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Abstract

Phoresy is a passive transportation behavior where one organism (phoront) disperses to a new location by attaching to
another organism. Pseudoscorpions are arthropod predators that mainly live in soil, subterranean habitats, and under tree
bark. Some species also live in animal nests and engage in phoresy on small mammals, suggesting close associations with
these animals. However, the relationship between phoretic pseudoscorpions and hosts as well as the ecological significance
of phoresy remain largely unexplored. Here, to understand the function of phoresy of Megachernes ryugadensis, phoretic on
small mammals, their phoretic behavior was investigated in a deciduous forest in northern Japan; individual-level dynamics
of phoresy were examined by over 3-year mark-recapture surveys that concurrently marked the host and phoront; and host
characteristics, such as sex and age class, were analyzed based on a 2-year small mammal trapping survey. The primary host
species was the abundant Japanese wood mouse Apodemus speciosus. Out of 132 pseudoscorpions marked, 5 were recaptured
approximately 1 month later. No pseudoscorpions were recaptured within the same census period (3—4 days) when they were
marked, indicating that phoresy events last less than one night, and pseudoscorpions are unlikely to engage in phoresy again
within a few weeks of their initial engagement. Furthermore, analysis of host characteristics revealed a tendency for female
mice and adult individuals to have a higher probability of being hosts compared with males and subadults, respectively.
Based on the findings in this and previous studies, the function of phoresy in this species is discussed.
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Introduction by various animals, including nematodes, mollusks, insects,

and arachnids (White et al. 2017; Bartlow and Agosta 2021).

Dispersal, the movement of an organism to a new habitat for
reasons such as finding a mate, obtaining food, or avoiding
competition and interbreeding, has ecological and evolution-
ary implications, influencing population dynamics, distribu-
tion patterns, and genetic connectivity (Bowler and Benton
2005). Phoresy, a type of passive transportation, involves
one organism (phoront, usually small with limited mobility)
dispersing to a new location by attaching to another organ-
ism (host) (Bartlow and Agosta 2021). Phoresy is employed
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Among arachnids, phoresy is particularly common in mites
(Barton et al. 2014; Keum et al. 2016) and pseudoscorpions
(Muchmore 1971; Poinar et al. 1998).

Pseudoscorpions, belonging to the class Arachnida and
order Pseudoscorpiones (Harvey 2013), are predacious
arthropods with over 4000 described species found world-
wide, except in Antarctica [World Pseudoscorpiones Cata-
log (WPC) 2022]. However, our understanding of pseu-
doscorpion biology is still limited (Murienne et al. 2008;
Harvey et al. 2012; Tapia-Ramirez et al. 2022). Although
pseudoscorpions primarily live in soil, subterranean habi-
tats, and under tree bark, they have been found in the nests
of small mammals, birds, bumblebees, and in bat guano
in caves, indicating close associations with these animals
(Levi 1953; Weygoldt 1969; Zeh and Zeh 1992a; Francke
and Villegas-Guzman 2006; Tizo-Pedroso and Del-Claro
2007; Hlebec et al. 2023a, b). Some pseudoscorpion spe-
cies have been observed engaging in phoresy on small
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mammals and various arthropods including insects,
hypothesized that such a relationship may provide the
following benefits: prey opportunities, e.g., ectoparasites
in host fur (phagophily); access to new habitats; avoid-
ance of predation on offspring, intraspecific competition,
and inbreeding; and finding mates and breeding sites (as
reviewed by Poinar et al. 1998). However, the significance
of phoresy for pseudoscorpions remains largely unknown
owing to a lack of fundamental ecological information
about their habits.

The genus Megachernes in the family Chernetidae
includes several species suggested to be commensal and
phoretic with small mammals (Durden 1991; Harvey et al.
2012). Megachernes ryugadensis Morikawa 1954, first col-
lected from bat guano in a cave in Kochi, Japan, is one of
the largest pseudoscorpions in Japan (Morikawa 1954). It
has been observed performing phoresy on forest-dwelling
rodents and moles. A recent study based on a 2-year small
mammal trapping survey reported the phoretic behavior of
M. ryugadensis as follows (Okabe et al. 2020): (1) the large
Japanese wood mouse Apodemus speciosus was the most
frequently observed host species, being the most abundant
in the study site; (2) tritonymphs, as well as adult male and
female pseudoscorpions, were observed as phoronts; (3)
females with a brood sac were phoretic throughout the year,
although the percentage fluctuated seasonally; and (4) little
seasonality was observed in the phoretic ratio (number of
individual mammals with attached pseudoscorpions divided
by the number of individual mammals captured in each cen-
sus). The primary function of phoresy in M. ryugadensis
remains unclear, with Okabe et al. (2020) excluding the
possibility of phagophily because M. ryugadensis clings to
the host with pedipalps, making prey capture challenging.
Instead, Okabe et al. (2020) suggested that the primary func-
tion of phoresy is to disperse to a new habitat. However,
the specific demands driving the phoretic behavior of M.
ryugadensis remain unknown.

Dispersal to a new habitat is likely to be triggered by
reasons, such as escaping from habitat degradation, avoiding
intraspecific competition or predation on offspring, search-
ing for mates and breeding sites, and avoiding inbreeding. To
evaluate the validity of these possibilities, a deeper under-
standing of the phoretic behavior is needed. For instance, it
has not been clarified for M. ryugadensis whether the same
individual performs phoresy multiple times in its lifetime,
but this information is important in examining the purpose
of phoresy in this species. Furthermore, if the same individ-
ual performs phoresy multiple times, how often or at what
intervals does it initiate phoresy? If dispersal by phoresy of
this species is due to habitat degradation or avoiding com-
petition or predation, phoresy may not be repeated in a short
period of time. These questions have not been investigated
at all in pseudoscorpions phoretic with small mammals. To
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answer them, it is necessary to examine the phoretic behav-
ior of this species at the individual level.

In the present study, to elucidate the phoretic behavior
of M. ryugadensis at the individual level, we conducted a
mark-recapture survey that concurrently marked hosts and
phoronts. Additionally, host characteristics, i.e., sex and age
class (adult or subadult), were analyzed using data obtained
from a 2-year small mammal trapping survey (Okabe et al.
2020) to identify specific tendencies in host-phoront asso-
ciations under natural conditions. Using these assessments,
we aimed to provide insights into the function of phoretic
behavior in pseudoscorpions associated with small mammals.

Materials and methods
Study site and species selection

Field surveys were conducted at the Takizawa Research For-
est of Iwate University, Morioka, Iwate, Japan (39° 47" N,
141° 09" E, approximately 200 m a.s.1.), a secondary decidu-
ous forest dominated by Quercus serrata (Fagaceae). Five
small mammal species were recorded at this site (Okabe
et al. 2020): the large Japanese wood mouse (A. speciosus),
the small Japanese wood mouse (Apodemus argenteus),
Anderson’s red-backed vole (Eothenomys andersoni), the
Japanese white-toothed shrew (Crocidura dsinezumi), and
the Japanese shrew mole (Urotrichus talpoides). Among
these species, A. speciosus was the most abundant, with
densities of 24.1-248.1 individuals/ha during the continu-
ous trapping survey period in 2016-2017.

The field surveys consisted of two parts. First, a continu-
ous trapping survey was conducted in 2016 and 2017. Some
results from this survey, including the phoretic ratio and
phoront characteristics, were previously published by Okabe
et al. (2020). However, in the present study, a new analysis
of host characteristics was performed using the same dataset.
Given that the majority of hosts observed in this survey were
A. speciosus, probably due to its high density compared to
other species (373 out of 381 phoretic events; Okabe et al.
2020), our analyses focused only on cases where A. spe-
ciosus was the host. The second part was a mark-recapture
survey conducted on four occasions between 2019 and 2021.

Megachernes ryugadensis (Fig. 1) is a relatively large pseu-
doscorpion species, having an adult body length of approxi-
mately 3—5 mm (Morikawa 1954). Limited field ecological
information is available, but the species is believed to primar-
ily feed on small arthropods (Harvey et al. 2012). The pres-
ence of M. ryugadensis in the nests and fur of small mammals,
as well as its predation on mammalian ectoparasites (such as
ticks and mites) in captivity, suggests a potential mutualis-
tic relationship with host animals (Okabe et al. 2018). In a
preliminary survey, more than 50 M. ryugadensis individuals
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Fig. 1 Images of the pseu-

doscorpion Megachernes a
ryugadensis. a An adult pseu-

doscorpion. b A pseudoscor-

pion clinging to a Japanese

wood mouse (Apodemus

speciosus). The arrow indicates

the pseudoscorpion, which has

been marked with a white paint

marker)

were found in a nest of A. speciosus at the study site (T. Shi-
mada, personal observation), indicating that small mammal
nests may serve as the primary habitat for this species.

Apodemus speciosus is a small rodent with an adult body
mass of approximately 20-50 g (Ohdachi et al. 2015) that
is widely distributed in forests and grasslands in Japan.
It occupies the ground surface and shallow underground
areas, using tunnels created by itself and other animals. For
breeding, the species constructs underground ball-shaped
nests made of fallen leaves. The emergence of young mice
in this region is most common in spring (April-May) and
fall (October—November). Apodemus speciosus is primar-
ily omnivorous or granivorous, with foraging items vary-
ing seasonally (Tatsukawa and Murakami 1976; Sato et al.
2018, 2019). The species is known to hoard seeds in nests
or temporary caches for future use (Shimada 2001; Shimada
et al. 2015; Yoshikawa 2023). All procedures involving live
animals followed the guidelines for obtaining mammal spec-
imens approved by the Mammal Society of Japan.

Continuous trapping survey

We conducted censuses of small mammals, mainly tar-
geting wood mice (A. speciosus and A. argenteus), using
Sherman-type live traps. The trapping took place during
alternate weeks between April and November in 2016 and
2017. Each census involved setting 106 traps on the ground,
spaced at 10 m intervals in a grid pattern, for three con-
secutive nights over a fixed study site measuring 0.54 ha
(90x 60 m). Captured animals were individually identified
by toe-clipping, and species, sex, and body weight were
recorded. Age class (adult or subadult) of each individual
was determined based on its body weight as follows. Individ-
uals born in the most recent breeding season that had not yet
reached sexual maturity were defined as subadults. To clas-
sify these individuals, we used a weight threshold of 25 g
following Murakami (1974), with those weighing>25 g
classified as adults and those weighing <25 g classified as
subadults. During the 2016 censuses, when phoretic pseu-
doscorpions were observed gripping the hair of host mam-
mals with their chelae on the first or second day of sampling,

we recorded the identification (ID) of the host animal and
the number of pseudoscorpions on each host. The host mice
were then released, leaving the phoronts attached to them.
On the third and final day of sampling, we carefully removed
the pseudoscorpions from the hosts using forceps. In the
2017 censuses, when phoretic pseudoscorpions were found,
we recorded the ID of the host animal and the number of
phoronts on each host, removing them from the hosts daily.
The phoretic ratio was calculated as the number of individ-
ual mice found with attached pseudoscorpions at least once
within each census relative to the total number of individual
mice captured in each census.

Mark-recapture survey

To examine the phoretic behavior of M. ryugadensis at the
individual level, we conducted mark-recapture surveys.
Small mammals were individually identified upon capture,
as in the continuous trapping survey. Phoretic pseudoscorpi-
ons were marked with 11 different colored permanent mark-
ers, of which one or two colors were used for a single indi-
vidual (Magic Ink Paint, Teranishi Chemical Industry Co.,
Ltd., Osaka, Japan): a spot of single color was applied on the
posterior part of dorsal surface for the first 11 individuals
for each of the survey periods (Fig. 1), while two spots of
different colors were applied side by side for the 12th and
later ones. When applying two spots, we selected as differ-
ent hues as possible among the 11 colors. Paint was applied
using the head of an insect pin with the target individual
keeping attached to the host. Photographs of the marked
pseudoscorpions were taken immediately after marking to
use for individual identification. The colors and shapes of
the markings allowed us to distinguish them when they were
recaptured. The paint spots were tiny and dried quickly, and
the preliminary test on three captive individuals confirmed
that the spots did not have negative effects on the behav-
ior or survival of marked pseudoscorpions, as they seem-
ingly moved without any difficulty and were confirmed to
have survived at least 3 months. Although their markings
had worn off a little, they remained distinguishable at least
4 weeks.
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The mark-recapture surveys were conducted four times
between 2019 and 2021 (Table 1). These surveys were con-
ducted during periods of high mouse density and phoretic
ratios according to past observations, with the aim of obtain-
ing as many marked pseudoscorpions as possible. The trap-
ping procedures for each census were the same as those used
in the continuous trapping surveys. However, each census
of this survey lasted 3—4 consecutive nights, with intervals
between censuses of 25 or 26 days for the first three censuses
and 12 days for the last one. We identified the developmental
stage of the marked pseudoscorpions but could not deter-
mine the sex in the field. If a marked pseudoscorpion was
found, the host ID and the capture location were recorded.
The recaptured pseudoscorpion was then removed from the
host using forceps and brought back to the laboratory for
ID verification by checking against photographs and for sex
identification under a stereomicroscope.

Host characteristics

To analyze the host characteristics determining which types
of individual mice were used as hosts by pseudoscorpions,
a generalized linear mixed model (GLMM) was employed.
The analysis used data obtained from the continuous trapping

Table 1 Mark-recapture survey schedule and the number of marked
pseudoscorpions

Initial census Following census Interval (days)

1 16-18/10/2019 (5)
2 9-12/6/2020 (10)

3 13-15/10/2020 (22)
4 18-20/5/2021 (50)

12-14/11/2019 (11) 25
7-10/7/2020 (12) 25
10-12/11/2020 22) 26
1-3/6/2021 (0) 12

Numbers in parentheses indicate the number of marked pseudoscorpi-
ons in each census

survey. The response variable was a binary variable indicat-
ing whether or not each wood mouse became a host during
each census. A binomial error and logit-link function were
applied. The explanatory variables included the sex and age
class of each mouse and the month of each census. The survey
year was also included as a random effect. The significance
of the model was assessed using a likelihood ratio test, with
the model lacking explanatory variables serving as the null
hypothesis (a¢=0.05). In this analysis, events in each census
were treated as independent, even for wood mice captured mul-
tiple times throughout the study period. All statistical analyses
were conducted using the glmmML package implemented in
R version 4.2.2 (R Core Team 2022).

Results

The average number of phoretic pseudoscorpions per host
was 1.76 +2.03 S.D. during the mark-recapture surveys. A
total of 132 pseudoscorpions, including 3 tritonymphs, were
marked during the surveys. Out of these, 125 were found
clinging to 70 A. speciosus, 6 to 4 A. argenteus, and 1 to
1 U. talpoides. Five of the marked pseudoscorpions were
recaptured, all of which were found on adult A. speciosus; 4
out of 5 recaptured pseudoscorpions were adult female, and
the rest was adult male (Table 2). Among these hosts, 36
A. speciosus and 2 A. argenteus were recaptured within the
same census period (3—4 days), but no pseudoscorpions were
recaptured within the period in which they had been marked.
In the first three census periods (Table 1), with intervals
of 25 or 26 days between censuses, 82 pseudoscorpions
were marked, and 5 were recaptured. Conversely, in the last
census period, with a 12-day interval between censuses, 50
pseudoscorpions were marked, but none were recaptured. Of
the five recaptured pseudoscorpions, one was found on the
same host (male A. speciosus), whereas the other four were

Table 2 Details of the five

5 Pseudoscorpion Date Host species ~ Host ID, sex, age class  Distance (m)*
recaptured pseudoscorpions and ID and sex
their host animals
ps5 (female) Initial capture 17/10/2019  A. speciosus 3 m, male, adult
Recapture 13/11/2019  A. speciosus 3 m, male, adult 44.7
ps25 (female) Initial capture  10/6/2020 A. speciosus 67 m, male, adult
Recapture 8/7/2020 A. speciosus 60f, female, adult 31.6
Pps26 (male) Initial capture  11/6/2020 A. speciosus 38 m, male, adult
Recapture 7/7/2020 A. speciosus 66f, female, adult 31.6
ps46 (female) Initial capture  13/10/2020  A. speciosus 104 m, male, adult
Recapture 11/11/2020  A. speciosus 38f, female, adult 0.0
ps56 (female) Initial capture ~ 14/10/2020  A. speciosus 24 m, male, adult
Recapture 11/11/2020  A. speciosus 87 m, male, adult 224

*Distance indicates the distance between the initial capture and recapture locations
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discovered on different host individuals. Among these four,
three were marked on male mice and recovered from female
mice, and the remaining pseudoscorpion was marked and
recaptured from different male mice. The distance between
the initial capture and recapture locations was 0—44.7 m.

During the continuous trapping survey, 1982 A. speciosus
were captured, with 373 individuals carrying pseudoscor-
pions (mean phoretic ratio: 18.8%). Table 3 shows the cap-
tured A. speciosus count, the number of mice carrying pseu-
doscorpions (hosts), and the phoretic ratio for each month.
The phoretic ratio remained relatively stable throughout the
study period (April-November) but showed a tendency to
decrease in August and November. However, there were no
significant differences in phoretic ratios between months or
years (two-way ANOVA; month, F(7, 7)=1.14, P=0.433;
year, F(1, 7)=2.30, P=0.173). Female mice exhibited a
higher mean phoretic ratio (21.8%; 200 out of 919) com-
pared with males (16.3%; 173 out of 1063; Fig. 2), and
adults had a higher mean phoretic ratio (20.4%; 352 out
of 1723) compared with subadults (8.1%; 21 out of 259;
Fig. 3). The results of the GLMM analysis of host charac-
teristics supported these observations (Table 4). The prob-
ability of being a host was higher for female and adult mice
compared male and subadult mice, respectively. Seasonal
comparisons revealed a lower likelihood of phoresy occur-
ring in August compared with other months. The likelihood
ratio test rejected the null hypothesis; hence, the proposed
model was adopted (difference in deviance =61.8, df=9,
p<0.001).

Table 3 Seasonal changes in the phoretic ratio between the Japanese
wood mouse Apodemus speciosus (host) and the pseudoscorpion
Megachernes ryugadensis (phoront)

Year Month Total number of Number of Phoretic

wood mice captured hosts ratio
(%)

2016 April 90 9 10.0
2016 May 240 33 13.8
2016 June 191 41 21.5
2016 July 177 35 19.8
2016 August 158 18 11.4
2016 September 136 32 235
2016 October 78 16 20.5
2016 November 133 21 15.8
2017 April 89 27 30.3
2017 May 102 30 294
2017 June 143 41 28.7
2017 July 116 20 17.2
2017 August 123 14 11.4
2017 September 35 8 22.9
2017 October 71 17 23.9
2017 November 100 11 11.0
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Fig.2 Phoretic ratios between the Japanese wood mouse Apodemus
speciosus (host) and the pseudoscorpion Megachernes ryugadensis
(phoront): comparison between host sexes

Discussion
Recapture probability of M. ryugadensis

The recapture probability of M. ryugadensis was low, with
only 5 out of 132 individuals being recaptured. This could
be due to three factors: (1) a high mortality rate among pseu-
doscorpions, (2) infrequent phoretic behavior resulting from
long intervals between phoresies or a small proportion of indi-
viduals engaging in repeated phoresy, and (3) low detection
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Fig.3 Phoretic ratios between the Japanese wood mouse Apodemuis
speciosus (host) and the pseudoscorpion Megachernes ryugadensis
(phoront): comparison between host age classes
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Table 4 Results of GLMM analyzing the relationship between host
traits and the occurrence of phoresy by the pseudoscorpion Megach-
ernes ryugadensis

Factor Estimate SE z P
(Intercept) —1.148 0.217 —5.289 <0.001
Sex (male) -0.299 0.118 —2.545 0.011
Age (subadult) -1.126 0.246 —4.573 <0.001
Month 5 -0.013 0.237 —0.053 0.958
Month 6 0.290 0.228 1.270 0.204
Month 7 -0.142 0.241 —0.589 0.556
Month 8 —0.745 0.267 —2.795 0.005
Month 9 0.158 0.265 0.597 0.550
Month 10 0.343 0.279 1.229 0.219
Month 11 -0.199 0.272 -0.730 0.466

probability of phoretic pseudoscorpions despite repeated phor-
esy. Considering that the recapture probability of A. speciosus
within the same census period was high (>50%) and M. ryu-
gadensis is easily visible due to its large size, it is unlikely that
the low detection probability of phoretic pseudoscorpions is
the main reason. Additionally, if the low recapture probability
was due to high mortality, it would not explain why recaptured
individuals were found only in the mark-recapture surveys con-
ducted with 1-month intervals, and none were recaptured in
the surveys with shorter intervals. Therefore, the most likely
explanation is the low frequency of phoresy.

The mark-recapture method with individual identification
has been applied to various animal groups, including insects,
fish, birds, and mammals, to study individual behavior and
estimate population size. In the case of pseudoscorpions, Zeh
and Zeh (1992a, b, ¢, d) used this method on Cordylochernes
scorpioides, a pseudoscorpion species that attaches to the elytra
of harlequin beetles (Acrocinus longimanus), and revealed their
phoretic and reproductive behaviors. Although there have been
no other studies using the mark-recapture method on pseu-
doscorpions, the present study demonstrates the effectiveness of
marking both the host and phoront simultaneously as a method
for understanding phoretic behavior.

Characteristics of M. ryugadensis phoresy

Using the mark-recapture method, this study revealed new
aspects of the phoretic behavior of M. ryugadensis. First, it was
observed that individual pseudoscorpions can engage in phor-
esy more than once in their lifetime, although this may not be
true for all individuals. Second, all recaptured pseudoscorpions
were found on A. speciosus approximately 1 month later, and
none were recaptured within the same census period in which
they were marked. Although the mark-recapture surveys were
conducted at different intervals between censuses (Table 1), no
pseudoscorpions were recaptured in the census with the 12-day
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interval. These findings suggest that a single phoretic event lasts
for a short duration, possibly within a night, and it is unlikely
that a pseudoscorpion will engage in phoresy again within a
few weeks of its first phoresy event. Wood mice are noctur-
nal and typically leave their nests or roosts at dusk, returning
at dawn, although not always to the same location (Ohdachi
et al. 2015; Oishi et al. 2018). Therefore, it can be inferred that
pseudoscorpions may attach to mice in their nests or roosts and
detach during the mice’s nocturnal activities or when they reach
their next location.

Among the five recaptured pseudoscorpions, four were
found on different host individuals, suggesting that M. ryu-
gadensis can change its habitat through phoresy, traveling to
the nest or roost of a different individual mouse. It is unclear
whether host switching occurs through direct contact between
mice or through sharing of nests and roosts. Nonetheless, host
switching increases the probability of pseudoscorpions reach-
ing new habitats.

Certain tendencies were observed regarding wood mice as
hosts of M. ryugadensis. Female mice had a higher probability
of being hosts compared with males, and adults had a higher
probability of being hosts compared with subadults. However,
as M. ryugadensis exhibits phoretic behavior in response to
even a piece of fur placed before them (Okabe et al. 2020), it
is unlikely that they have a specific preference for individual
mice. Instead, these tendencies may reflect differences in nest
usage among individual mice, as nests are assumed to be the
primary habitat of M. ryugadensis. Female mice, which raise
their offspring, spend more time in nests than males or sub-
adults, providing more opportunities for pseudoscorpions to
engage in phoresy.

The phoretic ratio remained relatively stable throughout
the study period but significantly decreased in August, which
is the dormant period for wood mouse reproduction in the
region. It is unclear whether the population size of pseu-
doscorpions declined during this period or if phoretic behav-
ior decreased. However, the reduced use of nests by wood
mice for reproduction during this period may have reduced
the chances of contact between the mice and pseudoscorpions.

Possible reasons for phoresy in M. ryugadensis

Based on the findings of this study and Okabe et al. (2020), we
can consider the possible reasons for phoresy in M. ryugaden-
sis. Two main reasons have been proposed for pseudoscorpions
engaging in phoresy: predation during phoresy (phagophily)
and dispersal (Poinar et al. 1998). However, the possibility
of phagophily was ruled out by Okabe et al. (2020) because
pseudoscorpions could not engage in both predatory and pho-
retic behaviors simultaneously. The present study supports this
conclusion, as the interval between phoresies was found to be
at least a few weeks; it seems too long, considering the species’
active foraging behavior (Okabe et al. 2018). Therefore, it is
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likely that the primary function of M. ryugadensis riding on
small mammals is dispersal to new habitats.

Dispersal through phoresy can be motivated by various
factors, such as relocating to better patches due to habitat
degradation or competition, avoiding predation on off-
spring, searching for mates and breeding sites, and avoid-
ing inbreeding (Bowler and Benton 2005). For example,
some pseudoscorpion species that attach to insects selec-
tively engage in phoresy with newly emerged host individu-
als ready to migrate to different habitats, escaping from
degraded habitats (Zeh and Zeh 1992b, c, d). In contrast,
a study on pseudoscorpion phoresy on rodents in Central
America revealed that only female pseudoscorpions engaged
in phoresy, with >50% of these females found to be carrying
eggs (Tapia-Ramirez et al. 2022), indicating that phoresy in
this case serves to protect offspring from predation.

The primary reason for M. ryugadensis dispersal through
phoresy is unlikely to be searching for mates and breeding
sites, as many egg-bearing individuals and some tritonymphs
have been observed engaging in phoresy (Okabe et al. 2020).
Among the abovementioned possibilities, relocating to better
patches seems consistent with the characteristics of M. ryu-
gadensis phoresy, as individual pseudoscorpions can engage in
phoresy repeatedly with intervals of several weeks. Moving to
anew habitat when food availability decreases and competition
intensifies is a common behavior among animals that move
independently without phoresy (Bowler and Benton 2005;
Szymkowiak et al. 2007). Therefore, M. ryugadensis may
disperse in search of higher-quality habitats through phoresy,
using food availability as an indicator of habitat quality.

Additionally, the hypothesis of avoiding predation may be
promising to explain phoresy in adult females and tritonymphs.
Phoresy of egg-bearing females has been frequently observed in
M. ryugadensis (Okabe et al. 2020). Given that the risk of can-
nibalism and predation by other animals is expected to be high
in small mammal nests, dispersing from such environments
before hatching may be an important adaptation to increase off-
spring survival. This explanation could also apply to nymphs.
Phoresy in tritonymphs, which are still vulnerable to preda-
tion, may serve to avoid predation pressure. However, younger
nymphs may be functionally immature in terms of performing
phoresy as their chela might be too small to grasp host hairs. To
avoid predation, the location of disembarkation is particularly
important. Unfortunately, no information regarding disembar-
kation in M. ryugadensis or other pseudoscorpions that engage
in phoresy with small mammals is available. We speculate that
egg-bearing individuals of M. ryugadensis that embark on mice
at their nests might disperse to other nests or different types of
habitats with lower predator densities.

Phoresy generally tends to develop in animals inhabiting
ephemeral and patchy habitats, such as carrion, dung, rot-
ting wood, and animal nests (White et al. 2017; Muster et al.
2021). The nests of wood mice may fulfill the criteria for M.

ryugadensis, as their lifespan, with an estimated complete life
cycle of over 1 year (Okabe et al. 2020), is longer than that
of wood mice (Ohdachi et al. 2015). Although the process
from nest construction to abandonment in A. speciosus is not
fully understood, nests are believed to be constructed based on
seasonal reproduction, resulting in an increase in parasites and
invertebrates that use leaf litter and animal excrement. These
factors create suitable habitats for various animals, includ-
ing pseudoscorpions, that prey on small nidicolous animals.
However, once mice have completed their reproduction pro-
cess, prey availability in these habitats is likely to decline. In
response to such nest phenology, M. ryugadensis may engage
in phoresy with the nest owner to relocate to new habitats or
avoid predation on their offspring. To gain a comprehensive
understanding of the function of phoresy, further research is
required to investigate the timing and direct cues for embar-
kation and disembarkation of M. ryugadensis, as well as the
dynamics of their primary habitat (small mammal nests) and
the faunal communities inhabiting them.
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