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Woodlice placed in an unknown experimental enclosure typically run (horizontal exploration) and rear up on the
enclosure’s walls (vertical exploration). Previous findings with Porcellio scaber indicate that these two behaviors
have an opposite temporal distribution and show differential sensitivity to rotation-induced physiological stress.
It is argued that the dual-process theory of habituation and sensitization can serve as a basis to account for
horizontal and vertical exploratory activities in woodlice. A model is presented. This model could help identify
individual variability in “temperament” and to isolate its effects in various behavioral tasks in woodlice and

perhaps other invertebrate species.

Horizontal and vertical exploratory activities have been well
documented in rodents, but remain sparsely studied in invertebrates
(e.g., Alcaro et al., 2011; Gharbawie et al., 2004; Thompson et al.,
2018; Tirelli and Witkin, 1994). However, the question of whether
these two behaviors depend on the same mechanism or on distinct
mechanisms is unknown. The study of freely moving woodlice in small
experimental enclosures (14 cm X 4 cm X 4 cm) without rewards — one
individual per enclosure - reveals that the temporal distribution of
horizontal (running) and vertical (rearing up) exploratory activities is
different. After placement in the enclosures, the woodlice typically run
and do not rear up on the vertical walls. But gradually, there is a ha-
bituation of (decrease in) running and a sensitization of (increase in)
rearing up over time (Anselme, 2013, 2015, 2018). These effects are
robust and clearly distinguishable following a 15-20 min exposure to
the enclosure. After a time, the woodlice tend to stop any activity
(immobilization). Recently, I showed that rotational stress reduces
rearing up in a familiar and a novel environment, but alters running
only in the novel environment (Anselme, 2018). So environmental fa-
miliarity seems to have some antistress protective effects on the habi-
tuated, but not the sensitized, behavior. Immobilization periods fol-
lowing the stress episode were indicative of stress because they were
longer in the absence of environmental familiarity. Collectively, these
results suggest that the horizontal and vertical exploration modes rely
on distinct mechanisms relative to physiological stress.

Running and rearing up are likely to share the same functional
purpose, which consists of trying to find better environmental condi-
tions. Hence why should we believe that they are controlled by in-
dependent mechanisms? Because if they were not, one of these two
scenarios would be expected: either their initial expression would be
high and gradually decreased following repeated failures to escape, or
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their initial expression would be low and gradually increased as the
need for vital resources (food, humidity, cool, etc.) becomes stronger.
None of these scenarios happen. In contrast, the difference in their
temporal distribution indicates the existence of a rule hardwired in the
woodlouse’s brain that establishes priorities in the activation of two
distinct mechanisms. This rule could be this: “Run first and, if un-
successful, rear up in the search of more favorable conditions”. The
“run first” strategy may help a woodlouse escape from physical dis-
turbance, for example, induced by a bird or a hedgehog foraging on
bugs in a forest. But this strategy is insufficient to allow the woodlouse
to extract itself from a cavity in which it fell — a situation similar to our
experimental enclosure. It needs a more sophisticated rule that includes
rearing up in order to climb out of the cavity. As the “run first” strategy
fails and results in habituation, the “then rear up” strategy takes over
and is gradually sensitized since it represents the last option to quit the
hostile environment. Thus, the former strategy should be less under
stress control than the latter (Anselme, 2018).

I suggest that dual-process theory (Groves and Thompson, 1970)
can overall explain horizontal and vertical exploration in woodlice. This
theory posits that behavioral habituation and behavioral sensitization
depend on two distinct processes (denoted by the same terms) that can
be simultaneously activated, such that the behavioral outcome is the
net effect of the two processes. The habituation process is assumed to
activate the stimulus-response (S-R) system, a short neuronal path that
links the eliciting stimulus with muscular response. Habituation is a
stimulus-specific process that increases in proportion to the stimulus
frequency. Habituation may occur between training sessions, but also
within a session as shown with woodlice here (see also Leussis and
Bolivar, 2006) — note that dual-process theory is especially relevant in
the case of short-term habituation (Thompson, 2009). In contrast, the
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Fig. 1. Dual-process theory of Groves and Thompson (1970) applied to hor-
izontal and vertical exploration in woodlice. The green pathway represents the
habituation process, the red pathway the sensitization process, and the blue
pathway a hypothetical “cool-down” process. Two fixed thresholds (8 and ),
whose value may differ from individual to individual, determine behavioral
priorities on a continuum such that § < 6. More details in the text.

sensitization process is assumed to occur in the state system, a part of
the nervous system controlling the readiness to respond. Only arousing
events such as the fear-potentiated startle response (Davis et al., 2008)
can activate the state system, which determines the individual’s alert-
ness as a function of stimulus intensity.

A model of exploratory activity in woodlice in presented in Fig. 1.
Exposure to a hostile environment — such as an experimental enclosure
without rewards - is assumed to have two effects: producing horizontal
exploration through automatic activation of the S-R system and
arousing physiological stress as part of the state system. At this stage,
physiological stress (S) may remain insufficient to elicit vertical ex-
ploration (S < 8) - thus, the individual uses a “run first” strategy.
Nevertheless, stress may boost running if 0 < S < 8. This strategy is
subject to a stress-independent habituation process (green arrows,
minus sign) if the aversive stimulation persists in time. However, as the
inability to escape is prolonged, physiological stress increases and
comes to elicit episodes of vertical exploration if 5 < S < 6 - the in-
dividual uses the “then rear up” strategy, which inhibits running. At this
stage, stress remains moderate and is assumed to fluctuate due to the
influence of external and internal factors (relative humidity, tempera-
ture, food deprivation, etc. whose role is currently unknown), causing
intermittent running episodes (S < 8). After a time, stress reaches
higher values that make running less and less likely to occur, despite
their possible fluctuation. The inability to climb out or to find sheltering
space in the vertical surfaces enhances activation of the physiological
stress system, which causes gradual sensitization of vertical exploration
(red arrows, plus sign) to the detriment of running. Retesting the
woodlice five hours after rotational stress did not reveal any long-term
behavioral sensitization (Anselme, 2018), but one session was perhaps
insufficient to observe long-term effects on the physiological stress
system. Finally, if too strong activation of the physiological stress
system occurs (S > 0), the woodlice gradually stop the “then rear up”
strategy and enter into prolonged phases of immobility. In this context,
immobilization is viewed as the consequence of intense stress, a be-
havior often observed after mechanical disturbance in the Porcellio
genus (Schmalfuss, 1984) and other arthropod species (Acheampong
and Mitchell, 1997). Immobility is hypothesized to “cool down” the
overactive physiological stress system and reset the stress value (S = 0)
before starting a new activity (blue arrows).

Like in many other arthropod species (e.g., Pamir et al., 2011;
Planas-Sitja et al., 2015), inter-individual differences exist in woodlice’s
behavior (Broly and Deneubourg, 2015; Devigne et al., 2011; Tuf et al.,
2015). Not all individuals are therefore expected to strictly follow the
same timing for these different steps. The model predicts that
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individuals that run without rearing up over a 20-min period show a
low physiological stress response, while individuals that briefly run and
then spend much time immobile show a strong physiological stress
response. The individuals that slowly develop rearing-up behavior
should have an intermediate stress level. Indeed, as mentioned in Fig. 1
legend, the values of the thresholds are fixed for a given individual but
may differ between individuals — provided that 8 < 6. In addition,
some individuals may be more vulnerable to stress than others. As a
result, at one extreme, reaching the 6 threshold will be fast for some
individuals, which typically run at a high speed for a few seconds and
immobilize for several minutes following their placement in the en-
closure. At the other extreme, some individuals seem to never reach the
8 threshold, running at a low or normal speed for long periods of time.
Intermediate individuals should follow the sequence of behaviors such
as described in Fig. 1. Testing these predictions requires to measure and
compare concentrations of the hyperglycemic hormone — the equivalent
of corticosterone in crustaceans (e.g., Elwood et al., 2009) - in the
hemolymph in these three categories of individuals. Establishing a
positive correlation between physiological stress and behavioral reac-
tions predicted by the present model could be useful to study the effects
of “temperament” on processes such as decision-making, foraging, and
social interactions in invertebrates. For example, preliminary observa-
tions in small enclosures could be used to identify stress-related beha-
vioral profiles. The same individuals can then be used to study the ef-
fects of stress in many situations such as risk sensitivity in free-choice
tasks involving effort and reward uncertainty, the propensity to explore
vaster environment in the search of food, or the dynamics of inter-in-
dividual interactions in social and gregarious species. Finding beha-
vioral indicators of internal states (such as physiological stress) in in-
vertebrates offers a large panel of experimentations and is important in
a comparative perspective with vertebrate species.
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