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Summary

Thanatosis, or tonic immobility, is a behavior where animals adopt a motionless posture after a physical contact or very close
proximity of a predator. This behavior has been described in a wide range of taxa, from invertebrates to vertebrates. For
scorpions, tonic immobility has been reported in two buthids, Tityus pusillus and Tityus cerroazul, one hormurid, Liocheles
australasiae, and one scorpiopsid, Scorpiops jendeki. Here we report other cases of this thanatosis for two buthid scorpions
from lower Central America: Tityus ocelote and Ananteris platnicki. Thanatosis in these species were observed in wild, but
was better documented in the laboratory. After human handling, several individuals for both species rolled over and laid
on their back, adopting a distinctive rigid position, where they did not respond to external mechanical stimuli. As tonic
immobility might be associated with other defense strategies, such as cryptic colorations, it is hypothesized that this behavior is
used as a strategy in both species only if there is physical contact that simulated by a predator. On the other hand, the
observations of thanatosis we reported here and the ones reported in other 7ityus scorpions suggest that this behavior may have
a phylogenetic basis in American buthids and that it could be more widespread than initially thought. However, more

observations of tonic immobility in buthids would allow the evaluation of this hypothesis.

Introduction

Thanatosis, commonly known as death-feigning and recently
more appropriate as tonic immobility, is defined by Humphreys
& Ruxton (2018) as an unlearned adoption of a motionless
posture by a prey individual triggered by physical contact or
very close proximity of a predator. Tonic immobility has been
proven to be widely distributed among different animal taxa,
from arthropods to vertebrates (Humphreys & Ruxton, 2018).
Although this behavioral response is assumed to be mainly
an antipredator strategy, it has been observed that in some
cases, it occurs as a hunting strategy (McKaye, 1981; Tobler,
2005) and as sexual behavior (Lawrence, 1992; Kynaston et
al., 1994; Bilde et al., 2006; Hansen et al., 2008). Humphreys
& Ruxton (2018) hypothesized that tonic immobility may
have evolved multiple times in different lineages, given its
taxonomic distribution’s simplicity and its widespread but
Sparse nature.

Specifically for arthropods, tonic immobility has been
reported (at least) in Anomura (Coutinho et al., 2013),
Phasmatodea (Farkas, 2016), Orthoptera (Honma et al., 2006),

Lepidoptera (Shreeve et al., 2006), Coleoptera (Krams et al.,
2013), Hymenoptera (Neves & Pie, 2018), Araneae (Hansen
et al., 2008), Opiliones (Cook et al., 2013), and Scorpiones.
In the last group, feigning death is known from the Brazilian
buthid scorpion Tityus pusillus (Lira et al., 2020). In this
species, thanatosis is one of the five defensive behaviors
displayed when predator attacks were simulated, along with
fleeing, stinging, standing still, and tail wagging (Lira et al.,
2020). The other three species of scorpions reported exhibiting
tonic immobility are the Costa Rican species Tityus cerroazul
(Buthidae) (Viquez et al., 2005; Quintero & Miranda, 2007)
and the Chinese species Liocheles australasiae
(Hormuridae) and Scorpiops jendeki (Scorpiopsidac) (Tang,
2022). Nonetheless, the details of how these species display
thanatosis were not described, making the conditions under
which these scorpions performed this behavior unclear.
Although not reported, this behavior is often found in
scorpions, being more obvious in scorpions of the genus
Neobuthus from the Horn of Africa (FrantisSek Kovaftik,
personal communication). Here we report other cases of
thanatosis in buthid scorpions from Central America.
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Figures 1a—1c: Figure 1a. Tityus ocelote, female from Hacienda Bart. Figure 1b. Ananteris platnicki, male from Hacienda Baru. Figure 1c.

Collection localities.

Tityus ocelote is a small (body length < 35 mm) spotted
scorpion included in the subgenus Tityus (Archaeotityus)
(Lourenco, 2006). As other members of the subgenus, it
exhibits a yellowish to reddish-brown background covered
with a mottled pattern of darker spots (Figure 1) (Francke &
Stockwell, 1987; Viquez, 1999). It is distributed in the Pacific
and Caribbean humid lowlands of Costa Rica and Bocas del
Toro in western Panama (Viquez, 1999; Montoya & Armas,
2002; Teruel & Cozijn, 2011). T. ocelote is mainly arboreal,
usually found in palms and trees with vines (Blasco-Arostegui
et al., 2020).

Ananteris platnicki is a buthid scorpion also distributed in
the Caribbean slope’s low and midlands and the South Pacific’s
lowlands in Costa Rica and western Panama, specifically in
Bocas del Toro, Veraguas, and Coclé (Viquez, 1999; Teruel &
Cozijn, 2011). It is more likely to find this species in the leaf
litter and under logs (Viquez, 1999). It has light to medium
greyish brown background colorations with a lighter lateral
spotted pattern (Figure 1) (Lourengo, 1993; Viquez, 1999). 4.
platnicki is also a tiny scorpion, whose size does not exceed
30 mm (Viquez, 1999).

Results and Discussion

For an ongoing project focused on the venomics of Costa
Rican buthid scorpions, we collected individuals of T
ocelote in three locations in Costa Rica: Carara National
Park (9°46'53.04"N  84°36'16.09"W), Hacienda Bart
(9°16'17.00"N  83°52'52.27"W) and Pueblo Nuevo de
Sarapiqui (10°28'26.11"N 84°4'29.54"W) (Figure 1). A.

platnicki was only found in Hacienda Baru (Figure 1). The
scorpions were transferred to the Instituto Clodomiro Picado
in San José, Costa Rica, and kept individually in plastic
boxes with two pieces of paper as a substrate. Mealworms
and crickets were offered as prey weekly, and a soaked cotton
swab provided water ad libitum.

During the collection of the scorpions in wild, it was
observed that several individuals feign death. This behavior
was better documented once the animals were in the
laboratory. During our weekly revision of specimens, some
individuals lying on the cotton had to be handled. On several
occasions, after human handling, specimens of 7. ocelote
and A. platnicki performed tonic immobility as a behavioral
response to the physical stimuli, as they did in wild. Here we
show an example with an individual from 7. ocelote of Pueblo
Nuevo de Sarapiqui (Figure 2). Both species roll over and lay
on their back, adopting a distinctive rigid position (Figure 2).
For T. ocelote, the legs and the metasoma persist retracted near
the body. In contrast, for A. platnicki, the legs remain relaxed
but not completely extended, and the metasoma lays extended
(Figure 2). Individuals of both species did not respond to
external mechanical stimuli while displaying thanatosis.
After a few minutes of not being disturbed, specimens
spontaneously and quickly resumed activity, moving directly
towards a refuge. In the case of 7. ocelote, this behavior was
observed in individuals from the three collection sites, so it is
not a locality-specific condition.

Tonic immobility is associated with other defense
strategies, such as cryptic colorations (Rogers & Simpson,
2014), although the idea has some detractors (Humphreys
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Figures 2a—2d. Tonic immobility behavior in Tityus ocelote from Pueblo Nuevo de Sarapiqui (2a) and Ananteris platnicki (2c) under laboratory-
controlled conditions in contrast to their normal behavior for 7. ocelote (2b) and A. platnicki (2d).

& Ruxton, 2018). Both T ocelote and A. platnicki have
colorations that could help them blend in with their
substrates. Humphreys & Ruxton (2018) hypothesized that
tonic immobility should be seen as a last resort that requires
not only that the individual has been detected but also that
physical contact occurs. According to this hypothesis, the
cryptic coloration and initial posture in 7. ocelote and A.
platnicki may represent a first defensive resource. In contrast,
tonic immobility is used as a strategy in both species only if
there is phyasical contact in the attack.

One of the other species of 7ityus where tonic immobility has
been reported, T pusillus (Lira et al., 2020), also belongs to the
subgenus 7. (Archaeotityus), suggesting an evolutive affinity with
T. ocelote. In both species, the behavior of thanatosis observed
was similar. In contrast, the other species of Tityus reported to
display tonic immobility, 7 cerrozazul (Viquez et al., 2005;
Quintero & Miranda, 2007), is part of the subgenus 7. (Zityus)
inside the Tityus bolivianus complex. This subgenus is estimated
to have diverged from the ancestor of 7. (Archaeotityus) about 27
million years ago (Ojanguren-Affilastro et al., 2017). Moreover,



Ananteris belongs to a distant lineage of American buthids that
is estimated to have diverged from the ancestor of 7ityus about
40 million years ago (Ojanguren-Affilastro et al., 2017). Our
observations in 4. platnicki and the ones done by other authors
in T cerroazul suggest that tonic immobility in American
buthids scorpions may have a phylogenetic basis and that this
behavior is more widespread than initially thought. Nonetheless,
observations in a more significant number of species of buthids is
needed to evaluate this hypothesis.
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