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Abstract

In this study, we focused on the relationship existing between the phenomenon of alternating turns and substrate-borne vibrations
in woodlice, utilizing Armadillo officinalis as an experimental behavioral model. A T-maze with multiple exits was used to collect
information on the pattern of turn alternation in (i) adult individuals of A. officinalis exposed and (ii) non-exposed to micro-
vibrations, and (iii) juveniles of A. officinalis exposed to micro-vibrations. Turn alternation was assessed as the number of times
that an animal turned on the opposite side in the T-maze. Our best model pointed out a statistically significant increased expected
number of alternating turns for both groups of adult individuals, non-exposed and exposed to micro-vibrations, compared to
exposed juveniles. Adults of A. officinalis seem to be very reactive to substrate-borne vibrations, unlike juveniles. This reactivity
might be related to a defense mechanism developed as an evolutionary adaptation to the xeric environment, increasing progres-
sively from the juvenile condition until the adult state. This feature might also fit into a complex network of inter- and intraspe-

cific communication mediated by substrate-borne vibrations, like in insects.

Keywords Crustacea - Woodlice - Multiple T-maze - Ethology - Micro-vibrations

Introduction

Armadillo officinalis Duméril, 1816 is a terrestrial isopod
(Crustacea: Isopoda: Oniscidea) belonging to the family
Armadillidae, and it is diffuse in the Mediterranean basin
and on western coasts of the Black Sea (Schmalfuss 1996,
2003). This species lives in xeric environments and has main-
ly nocturnal habits (Vandel 1962). It is an iteroparous species
(multiple reproductive cycles during lifetime), and its repro-
ductive period depends on the geographic area: from June
with a possible extension until August in France (Vandel
1962), from May to July in Sicily (Messina et al. 2011,
2012), and in October in Isracl (Warburg 2013). Armadillo
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officinalis usually lives on sand, silty-clayey substrates, and
rocks, and in environments populated by different plant com-
munities (Messina et al. 2014).

Since the last century, this species is known to be able to
produce vibrations and stridulations, audible within the
human spectrum of frequencies as well. Indeed, in his
article, Verhoeff (1908) wrote of sounds produced by individ-
uals of A. officinalis picked up in Sicily and bred in artificial
conditions. At that time, nothing was known about substrate-
borne vibrations as an information source for animals. After
then, just an Italian local journal published a brief paper men-
tioning stridulation but not describing the frequencies range
(Caruso and Costa 1976). Both sexes are capable of producing
vibrations with a ledge of scales situated on the propodus of
the fourth and fifth pereopod (Caruso and Costa 1976; Taiti
et al. 1998). This feature is present in all species belonging to
Armadillo (Schmalfuss 1996). The presence of a similar strid-
ulatory organ was also referred by Taiti et al. (1998) in the
species Cubaris from Nepal (C. everesti Vandel, 1973), and in
two new still undescribed species (S. Taiti, pers. comm.).

So far, only a few aspects concerning the ethology of this
species are known. In particular, alternating turn behavior is
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Fig. 1 Outline of the test
apparatus. A, position of the g E
starting chamber; B, forced right
turn; C, initial T junction; D and
E, next choice of turn; a—h, final
point. The number of alternating
turns was recorded as follows:
a=2,b=1,c=1,d=0,e=2,f=
1, g=3,and h=2. The gray circle
in C shows the position where the
vibrational source was located on
the lower surface of the T-maze

50 mm

still little known, as well as the reason why this species emits
vibrations. Hughes (1989) described the tendency to turn to
the opposite side following an immediately preceding turn in
many invertebrates. Alternating turn behavior may depend on
particularly unfavorable conditions such as food deprivation
(Hughes 1978), excessive disturbance at the level of substrate
(Houghtaling and Kight 2006), signals from indirect predators
(Hegarty and Kight 2014), or presence of predators (Carbines
et al. 1992; Hughes 1967, 1978). Vibrations studied by
Houghtaling and Kight (2006), however, were mainly gener-
ated inside an urban and rural environment contaminated by
human activities, and, for this reason, not comparable in in-
tensity and frequency with those generated in a natural envi-
ronment. An increasing number of alternating turns was also
observed in conditions of excessive light, or in dry environ-
ments (Hughes 1967), and after artificial stimulation of ani-
mals (Ono and Takagi 2006).

In a previous work (Cividini and Montesanto 2018), the
authors tested adult individuals of A. officinalis and
Armadillidium vulgare in a T-maze with multiple exits to
assess the pattern of turn alternation in presence or absence
of substrate-borne vibrations (for A. officinalis), and be-
tween different species at a parity of exposure. The results
proved a statistically significant association between the
pattern of turn alternation and both exposure to micro-

@ Springer

vibrations and species of the animals. In particular,
A. officinalis non-exposed, and A. vulgare exposed to
substrate-borne vibrations have 97 and 98% lower odds,
respectively, of being in a higher category of turn alterna-
tions compared to a lower category than exposed individ-
uals of A. officinalis. Consequently, the aim of the present
study has been to provide an additional analysis of the
previously collected data (Cividini and Montesanto 2018)
for assessing how adults and juveniles of A. officinalis
modulate their pattern of turn alternation when exposed
to substrate-borne vibrations. Specifically, the main goal
was to verify whether adults exposed to substrate-borne
vibrations were able to make a higher number of alternat-
ing turns than exposed juveniles. In this way, we also in-
vestigated the capability of reacting to micro-vibrations in
the two different conditions of development.

Materials and methods
Animals
Since April 2015, numerous specimens of A. officinalis

have been collected in Sicily (37° 31’ 39" N 15° 04’ 20"
E). These animals have been then bred in Pisa (43° 43’ 07"
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Fig. 2 Micro-vibration emitted during the experiment. a Spectrogram
and oscillogram of the emitted sound. b, ¢, and d Micro-vibration
diagrams recorded at points b, ¢, and (right) d, respectively (as in Fig.
1), with the software VIBSENSOR (see text for further details). As one

N 10° 23’ 45" E) inside a climate room at 20 °C with a
natural photoperiod. Animals were housed in a terrarium
and fed with potato tubers and plane tree leaves
(Montesanto and Cividini 2017a). In this study, two ran-
dom samples of 134 adult individuals and 67 juveniles (I1I
and IV stages) of A. officinalis were used. All the animals
were individually examined to check their bodily integrity
at the beginning of the experiment. The adults of
A. officinalis were randomized to the control group (no
micro-vibration) or the exposed group (micro-vibration)
in a percentage by 50% (67 animals each). A random num-
ber table and a pseudorandom sequence of Os (control
group) and 1s (exposed group) were used to this goal. It
was not possible to have the control group for juveniles
because of the limited number of available specimens.
Gender, size, and molt cycle stage were determined for
each animal (premolt and intermolt stages were identified
as described in Montesanto and Cividini 2017b). The size
was evaluated based on the cephalothorax width (in mm),
and the two groups of animals (adults and juveniles) were
divided into two sub-groups (smaller and larger size) using
the respective medians as the index of the central position.

[20 [a0 ['6.0 [80 [100 [120 \

Y H:

can see, intensity and frequency of the used micro-vibrations are
reasonably similar and comparable at all points of the T-maze (modified
from Cividini and Montesanto 2018)

Apparatus and procedure

Each animal was placed into a starting chamber with a proper
exit to lead it to enter a T-maze. The T-maze (revised and
modified from Hughes 1967 and Carbines et al. 1992) was built
with high impact polystyrene (HIPS) panels, and its dimensions
are shown in Fig. 1. Each path was about 27 cm long. Every test
was carried out in a dark room, and a 40 W lamp, put at a
distance of 35 cm over the T-maze, was used to get a uniform
illumination. The test apparatus was covered with a glass plate,
and animals were encouraged to enter with a soft brush. The first
forced turn was on the right for all the animals. Each animal was
tested only once. After each test, the test apparatus was cleaned
with distilled water and 75% ethanol, and the paper sheet at the
bottom of the T-maze was replaced.

Micro-vibrations with an intensity and frequency compara-
ble to those an animal can find in a natural environment were
produced with a moving-coil miniature earphone located on
the lower surface of the test apparatus, well hid from animals’
sight, and firmly fixed with hot glue (position C in Fig. 1). The
micro-vibration emission lasted for all time in which each
animal moved inside the T-maze. The segments containing

@ Springer
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the acoustic recording needed to generate the micro-vibrations
were produced using the software Audacity ver. 1.2.4. The
several steps for settings are indicated in the Appendix.

The audio file was carefully inspected, checked for the
clipping, and saved in a WAV digital format (16-bit ampli-
tude resolution). The temporal and spectral features of the
signals were measured. The oscillogram and spectrogram
of the emitted sound are shown in Fig. 2a. The micro-
vibrations obtained from the emitted sound were recorded
using the software VIBSENSOR, running on Android 7.0
device (Huawei P9, with the oscilloscope inside). Before
starting the experiment, we tested the micro-vibrations at
all crosses of every possible path in the T-maze several
times. The resulting levels of acceleration were always
comparable with those reported in Fig. 2b—d. This figure
illustrates the vibrational diagram with comparable levels
of acceleration (measured in m/s®) recorded during a 15-s
test conducted at different points of the T-maze.

The diagrams and plates in Figs. 1, 2, 3, and 4 were drawn
and/or arranged with the GNU Image Manipulation Program
(GIMP) (ver. 2.8.22) utilizing the methods described in
Montesanto (2015, 2016).

Fig. 3 a T-maze with all the a
possible paths followed by the
animals tested in the experiment g

(A. officinalis). Each path is
indicated with a different color
from the start point until the
corresponding exit. The pie charts
show the percentage of the paths
followed by b adults not exposed
to micro-vibrations. ¢ adults
exposed to micro-vibrations. d
juveniles exposed to micro-
vibrations. It was not possible to
have the control group for
juveniles because of the limited
number of available specimens

Statistical analysis

Turn alternation pattern was assessed as the number of times
that an animal turned on the opposite side in a predefined path
(Fig. 1).

The sample size was calculated with G*Power 3.1 (Faul
et al. 2009). The applied rationale for this calculation was to
have enough power to use both Wilcoxon-Mann-Whitney
nonparametric test and ¢ test for two independent samples.
G*Power implements two different methods for assessing
the power of the WMW-test (A.R.E. method and Lehmann
method). We used the asymptotic relative efficiency (A.R.E.)
method, which relates normal approximations to the power of
the ¢ test and the Wilcoxon test for a specified F (Lehmann
1975, Eq. 2.42 and Eq. 2.29, respectively). The compromise
power analysis was subsequently used to assess the power of #
test (more details in the Appendix).

The possible association between turn alternation and the
state of animals was then studied more thoroughly with
Poisson regression models. A categorical variable
representing the state of the animals was used in the regression
models in the form of dummy variables, using juveniles

b 34.33%

0,
11.94% 1.49%

22.39%
26.87%

Non-exposed Adults

@ Springer
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23.88%

25.37%

Exposed Adults

Exposed Juveniles
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Fig. 4 Armadillo officinalis. a

Average number of alternating
turns in a adults and juveniles,
both exposed to micro-vibrations,
and b adults non-exposed and
juveniles exposed to micro-
vibrations (95% confidence
interval error bars). T test results
are also shown (square-root
transformed data)

0.54

Average Number of Alternating Turns (sqrt)

0.01

2.01 1.71 vs. 1.02, p < 0.0001 2.01

1.44 vs. 1.02, p < 0.0001

1
|

0.51

0.01

Exposed Adults

exposed to micro-vibrations as the reference. Gender, size,
and molt cycle stage were considered as potential confounders
and included in the models as binary variables.

Data analysis was carried out with SAS 9.4 using the fol-
lowing procedures: proc nparlway, proc ttest, and proc
genmod plus other standard procedures for descriptive statis-
tics. All the graphs were created with the ggplof2 library
(Wickham, 2009), and the function pie() in R/RStudio (ver.
3.4.1).

Results

Table 1 summarizes number and percentage of the animals
within each group, overall and stratified by gender, size, and
molt cycle stage. The different paths traveled by the animals
during the test are shown in Fig. 3a, and the corresponding
percentages in Figs. 3b—d.

The comparisons between the average number of alternat-
ing turns in adults and juveniles, both exposed to micro-
vibrations and in non-exposed adults and exposed juveniles
to micro-vibrations, were carried out using the 7 test with the
Satterthwaite’s method for unequal variances. Data were
transformed into the square root, but have remained non-
normally distributed. The sample size, however, was large
enough to ensure the ¢ test robustness. Both ¢ tests pointed
out a statistically significant difference in the average number
of turn alternations between adults and juveniles, both ex-
posed to micro-vibrations (#=8.54, df=68.18, 1.71 +£0.08
vs. 1.02+£0.65; p<0.0001; Cohen’s d=0.5) (Fig. 4a) and

Exposed Juveniles

Non-exposed Adults Exposed Juveniles

between adults non-exposed and juveniles exposed to micro-
vibrations (1=15.02, df=81.204, 1.44+0.22 vs. 1.02+0.65;
»<0.0001; Cohen’s d =0.5) (Fig. 4b).

The association between turn alternation and the state of
animals was investigated more thoroughly with standard
Poisson regression models, with and without interactions. As
all interactions were non-statistically significant, the corre-
sponding models were not considered for a parsimony issue.
The models without interactions showed very similar values
of the fit statistics for the comparison of nested models (AIC
criterion). Hence, we chose the full model because it is bio-
logically more informative. Table 2 reports the results of the
full model. The algorithm correctly converged, and the chi-
square test on deviance (df=195, chisq=288.85, p=1)
showed a good fit of the model to data. Hence, based on the
results of our best model, we can draw the following conclu-
sions. Comparing adults non-exposed and juveniles exposed
to substrate-borne vibrations, the logarithm of the expected
number of alternating turns increases by 0.39 for non-
exposed adults (p = 0.003). In other words, the expected num-
ber of alternating turns for non-exposed adults is about 1.5-
times the number of alternating turns for exposed juveniles
(48% increase). Comparing adults and juveniles, both ex-
posed to substrate-borne vibrations, the logarithm of the ex-
pected number of alternating turns increases by 0.70 for ex-
posed adults (p < 0.0001). The expected number of alternating
turns for exposed adults is thus two times the number of alter-
nating turns for exposed juveniles (100% increase). No statis-
tically significant association was found with size, gender, and
molt cycle stage.

@ Springer
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Table 1  Number and percentage of the animals within each group considered in the experiment, overall and stratified by gender, size, and molt cycle
stage
Adults of A. officinalis Adults of A. officinalis Juveniles of A. officinalis
not exposed to exposed to exposed to
micro-vibrations N (%) micro-vibrations N (%) micro-vibrations N (%)
Males 24 (35.8) 23 (34.3) 28 (41.8)
Group 1 14 (20.9) 17 (25.4) 18 (26.9)
Intermolt 14 (20.9) 16 (23.9) 17 (25.4)
Premolt 0 (0) 1(1.5) 1(1.5)
Group 2 10 (14.9) 6(8.9) 10 (14.9)
Intermolt 10 (14.9) 6(8.9) 10 (14.9)
Premolt 0(0) 0 (0) 0(0)
Females 43 (64.2) 44 (65.7) 39 (58.2)
Group 1 20 (29.9) 16 (23.9) 16 (23.9)
Intermolt 20 (29.9) 16 (23.9) 16 (23.9)
Premolt 0(0) 0(0) 0(0)
Group 2 23 (34.3) 28 (41.8) 23 (34.3)
Intermolt 22 (32.8) 27 (40.3) 20(29.9)
Premolt 1(1.5) 1(1.5) 3(4.48)
All animals 67 (100) 67 (100) 67 (100)

Group 1, smaller size; Group 2, larger size

Our results proved that adults of A. officinalis always per-
form a significantly greater number of alternating turns com-
pared to exposed juveniles, both when exposed and when not
exposed to micro-vibrations.

Furthermore, both adults non-exposed and exposed to
micro-vibrations used less time, on average, to travel a dis-
tance of about 27 cm than the exposed juveniles (24.0+9.9,

22.8+7.2,96.4+35.4 s, respectively). Consequently, the ex-
posed adults run the path with an average speed of 71.1 cm/
min versus 16.8 cm/min of the exposed juveniles. The average
speed of the adults non-exposed to micro-vibrations was,
however, similar to that of the exposed adults (67.6 cm/
min). The differences in the time used to complete the path
among the three tested groups were evaluated with the

Table 2 Adjusted standard

Poisson regression model Parameter Estimate  Standard Wald 95% p value
error confidence limits

Intercept 0.5657 0.2555 0.0649  1.0665 0.0268

State

Adults of A. officinalis not exposed to 0.3915 0.1320 0.1328  0.6502 0.0030
micro-vibrations

Adults of A. officinalis exposed to 0.7037 0.1243 0.4602 0.9472 <0.0001
micro-vibrations

Juveniles of A. officinalis exposed to Ref.
micro-vibrations

Size

Group 1 —0.0046  0.0992 -0.1990 0.1897 0.9629

Group 2 Ref.

Gender

Males 0.0479 0.1023 —0.1527 0.2485 0.6399

Females Ref.

Molt cycle stage

Intermolt —02177 0.2493 —0.7064  0.2710 0.3826

Premolt Ref.

Analysis of maximum likelihood parameter estimates. Group 1, smaller size. Group 2, larger size
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Kruskal-Wallis nonparametric test (chi-square = 130.28,
p<0.0001). The pairwise two-sided multiple comparison
analysis was carried out using the Dwass, Steel, Critchlow-
Fligner (DSCF) method (Dwass 1960; Steel 1960; Critchlow
and Fligner 1991).

Statistically significant differences in the running time were
found comparing non-exposed adults and exposed juveniles
(mean score: 69.54 vs. 167.20, DSCF Value =13.90,
p<0.0001) and adults and juveniles, both exposed to micro-
vibrations (mean score: 66.26 vs. 167.20, DSCF Value =
14.02, p<0.0001). Hence, both non-exposed and exposed
adults are always significantly quicker than exposed juveniles.

Table 3 summarizes the descriptive statistics for the run-
ning time (in seconds) by path.

Discussion

In this study, we found evidence of the fact that adults of
A. officinalis are able of performing a significantly greater num-
ber of alternating turns, in both presence and absence of
substrate-borne vibrations, than exposed juveniles. This behav-
ior seems to indicate a progressive improvement in the turn
alternation use, passing from the juvenile state to the adult con-
dition, as well as an increased reactivity to substrate-borne vi-
brations. What physiological mechanism and/or behavioral pro-
cess leads to these improvements in both use of turn alternation
and reactivity to micro-vibrations remains to be understood.
However, the high reactivity to substrate-borne vibrations
might fit into a strategy of survival developed as a form of
evolutionary adaptation during the passage from water to the
terrestrial environment. The existing relationship between turn
alternation as a hypothetical defense mechanism and reactivity
to substrate-borne vibrations (Cividini and Montesanto 2018)

might give this species a better chance to escape from predators.
Adult individuals are, furthermore, always significantly quicker
than juveniles.

The tendency to turn to the opposite direction following an
immediately preceding turn is a particularly common behavior
among invertebrates and was described for a large number of
species (Hughes 1989). This feature was also observed in a
unicellular organism belonging to the genus Paramecium
(Lepley and Rice 1952; Lachman and Havlena 1962;
Harvey and Bovell 2006). In many species of terrestrial iso-
pods, turn alternation has been supposed to be a natural reac-
tion of animals towards particularly unfavorable environmen-
tal conditions. Food deprivation (Hughes 1978), an excess of
disturb at the level of substrate (Houghtaling and Kight 2006),
signals coming from indirect predators (Hegarty and Kight
2014), and exposure to predators (Carbines et al. 1992;
Hughes 1967, 1978) can lead an increased number of alternat-
ing turns. In a previous work (Cividini and Montesanto 2018),
we proved the existence of a statistically significant associa-
tion between the pattern of turn alternation and both exposure
to substrate-borne vibrations and species of the animals. In
particular, we found that adults of A. officinalis react to the
presence of micro-vibrations, performing a greater number of
alternating turns than in the absence of the vibrational im-
pulse. Inside a complex network of direct and indirect com-
munications mediated by substrate-borne vibrations, this be-
havior might support the hypothesis of turn alternation as a
defense mechanism against adverse environmental condi-
tions. It is our opinion that a species provided of a stridulatory
organ and, therefore, able to emit vibrations like A. officinalis
might also be able to manage substrate-borne vibrations more
efficiently than other species and for multiple aims, for in-
stance, in the ambit of a defense strategy and/or as a means
of intra- and interspecific communication, like in insects.

Table 3 Descriptive statistics for
the running time (in seconds) by State

Exit N Mean SD Min Max

path. Number of alternating turns:
a=2,b=1,c=1,d=0,e=2,f=
1,g=3,h=2

Adults of A. officinalis exposed to micro-vibrations

Juveniles of A. officinalis exposed to micro-vibrations

Adults of A. officinalis not exposed to micro-vibrations

a 2 25.7 9.6 18.9 325
c 1 87.2 - 87.2 87.2
e 23 222 6.5 14.5 363
f 8 21.6 3.1 17.0 26.8
g 18 22.5 5.8 12.3 333
h 15 253 6.7 18.5 45.7
e 2 19.4 7.1 14.4 244
g 62 23.0 7.3 12.6 67.6
h 3 20.0 5.4 16.5 26.1
a 16 95.5 343 36.2
b 9 99.1 44.4 44.7
c 9 87.5 32.6 37.4
d 17 107.0 31.7 48.8
g 16 89.3 375 34.1

150.3
152.5
128.2
154.9
156.1
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As reported by Hill and Wessel (2016), substrate-borne
vibrations might be interpreted by an unintended vibrational
receiver as a coming danger. For instance, the arrival of a
predator which, pressing its body on a solid substrate, pro-
duces substrate-borne vibrations leading the potential prey to
escape.

Sensory receptors might be involved in the high reactivity of
A. officinalis to substrate-borne vibrations, although no specific
receptor with these characteristics has been so far described in
terrestrial isopods, unlike other invertebrates (Barth 1982;
Hutchings and Lewis 1983; Kalmring 1985; Popper et al. 2001;
Devetak et al. 2004). No homology may, however, be present
with the already known receivers both within and among taxa
(Hill 2009), although analogies due to a process of evolutionary
convergence cannot be excluded. In this context, tactile receptors
might play an important role being also sensitive to substrate-
borne vibrations. Evidence in this regard was found, for instance,
in Apis mellifera carnica (Hymenoptera, Apidae) whose legs are
provided with special receptors able to detect micro-vibrations
propagating on the combs of its nests (Sandeman et al. 1996).

Communication via substrate-borne vibrations in insects
has acquired more and more importance compared to what
was previously thought (Virant-Doberlet and Cokl 2004) be-
cause it seems to be involved in a wide range of adaptive roles
in animals (Hill 2001, 2009), for instance, mating, parental
cares, foraging, competition, and danger perception.
Signaling mediated by substrate-borne vibrations is widely
used in both invertebrates (Virant-Doberlet and Cokl 2004;
Cocroft and Rodriguez 2005) and vertebrates (Hill 2008).

Terrestrial isopods are frequently preyed by several species of
lizards (Carrettero 2004; Castilla et al. 2008), but no study in the
literature has so far proved that the emission of stridulations during
the predatory act may be useful to this species to escape from a
predator. The first hypothesis on the possibility of an intraspecific
communication in A. officinalis goes back to Caruso and Costa
(1976), but without any explanation supporting this speculation.

Vibrational communication might also be involved in fa-
voring aggregation phenomena, already known for this spe-
cies and, in general, in terrestrial isopods as a way to prevent
dehydration (Warburg and Berkovitz 1978, Sibly 1983,
Hornung 2011, Broly et al. 2012). Aggregation, along with
turn alternation, might constitute another defense strategy in
case of predation (Broly et al. 2013). The Allee effect on
group size and survival rate is well known for Porcellio
scaber, too (Brockett and Hassall 2005).

We think that this study has contributed to clarifying some
interesting, novel aspects of still little known behavioral pro-
cesses in woodlice, proving the existence of a different capa-
bility of modulating turn alternation between adults and juve-
niles of A. officinalis, both before and following exposure to
substrate-borne vibrations. This behavior apparently does not
seem to depend on sex, size, and molt cycle stage of animals.
Adult individuals seem to have a higher reactivity to substrate-
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borne vibrations than juveniles, reacting with a greater num-
ber of alternating turns, and more quickly. To our knowledge,
no study in the literature has studied until now the different
sensitivity to substrate-borne vibrations among adult individ-
uals and juveniles, in neither insects nor other invertebrates.

The high ability to perceive vibrations might also be involved
in the use of substrate-borne vibrations as a means of communi-
cation to be fitted into a wider and more complex network of
inter- and intraspecies communications, like in insects.

Additional research is needed to understand better so com-
plex phenomena, which might also have important implica-
tions in a context of applied ecology (e.g., Agodi et al. 2015).
Indeed, A. officinalis represents an excellent experimental
model to investigate the reasons behind these behavioral pro-
cesses mediated by substrate-borne vibrations.
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Appendix

Settings of the parameters used in G*Power 3.1
for the sample size calculation and power analysis

Wilcoxon-Mann-Whitney nonparametric test (two
groups)

Analysis: A priori (Compute required sample size)

Options: A.R.E. method
Input:
Tail(s) = Two
Parent distribution = Normal
Effect size d=0.5
« etr prob =0.05
Power (1-3 err prob) = 0.80
Allocation ratio N2/N1 =1

T test: Difference between two independent means
(two groups)

Analysis: Compromise (Compute implied a
and power)

Input:
Tail(s) = Two
Effect size d=0.5
B/« ratio =4
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Sample size group 1 =67
Sample size group 2 =67

Settings to generate the micro-vibrations used
in the experiment with the software Audacity (ver.
1.2.4)

The option Noise was selected starting from the menu Generate.
In the window named Noise Generator, the following pa-
rameters were set:

*  Noise type: Brownian
o Amplitude: 1
*  Duration: 3 min

The sound was normalized at — 4.0 dB with the command
Normalize, in the Effect menu.
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