennig 1997; Bilde and
Lubin 2001; Parsons et al. 2013; Bayoumy and Michaud 2015; Ringler et al. 2017). In the
spider species Stegodyphus lineatus cannibalism was lower in groups where all the individuals were kin than in mixed groups of kin and non-kin (Bilde and Lubin 2001). Bayoumy
and Michaud (2015) showed that females of the Coleoptera species Hippodamia convergens discriminate between filial and non-filial egg clusters and preferentially cannibalize
the latter. Schausberger and Croft (2001) show that P. persimilis is able to discriminate
between kin and non-kin larvae and preferred to cannibalize the latter. Even though our
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study was not focused on kin discrimination of P. persimilis, we explored whether the level
of relatedness with the prey could have affected cannibalistic behavior. The lack of variation between the kin and non-kin treatment does not contradict earlier reports of kin discrimination in this species (Schausberger and Croft 2001; Schausberger 2004) because we
did not offer the cannibals a choice between kin and non-kin victims.
In natural settings, the predators can opt out of cannibalizing by dispersing away from
the patch without prey and search for a new prey patch. For the two strains used here, we
have information about their dispersal behavior (Pels and Sabelis 1999; Revynthi et al. submitted). In wind tunnel experiments, both strains showed a tendency to disperse only after
heterospecific prey were depleted, showing the so-called ‘killer’ strategy of prey exploitation (van Baalen and Sabelis 1995). Theoretical work on the evolution of cannibalism and
predator dispersal predicts that predators with the ‘killer’ strategy are selected for higher
cannibalistic tendency (Pels 2001). Given the variation for this prey exploitation behavior
(Pels and Sabelis 1999; Revynthi et al. submitted), we argue that there may also be variation in cannibalistic tendency among natural populations of P. persimilis. Future research
should explore whether the two genders will show similar behavior as observed in this
study when they have the option to disperse.
Acknowledgements We want to thank Joren Bruggink for conducting pilot experiments in order to optimize the experimental procedure.
Funding This study was funded by the European Regional Development Fund (ERDF) Green Innovation
Cluster VP4.
Compliance with ethical standards
Conflict of interest

The authors declare that they have no conflict of interest.

Data availability Data will become available in Dryad upon acceptance of the manuscript.
Ethical approval All applicable international, national, and/or institutional guidelines for the care and use
of animals were followed.
Informed consent Informed consent was obtained from all individual participants included in the study.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if changes were made.

References
Bates D, Mächler M, Bolker B, Walker S (2015) Fitting linear mixed-effects models using lme4. J Stat
Softw 67:1–48. https://doi.org/10.18637/jss.v067.i01
Bayoumy MH, Michaud JP (2015) Egg cannibalism and its life history consequences vary with life stage,
sex, and reproductive status in Hippodamia convergens (Coleoptera: Coccinellidae). J Econ Entomol
108:1665–1674. https://doi.org/10.1093/jee/tov148
Bilde T, Lubin Y (2001) Kin recognition and cannibalism in a subsocial spider. J Evol Biol 14:959–966.
https://doi.org/10.1046/j.1420-9101.2001.00346.x

13

246

Exp Appl Acarol (2018) 74:239–247

Cain JR, Weber JM, Lockamy TA, Creger CR (1984) Grower diets and bird density effects on growth and
cannibalism in ring-necked pheasants. Poult Sci 63:450–457
Dennehy JJ, Robakiewicz P, Livdahl T (2001) Larval rearing conditions affect kin-mediated cannibalism in
a treehole mosquito. Oikos 95:335–339
Elliot SL, Sabelis MW, Adler FR (2002) Virulence management in biocontrol agents. In: Dieckmann U,
Metz JAJ, Sabelis MW, Sigmund K (eds) Adaptive dynamics of infectious diseases: in pursuit of virulence management. Cambridge University Press, Cambridge, pp 448–459
Faraji F, Janssen A, Van Rijn PCJ, Sabelis MW (2000) Kin recognition by the predatory mite Iphiseius
degenerans: discrimination among own, conspecific, and heterospecific eggs. Ecol Entomol 25:147–
155. https://doi.org/10.1046/j.1365-2311.2000.00240.x
Fox LR (1975) Cannibalism in natural populations. Annu Rev Ecol Syst 6:87–106. https://doi.org/10.1146/
annurev.es.06.110175.000511
Gardner A, West SA, Wild G (2011) The genetical theory of kin selection. J Evol Biol 24:1020–1043
Hamilton WD (1964a) The genetical evolution of social behaviour. I. J Theor Biol 7:1–16. https://doi.
org/10.1016/0022-5193(64)90038-4
Hamilton WD (1964b) The genetical evolution of social behaviour. II. J Theor Biol 7:17–52. https://doi.
org/10.1016/0022-5193(64)90039-6
Harshman LG, Zera AJ (2007) The cost of reproduction: the devil in the details. Trends Ecol Evol 22:80–
86. https://doi.org/10.1016/j.tree.2006.10.008
Helle W, Bolland HR, Van Arendonk R, et al (1978) Genetic evidence for biparental males in haplodiploid
predator mites (Acarina: Phytoseiidae). Genetica 493:165–171
Hopper KR, Roush RT, Powell W (1993) Management of genetics of biological-control introductions. Annu
Rev Entomol 38:27–51
Janssen A, Sabelis MW (1992) Phytoseiid life-histories, local predator-prey dynamics, and strategies for
control of tetranychid mites. Exp Appl Acarol 14:233–250. https://doi.org/10.1007/BF01200566
Laing JE (1968) Life history and life table of Phytoseiulus persimilis Athias-Henriot. Acarologia
10:578–588
Mackauer M (1976) Genetic problems in the production of biological control agents. Annu Rev Entomol
21:369–385
McMurtry JA, Huffaker CB, van de Vrie M (1970) Ecology of tetranychid mites and their natural enemies: a
review: I. Tetranychid enemies: their biological characters and the impact of spray practices. Hilgardia
40:331–390. https://doi.org/10.3733/hilg.v40n11p331
Okuda N, Yanagisawa Y (1996) Filial cannibalism in a paternal mouthbrooding fish in relation to mate
availability. Anim Behav 52:307–314. https://doi.org/10.1006/anbe.1996.0176
Pallini A, Janssen A, Sabelis MW (1997) Odour-mediated responses of phytophagous mites to conspecific
and heterospecific competitors. Oecologia 110:179–185
Parsons W, Zhong W, Rudolf VHW (2013) Mating status and kin recognition influence the strength of cannibalism. Anim Behav 85:365–369. https://doi.org/10.1016/j.anbehav.2012.11.006
Pels B (2001) Evolutionary dynamics of dispersal in predatory mites. Dissertation, University of Amsterdam
Pels B, Sabelis MW (1999) Local dynamics overexploitation and predator dispersal in an acarine predatorprey system. Oikos 86:573–583
Pfennig DW (1997) Kinship and cannibalism. Bioscience 47:667–675. https://doi.org/10.2307/1313207
Poe S, Enns W (1970) Effects of inbreeding on closed populations of predaceous mites (Acarina: Phytoseiidae). Can Entomol 102:1222–1229
Polis GA (1981) The evolution and dynamics of intraspecific predation. Annu Rev Ecol Syst 12:225–251
R Development Core Team. (2017) R: a language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0. http://www.R-project.org/
Revynthi AM, Egas M, Janssen A, Sabelis MW (submitted) Prey exploitation and dispersal strategies vary
among natural populations of a predatory mite
Ringler E, Barbara Beck K, Weinlein S et al (2017) Adopt, ignore, or kill? Male poison frogs adjust parental
decisions according to their territorial status. Sci Rep 7:43544. https://doi.org/10.1038/srep43544
Sabelis MW (1981) Biological control of two-spotted spider-mites using phytoseiid predators. Part I. PhD
dissertation, Department of Entomology, Wageningen University, Wageningen, The Netherlands
Sabelis MW, Nagelkerke CJ (1988) Evolution of pseudo-arrhenotoky. Exp Appl Acarol 4:301–318. https://
doi.org/10.1007/BF01196192
Schausberger P (2003) Cannibalism among phytoseiid mites: a review. Exp Appl Acarol 29:173–191. https
://doi.org/10.1023/A:1025839206394
Schausberger P (2004) Ontogenetic isolation favours sibling cannibalism in mites. Anim Behav 67:1031–
1035. https://doi.org/10.1016/j.anbehav.2003.10.006

13

Exp Appl Acarol (2018) 74:239–247

247

Schausberger P (2007) Kin recognition by juvenile predatory mites: prior association or phenotype matching? Behav Ecol Sociobiol 62:119–125. https://doi.org/10.1007/s00265-007-0444-9
Schausberger P, Croft BA (2001) Kin recognition and larval cannibalism by adult females in specialist predaceous mites. Anim Behav 61:459–464. https://doi.org/10.1006/anbe.2000.1611
Schausberger P, Hoffmann D (2008) Maternal manipulation of hatching asynchrony limits sibling cannibalism in the predatory mite Phytoseiulus persimilis. J Anim Ecol 77:1109–1114. https://doi.org/10.111
1/j.1365-2656.2008.01440.x
Schulten GGM (1985) Pseudo-arrhenotoky. In: Helle W, Sabelis MW (eds) Spider mites, their biology, natural enemies and control 1B. Elsevier, Amsterdam, pp 67–71
Takatsu K, Kishida O (2015) Predator cannibalism can intensify negative impacts on heterospecific prey.
Ecology 96:1887–1898. https://doi.org/10.1890/14-1616.1
Tien NSH, Sabelis MW, Egas M (2015) Inbreeding depression and purging in a haplodiploid: gender-related
effects. Heredity 114:327–332
Tschinkel WR (1981) Larval dispersal and cannibalism in a natural population of Zophobas atratus (Coleoptera: Tenebrionidae). Anim Behav 29:990–996. https://doi.org/10.1016/S0003-3472(81)80052-8
van Baalen M, Sabelis MW (1995) The milker-killer dilemma in spatially structured predator-prey interactions. Oikos 74:391–400
van den Bosch F, de Roos AM, Gabriel W (1988) Cannibalism as a life boat mechanism. J Math Biol
26:619–633. https://doi.org/10.1007/BF00276144
Walzer A, Schausberger P (1999) Cannibalism and interspecific predation in the phytoseiid mites Phytoseiulus persimilis and Neoseiulus californicus: predation rates and effects on reproduction and juvenile
development. Biocontrol 43:457–468. https://doi.org/10.1023/A:1009980401662
Yao DS, Chant DA (1989) Population growth and predation interference between two species of predatory
phytoseiid mites (Acarina: Phytoseiidae) in interactive systems. Oecologia 80:443–455. https://doi.
org/10.1007/BF00380065

13

