Acta Theriologica, 24, 21: 267—271, 1979 200

P. A. & Koreckaja T. I, 1962: Ekologo-fiziologi¢eskije osobennosti krovi zem-
leroek i krotov. Tr. Inst. Morfol. Ziv. im. A. N. Severcova, 41: 129—136. Mellanby
K., 1971: The Mole. William Collins Sons & Co Ltd: 1—159. Toronto. Morris P.,
1966: The mole as a surface dweller. J. Zool. (Lond.), 149: 46—49. Olszewski
J. L. & Skoczen S, 1965: The airing of burrows of the mole, Talpa europaea.
Acta theriol,, 10: 181—193. Quilliam T. A, 1966: The mole’s sensory apparatus.
J. Zool. (Lond.), 149: 76—88. Quilliam T. A, Clarke J. A. & Salsbury
A. J., 1971: The ecological significance of certain new haematological findings in
the mole and hedgehog. Comp. Biochem. Physiol., 40A: 89—102. Schaefer V. H.,
1978: Aspects of habitat selection in the coast mole (Scapanus orarius True) in Bri-
tish Columbia. Simon Fraser University Ph. D. Thesis. 205 pp. Southern H. N,
1954: Tawny owls and their prey. Ibis, 96: 384—410.

Accépted, October 10, 1978.

Vocalization of the Shrews Suncus etruscus and Crocidura russula
during Normothermia and Torpor

Gtlosy ryjowek: Suncus etruscus i Crocidura russula,
przy normotermii i odretwieniu

Rainer HUTTERER, Peter VOGEL, Henry FREY & Michel GENOUD

Hutterer R., Vogel P., Frey H. & Genoud M., 1979: Vocalization of the
shrews Suncus etruscus and Crocidura russula during normothermia
and torpor. Acta theriol. 24, 21: 271—276 [With 1 Table & 2 Figs.].

The vocalization of the shrews Suncus etruscus and Crocidura russula
during normothermia and torpor is investigated. While frequency and
call duration are independent of body temperature, the tremolo struc-
ture shows a spreading correlated with falling body temperature. The
particular calls emitted during torpor are defence calls, modified by
merely physiological factors. Their main function might be of intraspe-
cific nature.

[Zool. Forschungsinst. u. Museum A. Koenig, D 5300 Bonn (RH) and
Institut de zoologie et d’écologie animale, CH 1005 Lausanne (PV, HF,
MG)].

INTRODUCTION

Torpor in shrews was first demonstrated for Suncus etruscus (Vogel,
1974) and since then observed in several species of Crocidurinae (N a-
gel, 1977, Frey & Vogel, 1979). There is also some evidence for
the occurrence of torpor in three species of Soricinae (Wolf, 1954;
Lindstedt, 1977, Newman & Rudd, 1978).

During torpor shrews stay immobile in the nest. When disturbed,
they utter harsh shrieking calls (Vogel, 1974). This behaviour is the
same in all shrew species in which torpor has been observed. The shriek-
ing calls are clearly distinct from the vocal repertoire of normother-
mic animals. It is therefore of a certain interest to study these calls,
especially the effect of body temperature on the form and frequency
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of the calls. The results may also give us an idea of the function of the
calls.

MATERIALS AND METHODS

Studies were made with the shrews Suncus etruscus (Savi, 1822) (mean body
weight in captivity: 2.5 grams) and Crocidura russula (Hermann, 1780) (mean
body weight in middle Europe: 12 grams). The Etruscan shrews were taken from
a laboratory colony established with animals from southern France; the common
white-toothed shrews were caught in the surroundings of Lausanne.

Mpost of the experimental animals were kept in a climate chamber (14°C)
during September 1977. During the experimental period the animals were under
food shortage (Frey & Vogel, 1979). Sound recordings were made between
8 and 9 a.m. in each case. For that purpose the shrews were removed from their
nests, and recordings of vocalization and rectal temperature (Tr) were made simul-
taneously. The results of pilot recordings on two Etruscan shrews during November
1976 at Bonn are also included. During these recordings no measurements of Tr
were made, that is why the body temperatures were calculated by means of
comparable recordings afterwards. Evaluation was made from 6 recordings of
S. etruscus and 7 recordings of C. russula at different body temperatures (Table 1).

In Lausanne we used a tape recorder Uher Report 4200 and a microphone
Beyer Dynamic M88N, in Bonn an Uher Report 4000 and a Sennheiser MD44IN
directional microphone. Registration speed was 19 cm per second, and registration
distance 5 to 10 cm. Sonagrams were made by use of a Kay Electric Vibralyser
7030A. The analysis of 124 calls includes the call duration, the number of frequency
peaks of a single call, and the mean frequency of the most blackish drawing in the
sonagram, i.e. the frequency with the maximum sound pressure.

RESULTS

The shrieking sounds of torpid shrews are often accompanied by jerky
movements of the extremities. The readiness of the Etruscan shrews to
utter sounds takes as long as they are unable to flee. After some mi-
nutes, when they are awake, they will immediately hide away. In com-
parison with that Crocidura russula calls awake as well, and in this
_species normothermic animals reply to any disturbance with loud de-
fence .calls. Apparently both species show a different species-specific
behaviour.

To the human ear the calls of torpid shrews sound high-pitched com-

pared with those of awake animals. In fact the frequency is nearly the
same in awake and torpid shrews (Fig. 1); the calls of torpid shrews
only lack the low frequencies, while the range from 14 to 18 kHz is
.amplified. It can be seen from Table 1 that there is a considerable va-
riation of the frequency in the Etruscan shrew, but there is no signifi-
cant relation to the Tr. The frequency is rather likely to depend on
the excitement level, for the Etruscan shrews show a tendency to high-
er and brighter calls in the case of a longer disturbance and with
increasing duration of the call series. The calls of the common white-
toothed shrews, however, are more constant as a rule. The mean fre-
quency is 11.4 kHz independent of the condition of the shrews. The
mean frequency of the calls of the Etruscan shrews is 16.4 kHz, this
is about 5 kHz more than in the common white-toothed shrew.

The calls of both shrews show a tremolo-structure. While there is no
appreciable effect of the Tr on the frequency, the calls of torpid shrews
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are characterized by a clear change in its rhythm (Fig. 1). It is there-
fore necessary to analyze the call duration as well as the number of
frequency peaks in a single call. The call duration and the number of

Fig. 1. Defence calls of Crocidura russula (on the left) and Suncus etruscus (on the
right) during normothermia (upper row) and torpor (below).

Table 1

Characteristics of the calls.

Amplified 2
L Rectal Number of Call Modulation Number
Tﬁgl’ temp. T%’; fr:;ég?“' frequency duration!, . ratel, of calls
bl 0 p kHz’ peaks 1 F msec F/sec analyzed
Suncus etruscus
1 ea; 16,02 s 16.8 10:1 TR 282.71+51.8 3ot 8. 15
2 16.2 ot 14.9 8.7t 1.8 237.6162.1 36.6+ 4.8 10
" 18.4 o 18.2 12.1% 2.6 234.81+45.5 1.5 28 10
4 23.0 sk 14.8 131196 156.9129.7 83.5% 5.9 7
5 24.5 b B3 12:8:+/3/5 153.21+42.9 83.6+ 3.0 8
6 ca. 3692 s 16.4 24.31+13.6 121.1%59.8 200.7t31.5 15
Crocidura russula
1 23,7 e 10.8 6.8+ 1.8 92.61+24.8 73.4% 8.5 10
2 25.2 - 11.5 7.6t 3.4 86.4133.0 88.0*+ 9.3 10
3 28.4 o 12.2 14.7+ 5.4 117.0+37.6 125.61.8.2 10
4 33.6 = Bl 15.4+12.4 103.4176.0 148.9119.3 10
B 33.8 g 11.0 104+ 35 80.2125.3 129.7+15.2 10
6 34.6 = 11.6 9.9+ 4.6 i e ) 138.5116.7 8
¥ 4 36.3 = 11.8 18.5+10.7 108.5+59.8 . 170.5% 9.3 4

1 Mean, or mean * standard deviation.
2 Tr calculated by means of comparable recordings.
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frequency peaks too show a great variation. While in Suncus etruscus
the call duration decreases with rising Tr, there is no such significant
correlation in Crocidura russula (Table 1). The call duration may depend
on the excitement level or on the stimulus intensity, both factors which
are hard to control.

The critical modification, compared with the normal defence call, is
the decrease of the number of frequency peaks per time unit (modu-
lation rate in Table 1). To check whether the distribution of those mod-
ulations is regular and independent of the call duration, we compu-
ted the regression lines for several body temperatures (16.0—16.2; 18.4;
23.0—24.5; and 26.9°C) in Suncus etruscus. The coefficients of correla-
tion are 0.94 to 0.97; consequently the number of frequency peaks per
time unit is very constant for a given Tr. There is a noteworthy corre-
lation between Tr and the number of frequency peaks per time unit in
both species (Fig. 2). The regression lines are close together and show
no significant difference. This is also shown by an interspecific corre-
lation coefficient of 0.98.

DISCUSSION

The differences in the mean frequency of the calls of the two shrews
are apparently species-specific and independent of the body tempera-
ture. They may depend on the different size, respectively body weight,
as we have shown for seven African species of Crocidura (Hutterer
& Vogel, 1977).

The regular variation of the sound structure with falling body tem-
perature shown in this paper (Fig. 1 and 2) was not known in a mammal
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Fig. 2. The relation between body temperature (Tr) and modulation rate (F/sec)

of the calls in Suncus etruscus and Crocidura russula. The two experiments for

which Tr was estimated afterwards are plotted in the diagram but were not used

for the calculation of the regression lines. Explanation of symbols: Suncus etruscus

O normothermic, @ torpid; Crocidura russula [] normothermic, §ll torpid;

interspecific regression line, r=098; ———— S. etruscus, regression line, r=0.99;
...... C. russula, regression line, r=0.98.
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before. Comparative relations are known in more detail in poikilother-
mic animals: in the amphibian Hyla arborea for instance, the call du-
ration decreases with rising ambient temperature, while the number
of pulses per time unit increases (Schneider, 1977). Manz (1975)
determined the fusion frequencies at which the muscles of the larynx of
tree frogs go into tetanus. His results show a positive correlation be-
tween the temperature and the fusion frequency of the musculus dila-
tator laryngis. His results, if transferable to mammals, could easily ex-
plain our findings with shrews.

The calls of normothermic shrews are typical defence calls. They
easily insert into the regression line (Fig. 2). It is clear from this that
the vocalizations of torpid animals are extended defence calls, modified
by the particular physiological condition. This interpretation is support-
ed by the fact that the shrews utter these calls when disturbed. In
awake animals defence calls are mainly caused by conspecifics; hence
we suppose that the calls of a torpid shrew are an intraspecific signal
of the animal that is unable to flee during deep torpor.

Similar calls have been observed in several Palaearctic hibernators,
for instance in bats (Eisentraut, 1937), in dormice (Eisentraut,
1929; Zippelius & Goethe, 1951; Koenig, 1960), Sicista betu-
lina (Pagast, 1950) and Cricetus cricetus (Sulzer, 1774). Unfortuna-
tely no comprehensive analysis of those calls is available. In all the cases
mentioned above the animals had been disturbed during torpor. Experi-
ments to verify our hypothesis might therefore be of general interest.
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