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Continuing studies on energy cycling through the bog ecosystems of 
southern Manitoba necessitate information on the energy budget of the 
redback vole, Clethrionomys gapperi loringi ( B a i l e y , 1897). Oxygen 
consumption, carbon dioxide production and urinary nitrogen excre-
tion were measured for this species in a closed system respirometer 
over a narrow range of temperatures. At temperatures in the mid 
50o,s F oxygen consumption was 6.33 cc/g-hr, in the low 60°'s it was 
5.92 cc/g-hr and in the high 60o,s 4.59 cc/g-hr. Over these temperature 
ranges carbon dioxide production averaged 4.20, 3.60 and 2.90 cc/g-hr 
respectively and ur inary nitrogen 2.475, 1.838 and 1.821 mg per hour 
respectively. Basal metabolism was approximately 3.97 Kcal/day and 
active daily metabolism about 6.45 Kcal/day based upon an average 
19.1 g vole. The metabolic rates of males were slightly but significantly 
higher than females. 

I. INTRODUCTION 

The redback vole, Clethrionomys gapperi loringi ( B a i l e y , 1897) is 
an important component of the mammalian fauna of Manitoba bogs 
( B u c k n e r , 1958). Recent studies on the bioenergetics of this biotype 
have placed the major emphasis on the insectivores ( B u c k n e r , 1964, 
1966; B e r g e r o n & B u c k n e r , 1970): our attention is now begining 
to focus on the rodent species in the system. 

The metabolism of terrestrial vertebrates can be measured directly or 
extrapolated from laboratory experiments (G o 11 e y, 1967). Direct 
methods such as the D2Oi8 technique (L i f s o n et al., 1955), the use of 
radioactive isotopes ( O d u m & G o l l e y , 1963), and telemetry have 
already shown their usefulness. The indirect methods used by B r o d y 
(1945) and S w i f t & F r e n c h (1954) are now well known and parti-
cularly useful in long term studies. The metabolism of small mammals 
is often determined by measuring the oxygen consumption ( M o r r i -
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s o n , 1947), carbon dioxide production ( B r o d y , 1945) and urinary- 
-nitrogen excretion ( H a w k et al., 1949). 

It is known that the oxygen consumption can be based on body weight 
(kg), metabolic size (kg2/3 and kg3/4), and surface area (m2) (C h i u &  
H s i e h , 1960), but it appears that the most useful equation was esta-
blished by B r o d y (1945), where the relationship existing between 
metabolism and body weight is expressed by the formula Y = a Wb; 

where Y = BMR 
W = body weight in kg 

a = specific metabol ism = 70.5  
and b = a power of t r ans fo rma t ion = 0.73 

On the basis of such information, B u c k n e r (1964) calculated the daily 
metabolic requirements of four species of shrews (S. cinereus, S. arcti-
cus, M. hoyi and B. brevicauda) to be 6.1, 6.9, 6.7 and 9.7 Kcal respecti-
vely. There were no differences between the sexes ( B u c k n e r , 1964,  
N e l s o n & A s l i n g , 1962). Similar results had been calculated by 
P e a r s o n (1947) by assuming a RQ (respiratory quotient) of 0.80. The 
energy requirements of short-tailed shrews found to be a little lower 
than previously reported (M a r t i n s e n, 1969), probably as a result 
of keeping them on a restricted diet. The metabolism of shrews can also 
change from season to season as shown by G ę b c z y ń s k i (1965); he 
found that ADMR (average daily metabolic rate) was 8.8 Kcal in summer, 
8.5 in autumn and 7.5 in winter. 

It is easy to understand that most studies were conducted on voles 
and mice since they are easier to keep in the laboratory. However, 
laboratory strains of wild populations showed metabolic differences 
from wild strains at temperatures of 10 to 20°C ( G ó r e c k i , 1966).  
Measures of metabolic rates should be put on a RMR (resting metabolic 
rate) or a ADMR basis, although the latter form is more convenient for 
computing daily energy budgets ( G r o d z i ń s k i , 1969). Oxygen uptake 
was found to be independent of the oxygen supply down to about 80 mm 
Hg during rest at 27°C, to about 115 mm Hg at 5°C (S e g r e m &  
H a r t , 1967). The RMR of European common voles, Microtus arvalis 
( P a l l a s , 1779) was found to vary in a straight-line fashion between 
5 and 30°C ( T r o j a n & W o j c i e c h o w s k a 1967a, b); at tempera-
tures between 5 and 10°C, the RMR of females was higher than that of 
males. The oxygen consumption is known to increase with a decrease of 
ambient temperature, as shown by D a w s o n (1955), M c N a b &  
M o r r i s o n (1963), and M u r i e (1961). Fat deposits do not influence 
the metabolism of animals provided they stay within standard limits of 
20 percent of the total body weight ( M c N a b , 1968). 
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The DEB (daily energy budget) of bank voles was estimated at 10.2  
Kcal during winter and 10.6 Kcal during summer; 13.5 and 12.6 Kcal  
for European common voles; 11.2 and 12.3 Kcal for field mice ( G r o -
d z i ń s k i, 1966). Metabolism and hemoglobin contents of voles were 
positively correlated except in winter, when high oxygen consumption 
was observed with the lowest blood hemoglobin content ( S h e v c h e n -
k o, 1968). Harvest mice (Reithrodontomys julvescens) showed a reverse 
energy expenditure pattern; in summer they consumed 5.6 Kcal/day and 
in winter 8.8 Kcal/day (G a e r t n e r, 1968), an 80 percent increase in 
energy requirement. 

Pregnancy and lactation are periods of intense energetic requirements 
for European common voles; pregnant females reached a consumption 
of 18.8 Kcal/day and lactating ones 21.0 Kcal/day ( T r o j a n & W o j - 
c i e c h o w s k a , 1967); this represented increases of 23 and 37 percent 
energy expenditure compared to non-reproducing females. K a c z m a r -
s k i (1966) estimated these two functions to require 32 and 122 percent 
more energy; he also showed that a litter of 4 would require a total of 
364 Kcal from the mother. M i g u l a (1969) found that the production 
and nursing of one young vole required 75.9 Kcal. 

Besides reproduction, the DEB model is composed of nest life and 
search for food ( T r o j a n & W o j c i e c h o w s k a , 1969). It was found 
that mice could spend 2.3 Kcal/day in voluntary activity under different 
temperatures (10—20—30°C), which made up 12, 16 and 27 percent of 
their total daily expenditure. The working oxygen consumption of Euro-
pean common voles was 6.5 times the resting value while that of the 
bank voles was 7 times the resting value (J a n s k y, 1959). The act of 
swimming in white rats was found to consume 2 or 3 times the basic 
values ( L u s t i n e c , 1958). Similar results were obtained for bank voles 
(2.0—2.1) and field mice (1.6) ( G r o d z i ń s k i & G ó r e c k i , 1967). 

The influence of nest life on the metabolism of animals was indirectly 
estimated. Darkness was found to decrease by 27 percent the oxygen 
consumption of European common voles ( T r o j a n & W o j c i e c h o w - 
s k a , 1968a, b). The effect of huddling with 6 animals or more was also 
found to decrease the basic requirements of voles by 36 percent (T r o-
j a n & W o j c i e c h o w s k a , 1968). Using 4 animals at a time, G r o - 
d z i ń s k i & G ó r e c k i (1967) lowered the requirements of bank voles 
by 13 percent. 

II. MATERIALS AND METHODS 

The metabol i sm of redback vole was de termined by their oxygen consumption. 
The appa ra tu s was a modif icat ion of the closed-system automat ic resp i rometer 
used by B u c k n e r (1964). The metabolic cages consisted of ba t t e ry jars con-
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ta ining a screen mesh floor par t ly covered unde rnea th by a sheet of polyethylene 
plastic in order to protect the u r ina ry excret ions and soda l ime pellets f r o m fecal 
contaminat ion and permi t the la t ter ones to absorb wa te r and carbon dioxide. The 
appara tus had also feeding t rays and wa te r bottles kept to the side of t he jars 
by suction cups (Fig 1). F o o d 1 and wa te r w e r e given ad libidum at all t imes. 
Some nesting mate r i a l s were also included in the system. 

The oxygen consumption was recorded automatical ly by a m a n o m e t e r - t y p e -
- resp i rometer connected to an Esterl ine Angus Recorder; readings were corrected 
for each 24-hour period by the introduction of a the rmobaromete r in the w a t e r 
bath. The manomete r s were cal ibrated a f te r each exper iment to minimize the 
possible ef fec t of the room tempera tu re on the water . 

Fig. 1. Typical metabol ism cage used to de te rmine the metabolic r equ i rements of 
redback voles. 

The r edback voles were captured par t ly in auxi l ia ry t rap- l ines of a pe rmanen t 
sampl ing plot of the Ver tebra te Ecology Team, and par t ly f r o m another plot near 
the Nuclear Research Center of P inawa, Manitoba. The newly captured voles were 
brought to the labora tory and acclimatized to their new envi ronment for a min i -
m u m of a month . They w e r e then placed under exper imen ta l conditions for a one-
-day per iod and f inal ly tested for ano the r 24 hours. The metabolic cages were 

1 The pig s t a r t e r pellets used were composed of: 12.7®/o f r ee wate r , 18.1«/o c rude 
protein, 40.0°/o c rude fa t , 3.0°/» salt. 
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Table 1 
Mean values of oxygen consumption and carbon dioxide product ion of 20 redback 

voles tested under 3 d i f fe ren t tempera tures . 

Tempera tu re Mean weight H0 2 consumption COs p roduct ion 
°F °C of animals, g cc per h r cc per g -h r cc per h r cc per g - h r 

69—72 20.6-22.2 19.7 88.6+21.8 4.59±1.02 55.6+10.2 2.88+0.51 
62—64 16.7—17.8 19.0 111.9+22.7 5.92+0.95 67.1± 8.8 3.61+0.61 
53—57 11.7—13.9 19.1 119.4+24.2 6.33±1.26 78.8=fcl0.9 4.17+0.65 

TEMPERATURE CF ) 

Fig. 2. Oxygen consumption, carbon dioxide production and t e m p e r a t u r e re la t ionships 
of 20 redback voles. 

immersed in a water bath kept at a constant t empera tu re for the pr ied of the 
exper iment . The tempera tures ranged f rom 53 to 73° F (11.6 to 22.8° C). The caloric 
util ization in the metabolic process was calculated a f te r Brody's technique (B r 0-
d y , 1945). 

III . RESULTS AND DISCUSSION 

The mean values of daily oxygen consumption and carfccn dioxide 
production of redback voles are listed in Table 1. Oxygen consumption 
and carbon dioxide production increased as temperature decreased: the 
Acta theriol. 7 
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oxygen consumption increased however, at a greater rate than did 
carbon dioxide production (Fig. 2), so that the RQ values were lower 
than expected. The redback voles consumed daily 4.59 cc of oxygen per 
g-hr at 69—72° F, 5.92 cc at 62—64° F and 6.33 cc at 53—57° F. The 
carbon dioxide production averaged 2.90, 3.60 and 4.20 cc/g-hr for the 
same gradient of temperatures. The latter figures are surprisingly low 
when compared to those of P e a r s o n (1962) and M o r r i s o n (1948). 
Assuming RQ values of 0.70 and oxygen intakes such as shown above, 
the C02 production should average 3.21, 4.14 and 4.43 cc per g-hr at 
similar temperatures. 

When oxygen consumption and carbon dioxide production were plotted 
against their respective temperatures, a linear relationship held true at 
the 90 percent level for the oxygen and 99 percent for the C02 produc-
tion (Fig. 2): as stipulated earlier, oxygen consumption tended to increase 
at a higher rate than C02 production did. Table 2 shows the relationship 
existing between the respiratory quotients of voles and their correspond-
ing 0 2 and C02 values. The oxygen consumption appeared to be related 
directly to the RQ values while C02 production did not show such 
relationship. 

When analysed by age and sex groups, the oxygen consumption and 
carbon dioxide production gave interesting trends. Generally speaking, 
the average consumption of oxygen was higher in males than in females 
(Table 3). This is contrary to the general opinion that females have higher 
rates of oxygen consumption; such results have already been compiled 
for Peromyscus ( C o o k & H a n n o n , 1954), tree-shrews ( N e l s o n & 
A s 1 i n g, 1962), and common voles ( T r o j a n & W o j c i e c h o w s k a , 
1967). On the contrary, our results support the hypothesis that males are 
more sensitive to mild stress when compared to females (C h i 11 y, 1960; 
S c h e 1 1, 1967). The oxygen consumption of males was found to be 1.06, 
1.08 and 1.08 times those of females for the decreasing order of tempe-
ratures. Sub-adult males consumed more oxygen than did females, 
although the trend was less obvious among adults, where females con-
sumed more at 62—64° F and much less at the two extremes. The carbon 
dioxide production was a little higher in males at both maximum and 
minimum temperatures. The production of males amounted to 1.02, 0.96 
and 1.04 times those of females for the decreasing order of temperatures. 

The carbon dioxide production of redback voles was found to be sta-
tistically related to the oxygen consumption at the two extreme tempe-
ratures (P > 99 percent), while at the middle temperature range tested 
these two values were related only at the 93 percent level (Table 4). The 
relationship held true at all temperatures only when voles with RQ of 
0.73 and over were analysed (P > 99 percent). The relationship appeared 
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Table 2 
Relat ionships between oxygen consumption, carbon dioxide product ion and the 

respi ra tory quot ients (RQ) of 20 redback voles. 

Tempe ra tu r e 0 2 and RQ C 0 2 and RQ 
°F °C r y r y 

69—72 
62—64 

3—57 

20.6 
16.2-
11.7 

-22 .2 
-17 .8 
-13 .9 

—0.632* 
—0.788* 
—0.663* 

169.20— 125.32x 
193.32—131.08x 
257.86—207.28x 

0.028 
0.223 
-0.186 

* Probabil i ty > 99«/o level. 

Table 3 
Mean values of oxygen consumption and carbon dioxide product ion of redback 

voles (analysed by age and sex). 

Oxygen Carbon Dioxide 
Temp. 

Males Females Males Females 
Sa Mean A Sa Mean A Sa Mean A Sa Mean A 

69—72 
20.6-22.2) 

6?—64 
(16.7—17.8) 

5.3—57 
(11.7—13.9) 

83.6(8)* 104.3(4) 
90.5(12) 

109.4(10) 128.2(3) 
114.1(13) 

122.5(9) 124.2(4) 
123.0(13) 

68.4(4) 102.9(4) 
85.7(8) 

88.0(5) 136.1(3) 
106.0(8) 

100.4(3) 121.4(5) 
113.4(8) 

51.6(8) 64.6(4) 
56.0(12) 

63.6(9) 73.2(3) 
66.0(12) 

78,3(9) 83.9(4) 
80.0(13) 

46.7(4) 63.2(4) 
55.8(8) 

67.8(5) 70.9(3) 
69.0(8) 

69.5(3) 81.2(5) 
76.8(8) 

* The numbers in parentheses re fer to the number of animals tested at a given 
tempera ture . Sa - subadult , A - adul t . 

Table 4 
Relationships be tween the oxygen consumption (X) and the carbon dioxide 

product ion (Y) of 20 redback voles. 

Tampera tu re 
°F °C 

cc 0 2 / h r vs cc C 0 2 / h r cc 0 2 / g - h r vs cc C 0 2 / g - h r 
Tampera tu re 

°F °C r Y r Y 

9 — 72 20.6 — 22 2 0.725* 2.56 + 0.34X 0.674* 1.47 + 0.31X 
2 — 64 16.7 — 17.8 0.4211 4.76+0.17X 0.285- 2.48 +0.19X 
3 — 57 11.7 — 13.9 0.8 2* 2.92 + 0.42X 0.863* 1.38+ 0.44X 

* Probabil i ty > 99«/0 level. 1 Probabi l i ty > 93«/o level. 2 Probabi l i ty > 78°/» level. 

to be weaker when oxygen and carbon dioxide values were converted 
to a volume per g-hr basis. This suggests that the weight of animals 
could have had an influence on either the 0 2 consumption or the C02 

values or on both of them. This contradicts the studies by P e a r s o n 
(1962) when he mentioned that one need not correct the C02 output for 
weight at various temperatures. 
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The daily urinary-nitrogen measurements were performed on 5 voles 
using a gradient of temperatures similar to that which was used for 
their metabolism studies (Table 5). The daily overall production averaged 
46.9 mg for animals weighing 20.9 g. The fluctuations of the nitrogen 
measurements at different temperatures suggested no correlation be-
tween the latter values. However, a decrease in nitrogen excretion 
seemed to have occurred as temperature increased; the average nitrogen 
excretion at 54, 66 and 72° F indicated a slow decrease from 59.4 to 
44.1 mg, to finally reach 43.7 at the higher temperature. 

Table 6 
The metabol ic r equ i rements of redback voles. 

Tempera ture , °F (°C) 
Type of analysis 53—57 62—64 69—72 

(11.7—13.9) (16.7—17.8) (20.6—22.2) 

Mean daily u r ina ry -n i t rogen 
excret ion (mg/vole) 59.35 44.14 43.70 

Daily energy for protein catabolism 
(Kcal) 1.57 1.17 1.16 

Daily metabol ic r equ i r emen t s 
(Kcal) 

13.25 
13.50 

12.53 
12.77 

9.91 
10.15 

SD A for prote ins ; 40«/o of calories 
der ived f r o m protein catabolism 
(Kcal) 0.629 0.468 0.463 

Table 7 

The metabol ic r equ i rements of redback voles using the calorific conversion of oxygen 
and RQ values. 

T e m p e r a t u r e Max imum Daily 0 2 consumtion Calorif ic conv. 
F C HQ (liter) (Kcal) 

69—72 20.6—22.2 .78 2.126 10.15 
62—64 16.7—17.8 .76 2.688 12.77 
53—57 11.7—13.9 .74 2.856 13.50 

Based on oxygen consumption, carbon dioxide production and urinary-
-nitrogen excretion, the metabolic requirements of redback voles are 
listed in Table 6. In order to sustain their needs at a fairly low tempe-
rature, the voles need to increase their energy intake by 34 percent. At 
a temperature of 53—57° F, which is thought to be about the yearly 
average temperature of the Manitoba bogs ( B u c k n e r , 1964), the voles 
had to burn up to 12 percent of their daily energy budget (DEB) to 
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sustain their protein metabolism. The DEB of redback voles fell within 
the limits set by several workers ( K a c z m a r s k i , 1966, T r o j a n & 
W o j c i e c h o w s k a , 1967). However, the increase of their daily budget 
from 69—72° F to 53—57° F contradicted the results of G o r e c k i 
(1968). 

The requirements were also calculated using the calorific conversion 
of oxygen and maximum values of RQ. Although such estimations are 
of maximum values, they fall very close to those produced earlier (Ta-
ble 7), that is within 2 percent of the former values. By substituting 
these values in B r o d y's (1945) equation, one can calculate the expec-
ted BMR. For redback voles weighing 19.1 g, the basal requirements 
should amount to 3.97 Kcal/day. Their calculated ADMR at 70—72° F 
amounted to 6.45 ± 2.48 Kcal/day and the ADMR corrected for SDA 
(Specific dynamic action) of proteins averaged 5.98 ± 2.48 Kcal/day. The 
wide discrepancy between the observed and calculated values suggests 
that the measurements were not made in the thermoneutral zone, which 
is known to be above 72° F for voles. A simple x2 analysis between the 
observed and calculated values supports this idea {%2 = 52.1 > %2 of tables 
at 36.2). It is believed however, that a good proportion of the population 
was in or near the thermoneutral zone. This is supported by the fact that 
if we do not consider the 3 voles which showed the highest individual y} 
the newly formed value amounted to 29.2 and proved to be statistically 
significant at the 99 percent level. This suggested then that 85 percent 
of the laboratory vole population could have reached a near BMR level. 
The discrepancy between the two values surely would have been reduced 
had the measurements been taken at a still higher temperature. 
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ZAPOTRZEBOWANIE ENERGETYCZNE NORNICY 

Streszczenie 

Badania przepływu energii w bagiennych ekosystemach południowej Mani toby 
w y m a g a j ą informacj i o budżecie energetycznym nornicy, Clethrionomys gapperi lo-
ringi (B a i 1 e y, 1897). Zmierzono zatem zużycie t lenu, p rodukcję C 0 2 i wyda len ie 
azotu z moczem u tych nornic w respi rometrze systemu zamkniętego (Ryc. 1) 
i w wąskich granicach t empera tu ry otoczenia. Zużycie t lenu w t e m p e r a t u r a c h ca 
12—14°C wynosiło 6,33 cm s /g-hr , w ca 17—18°C — 5,92 cm3 /g-hr a w t e m p e r a t u r a c h 
około 21—22°C — 4,59 cm3 /g-hr (Tabela 1). W tych samych zakresach t e m p e r a t u r p ro-
dukc ja dwut lenku węgla wynosiła odpowiednio 4,20,3,60 i 2,90 cm 8 /g-hr (Tabela 2) 
a azotu w moczu odpowiednio 2,475, 1,838 i 1,821 mg/hr (Tabela 5). Dla przec ię tne j 
nornicy o ciężarze ciała 19,1 g metabol izm podstawowy ( B M R ) wynosił 3,97 Kcal/dzień 
a średni metabolizm dobowy ( A D M R ) — 6,45 Kcal/dzień (Tabele 6, 7). Tempo m e t a -
bolizmu samców było istotnie wyższe niż samic (Tabela 3). 


