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The Rate oi Metabolism oi the Lesser Shrew

[With 3 Tables & 1 Fig.]

Oxygen consumption was determined in 76 individuals of Sorex mi-
nutus. The mean daily metabolism (ADMR) is higher in young, sexually
immature shrews in comparison with mature overwintered animals.
Also some seasonal differences are visible. The ADMR at 20°C in young
individuals amounts in summer to 14.88 cc/g hr, in autumn to 14.10 and
in winter to 14.72. In old adults ADMR is equal in spring to 12.52 cc/g hr
and in summer to 11.24. At 15°C ADMR in old adults amounts in spring
to 13.98 cc/g hr, and at 10°C to 16.86 cc/g hr. The lowest recorded oxygen
consumption was equal to 7.04 cc/g hr (body weight 4.6 g). Hence the
metabolic rate of lesser shrew is similarly high as other shrews but dif-
ferent from rodents. Short-term measurements of oxygen consumption
by S. minutus at different temperatures demonstrated that oxygen con-
sumption abruptly increases below 15°C, but changes only slightly in
the range of 20 to 30°C. Daily measurements of oxygen consumption in-
dicate that the lesser shrew belongs to the species active all the day
with a slight predominance of nocturnal activity.

I. INTRODUCTION

The lesser shrew, Sorex minutus Linnaeus, 1776, belongs to the
smallest mammals and for this reason its metabolic rate was supposed to
be extremely high. The first investigations on this species were carried
out by Hawkins, Jewell & Tomlinson (1960). They measured
heat losses in one individual using a differential calorimeter. Later
Hawkins & Jewell (1962) determined the food intake in two re-
presentatives of this species. The results of these investigations proved
that the rate of metabolism in S. minutus is indeed very high, but it does
not differ significantly from that of small rodents. On the other hand,
Bashenina (1965) made a short-term measurement of oxygen con-
sumption at different ambient temperatures in 5 individuals of the lesser
shrew and observed unusually strong reaction to cold.

None of the mentioned papers paid attention to the phenomenon of
seasonal and age changes of shrews (Dehnel, 1949) reflected not only
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in morphological features (for references see Pucek, 1970), but also in
physiological indices (Gebczynski, 1965). Hence the present study
was aimed at the measurement of oxygen consumption in the full life
cycle of the lesser shrew including various seasons.

II. MATERTAL AND METHODS

Lesser shrews were trapped in damp biotopes of the Bialowieza National Park.
The trappings and measurements were carried out in the years 1963—1964 and 1966
—1970, thus permitting for the determination of oxygen consumption in 76 shrews,
including 24-hour measurements in 60 individuals.

The shrews, after they had been brought to the laboratory, were placed singly
in wooden cages padded with moss and wooden shavings. The temperature in the
laboratory room ranged from 15 to 19°C. Minced meat with various additives was
used as the food (Wolk, 1969).

Daily measurements of oxygen consumption by shrews were carried out in 2 to
5 days after capture and every individual was used only once. In the determinations
of chemical thermoregulation, lasting 15 to 60 min., the same shrews were used
several times. Oxygen consumption was determined either by means of a closed-
-circuit respirometer of the Kalabukhov-Skvortzov type (Gebczynski, 1963), or
of the Morrison type (Morrison & Grodzinski, 1968). In daily runs 9.0 or
14.4 1 chambers were used. During short measurements a shrew was placed in a cage
made of wire net (2X2X 4 em) in a 1 1. chamber. The method of measurements
has been described in detail in the earlier paper (Gebczynski, 1965).

III. RESULTS

1. Daily Metabolism Rate

Daily measurements of oxygen consumption were carried out in all
seasons at the temperature of 20°C, and in spring additionally at 10 and
15°C (Table 1). The average daily metabolism rate (ADMR) is different
in particular seasons, and moreover depends on the animal age. The high-
est ADMR, expressed in cc/g hr, was found for young adult individuals
in summer. The value is highly significantly different (Student
t-test, P << 0.001) from that shown in the same period by overwintered
old adults. The obtained results were also expressed in kilocalories assum-
ing that 4.8 kcal is the equivalent of 11 of oxygen. After this computation
it was possible to conclude that the energy requirement in a young adult
is higher in summer by as much as 40% when expressed per 1 g of body
weight, in comparison with an old adult (Table 1). Since, however, the
overwintered animals show at that time much higher body weight, energy
requirements were further computed for the metabolic body size (kg®™).
In this case it is clearly visible that in summer the metabolism rate in
young shrews is 44% higher than in old ones (Table 1).
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Young adult shrews captured in autumn have a lower ADMR than
those in summer, but the difference is statistically not significant. A si-
milarly non-significant difference was found to exist for young adult
shrews between winter and autumn. In overwintered animals ADMR
measured in spring is markedly lower than in young adults examined in
winter (P << 0.01). Also old adults in summer show significantly lower
ADMR than those in spring.

Hence in young individuals of the lesser shrew ADMR is considerably
higher than in overwintered animals. On the other hand, young shrews
do not show such seasonal differences as adult ones (Table 1). Also after
computing oxygen consumption for metabolic body size young shrews
differ markedly in the energy requirement from the overwintered ani-
mals (Table 1).

Table 1
Average daily metabolism rate (ADMR) of the lesser shrew in different seasons.
Summer — June and July, Autumn — October, Winter — January and February,
Spring — April and first half of May.
Season | Temp., |[Avg. body| cec/g hr kcal/g | keal/animal | keal/kg®"™
ard age i wt., g +=5.D. per day per day per day L
Summer
young ad 20 291 14.88+1.44 1.714 4.988 639.5 14
Autumn
yvoung ad 20 3.02 14.10£1.05 1.624 4.905 610.1 8
Winter
young ad 20 2.85 14.72+1.31 1.697 4.836 636.3 4
Spring
old ad 20 4.04 12.52+0.89 1.442 5.827 485.6 12
Summer
old ad 20 4.62 11.24+1.17 1.295 5.982 443.1 10
Spring
old ad 15 4.54 13.98+0.80 1.610 7.311 558.1 6
Spring
old ad 10 3.91 16.8611.66 1.942 7.596 677.9 6

Additional daily measurements at 10 and 15°C in spring enabled draw-
ing the conclusion that lowering ambient temperature leads to a signi-
ficant increase of oxygen consumption (Table 1). This rise is more pro-
nounced between 10 and 15°C than ketween 15 and 20°C, because in the
first case the difference amounts to 2.88 cc/g hr, and in the second one
to 1.46 cc/g hr, being almost twice as high.

2, Minimum and Maximum Oxygen Consumption Rate

During daily runs the periods of the lowest and highest oxygen con-
sumption were recorded. This enabled the comparison of these values
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with ADMR to be made (Table 2). It was found that the minimum oxygen
consumption is in all groups similar and constitute 56.0-—66.4% of the
mean daily value. On the other hand, maximum oxygen consumption is
two times higher than the ADMR value (Table 2). Only in winter this
maximum value was considerably lower than in remaining seasons.

3. Chemical Thermoregulation

Chemical thermoregulation in S. minutus was measured in overwinter-
ed animals in spring and summer and in young animals in summer in
the range from 2 to 35°C (Table 3).

Although oxygen consumption depends on temperature the relationship
is not directly proportional. The increase of metabolism is meost prono-
unced in the temperature below 15°C. In the range of 5 to 15°C the
change in the metabolism rate amounts to 1.02 cc/g hr per 1°C when
measured in old shrews in spring, or to 0.98 in summer. Young shrews

Table 2
Minimal and maximal oxygen consumption rate in S. minutus during daily
measurements.
ce/g hr Min.: ADMR | Max.: ADMR Max.:

Season & age

in per cent | in per cent Min.

ADMR Min. Max.

Summer, young 14.88 9.07 31.11 60.9 209.1 3.43
Autumn, young 14.10 8.37 29.13 66.4 206.6 3.50
Winter, young 14.72 8.24 25.74 56.0 174.8 3.12
Spring, old 12.52 752 24.28 60.1 193.9 3.23
Summer, old 11.24 6.99 22.15 62.2 197.1 3.17

show a much higher value of 1.26 cc/g hr per 1°C. In the temperature
above 15°C the metabolism rate decreases in all groups and does not ex-
ceed 0.41 cc/g hr per 1°C. The minimum oxygen consumption falls for 25
or 30°C and in higher temperatures the metabolism again increases
(Table 3).

It should be emphasized that the values obtained in these measure-
ments do not correspond to the rate of basal metabolism, although they
probably establish the range of neutral temperatures. Their difference
ifrom the basal metabolism is proved by the fact that minimum values
obtained in daily runs at 20°C are lower even from oxygen consumption
at 25 or 30°C (cf. Tables 2 and 3). With short-term measurements of
oxygen consumption used for estimation of chemical thermoregulation,
the shrews are not immobile, and any activity increases oxygen con-
sumption. Thus in order to obtain the lowest metabolism rate at neutral
temperature an additional experiment was carried out.
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Oxygen consumption was measured in overwintered shrews in spring
at 26°C and the behaviour of animals was taken into account. Only the
periods of total rest were employed for the calculations. The lowest
oxygen consumption estimated in these conditions in two individuals
(mean body weight 4.60 g) was identical and equal to 7.04 ce/g hr, or 3.73
kcal/day. This value is very similar to the minimum value obtained in
daily runs, the difference being less than 7%. This small difference may
be due to the fact that although dailv measurements were carried out at
the temperature below the thermoneutral zone the animals could utilize
the nest in distinction to shrews examined in short runs. Hence the mi-

Table 3

Oxygen consumption rate during short measurements (15—60 min.)
at different seasons.
Average body weight of shrews and number of measurements are given.

Sea- Ambient temperatures, °C
son Oxygen
and i
afie sepsumption, 5 10 15 20 25 30 35
w celg hr 31.21 2515 1859 1668  15.05 1240  15.46
& 2SD. +0.96 1.32 1.60 1.06 0.79 0.92 =
52 Wt g 3.10 3.08 3.22 2.86 2.90 3.02 2.95
g™ n 4 7 7 12 7 6 2
c L 1 == i
2 ce/g hr  31.01 2384 1698 1401 1292 11.93 1045 12.31
le *8SD. +1.94 0.88 1.07 0.94 1.06 112 —
| |0 Wt, g 4.65 5.00 4.95 4.83 495 5.10 4.98 5.06
| n 2 6 6 8 9 8 7 4
ey celg hr 2316  17.13 1297 1220 11.44  13.17
| &l EB5D. +1.36 0.66 0.78 0.57 0.89 -
| BElo Wt, g 416 4.67 4.37 412 457 4.82
} o n 11 8 22 14 6 3

nimum oxygen consumption may be regarded as the value very close to
the basal metabolism rate. In those periods shrews remained with cer-
tainty in the state of rest.

4. Social Temperature Regulation

In order to establish whether S. minutus shows the phenomenon of re-
duced metabolism in individuals huddling together the oxygen con-
sumption was measured in shrews kept in pairs. It was observed, how-
ver that shrews did not huddle in these conditions and even sometimes
showed aggressive behaviour. The results of measurements confirmed
these observations and it was found that at 5°C oxygen consumption,
expressed in cc/g hr, was exactly the same in single individuals and in
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pairs. At 15°C even the rise of oxygen consumption in pairs of shrews
was recorded (12.97 ce/g hr versus 14.65 ce/g hr). This resulted of course
from increased activity related to aggressive behaviour. Also in other re-
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Fig. 1. Daily rhythm of oxygen consumption in S. minutus.
Arrows indicate the period of the night.

presentatives of Insectivora — Sorex araneus and Neomys fodiens, no
social temperature regulation has been found to exist (Gebczynski,
unpubl. data).

5. Daily Activity Rhythm

Daily measurements of oxygen consumption allowed for the establish-
ment of the daily activity rhythm. This rhythm is different depending on
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season and age of the lesser shrew (Fig. 1). The highest activity in young
adult shrews in summer was found in the period of night, as indicated
by the ratio of oxygen consumption during night and day. On the other
hand, in the same season the night : day ratio in old individuals is lower
and similar to that found in other seasons. This ratio is only slightly
higher in overwintered shrews in spring (Fig. 1).

The obtained data indicate that shrews belong to species active all the
day with a slight prevalence of nocturnal activity. Also the pattern of
activity is not very distinct and only in old shrews in spring and young
shrews in summer one peak of activity may be distinguished. In young
animals the activity increases before dusk, with the maximum between
hours 22 and 2. In overwintered shrews in spring the peak of activity
appearing during the night reaches maximum just before sunrise but
stretches also to early morning hours (Fig. 1).

Also in autumn young shrews show a slight increase in activity at the
beginning of night and then before sunrise, with a depression in the
middle of night, resulting in two small peaks. In overwintered shrews
a slight increase of activity is observed around midnight. In all studied
groups the minimum activity falls for daily hours and is particularly well
marked between hours 10 and 14 (Fig. 1). This minimum is noted even
during winter, although then it is impossible to distinguish any peak of
activity in other periods of the day.

IV. DISCUSSION

1. Metabolism

The rate of metabolism in the lesser shrew cannot be given as just one
value because it undergoes considerable seasonal changes. The energy re-
quirement depends even to a higher degree on the animal age, since in
voung adult shrews this value is significantly higher than in overwinter-
ed animals, and the difference is more pronounced than in the case of
S.araneus (Gebczynski, 1965). The differences in metabolism be-
tween young adult and old adult shrews are related not only to body
weight because they still exist after computing for metabolic body rsize.
After such recalculation the energy requirement (kcal/kg®™) is almost
identical in all groups of young animals, independently of season. On ‘the
other hand, in old adults this value is not only lower than in young ones,
but moreover shows seasonal changes, and in summer is lower by 9.7%
than in spring (Table 1).

Hence it may be supposed that in this species, similarly to S. araneus
(Gebczynski, 1965), physiological reactions undergo changes with age.

Acta theriol. 22
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This fact is related to morphological variability depending on changes of
internal proportions of the shrew body in different stages of the life
cycle (Pucek, 1965), and may be treated as the adaptation specific for
shrews belonging to the genera Sorex and Neomys (Pucelk, 1970).

The results of former investigations on the metabolism of lesser shrew
are comparable only in a limited degree. Hawkins et al. (1960) after
a few consecutive measurements of heat production at 26°C in an indivi-
dual of 4.8 g body weight concluded that the lowest oxygen consumption
amounted to 4.1 kcal/day, on the average. On the other hand, oxygen con-
sumption determined in the present study in two old adult shrews dur-
ing spring in the state of rest is lower and equal to 3.73 kcal/day. Also
Hawkins et al. (1960) determined heat production in the active shrew
as equal to 6.0 kcal/day, on the average. This result is surprisingly close
to ADMR in overwintered shrews in spring (5.8 kecal/day), and in summer
(6.0 kcal/day).

Unfortunately the data on food intake (Hawkins & Jewell, 1962)
are not comparable to these obtained in the present study since these
authors did not estimate the net energy assimilated by S. minutes. They
concluded only that daily food intake (in kcal per 1 g body weight) is
identical in an old adult in spring and young adult in autumn. When we
compare ADMR of shrews in these seasons it appears that oxygen con-
sumption expressed in kcal/g body wt. does not show differences. This
fact is, of course, insufficient to prove the agreement between the discuss-
ed data, but it indicates that their relative ratio is identical in both cases.

The results obtained by Hawkins et al. (1960) prompted these
authors to the conclusion that the metabolism of shrews is not higher
than that of rodents, and the difference is in the range expected on the
basis of body size alone. A direct comparison of S. minutus with a rodent
of the same size is of course impossible, but such comparison can be made
in respect of common shrew (Gebczynski, 1965) and harvest mouse
(Gorecki, 1971). The ADMR at 20°C in autumn in the common shrew
(7.66 g) amounts to 371 kcal/kg®™, and in the harvest mouse (8.71 g) in
the same conditions to 291 kcal/kg"™. The latter value does not deviates
from those reported for other rodents but it differs from shrews (G e b-
czynski, 1969). Hence it is impossible to agree with the conclusion
that the energy requirement of small insectivores does not differ in any
fundamental way from that of small rodents, especially when the meta-
bolism rate of S. minutus is still higher. The existence of differences be-
tween shrews and rodents is supported by the data on food consumption
(Hawkins & Jewell, 1962), although these authors held the contr-
ary opinion. -
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When S. minutus is compared with S. cinereus (Morrison & Pear-
son, 1946; Morrison & Dawe, 1959; Buckner, 1964) and Micro-
sorex hoyi (Buckner, 1964) — the shrews of equally small body weight
— it appears then that the rate of oxygen consumption is equally high
in all three species. Hence it may be supposed that among mammals
these species are characterized by extremely high metabolism rate. This
fact is related to both small body size and high energy requirement in
comparison with rodents.

Bashenina (1965) concluded that the reaction to cold is different
in starving S. minutus (oxygen consumption changes by 57% per 1°C)
and in fed individuals (oxygen consumption changes by 15.5% per 1°C).
These values would be the highest ones in mammals, but they were con-
firmed only partially, because no such great differences were observed to
exist betwen starving and fed shrews (Gebczynski, 1971). Never-
theless, the reaction to cold is strongly expressed in S. minutus and
amounts to 17 or 18% per 1°C, depending on animal age and season.

2. Activity

Former investigations on the activity pattern of S. minutus demon-
strated that these animals are active both during the day and night
(Tupikova, 1949; Croweroft, 1954; Jansky & Hanak, 1960;
Buchalczyk, in print), with a slight predominance of night activity.
However, the ratio of night to day activity is in this species lower than
in S. araneus (Crowcroft, 1954; Gebczynski, 1965). This is re-
lated to a shorter period of staying in the nest (Tupikova, 1949), be-
cause relative food requirement is higher in S. minutus than in S. ara-
neus.

The period of maximum activity in the lesser shrew is not well esta-
blished. According to Crowcroft (1954) it falls for the day, whereas
Jansky & Hanak (1960) observed that the appearance of maximum
activity depends on the day length. The pattern showed two peaks with
the maximum between hours 21 and 24, and between 3 and 6, while the
minimum occurred between hours 9 and 15. Daily measurements of
oxygen consumption indicate that the two peak pattern is characteristic
only for young adult shrews in autumn, while these animals and old
adults in spring show only broad peak of activity (Fig. 1). Nevertheless, in
all studied groups the minimum activity falls for the same period as re-
ported by Jansky & Hanak (1960).

Hence there is no doubt that the lesser shrew, although active all the
day, shows a definite pattern with the predominance of nocturnal activity.
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Streszczenie

Zmierzono zuZycie tlenu u 76 osobnikéw Sorex minutus Linnaeus, 1776 odla-
wianych w Bialowieskim Parku Narodowym, w latach 1963—1964 i 1966—1970. Sred-
ni dobowy metabolizm (ADMR) jest wyzszy u mtodych, niedojrzalych plciowo ryjo-
wek w porownaniu do dojrzalych piciowo przezimkéw (Tabela 1). Zaznacza sig tak-
Zze zrbéinicowanie sezonowe, szczegoOlnie wyraZne u przezimkoéw. Przy temperaturze
20°C ADMR u osobnik6w miodych wynosi latem 14.88 cm? O,/g godz., jesienig od-
powiednio 14.10, zima 14.72. U przezimkéw ADMR roéwna sie na wiosne 12.52 cm?
O./g godz., a latem 11.24. Najnizszy poziom zuzycia tlenu notowany w ciggu pomia-
row dobowych jest we wszystkich sezonach prawie o polowe nizszy od Sredniej war-
toSci dobowej (Tabela 2). Najnizszy zanotowany poziom metabolizmu wynioést 3,73
kcal/dobe. Zatem tempo metabolizmu u S. minutus jest podobnie wysokie jak u in-
nych ryjowek a tym samym rozne w poréwnaniu z gryzoniami.

" Krétkotrwale pomiary zuzycia tlenu w réznych temperaturach wykazaly, ze u S.
minutus wzrasta ono-gwaltownie w temperaturach ponizej 15°C, natomiast w zakre-
sie 20 do 30°C ulega niewielkim zmianom (Tabela 3).

Dobowe pomiary zuzycia tlenu $wiadczg o tym, ze ryjéwka malutka nalezy do
gatunkéw aktywnych calg dobe z niewielkg przewaga aktywnoSci nocnej nad
dzienng (Fig. 1).



