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The min imal a n d m a x i m a l metabol ic r a t e s of Sorex sinuosus a r e 
s imilar to o ther species of shrews. These metabol ic ra tes showed consi-
derab le var iabi l i ty depend ing upon the season, nu t r i t iona l s tate , sex 
behavior and t ime of day. T h e ave rage min ima l metabol ic r a t e a t 20 cC 
is 4.5 'kcal/day whi le the ave rage m a x i m u m metabol ic r a t e a t 20°C is 
6.0 kcal /day. Only unde r e x t r e m e f a s t i ng condi t ions did min imal m e t a -
bolic ra tes approach predic ted basal v a l u e s for smal l mammal s . The 
constant ly ac t ive n a t u r e of sh rews con t r i bu t e s to the high metabol ic 
ra tes observed in S. sinuosus. 

[Environ. Sci. Engineer . , Inc. P.O. Box 13454, Univ. Stat. , Gainesvil le , 
F lor ida 32605 (JRN) and Dept. Zool., Univ . Calif., Davis, Cal i forn ia 95616 
(RLR)]. 

I. I N T R O D U C T I O N 

Opinion is divided as to why the observed »basal« metabolic ratets of 
shrews are higher than the predicted basal metabolic rates derived from 
K 1 e i b e r's {1967) allometric equation for mammals of similar size. One 
group of investigators believes that these observed high metabolic rates 
are characteristic of shrews ( P e a r s o n , 1948; G < ? b c z y r i s k i , 1965, 
1971a; G ^ b c z y n s k a & G ^ b c z y n s k i , 1965; P o c z o p k o , 1971; 
V o g e l , 1976). V o g e l <1976) compared the metabolism of 13 species of 
shrews and concluded that only the tribe Soricini have a uniquely higher 
metabolic rate. The subfamily Crocidurinae is characterized by relatively 
low metabolic rates. The tribes Neomyini and Blarinini have intermediate 
metabolic rates. Other investigators attribute these observed high values 
to experimental conditions such as SDA and activity ( M o r r i s o n , et al., 
1959; H a w k i n s et al., 1960; B u c k n e r , 1964; M a r t i n s e n , 1969; 
P i a t t , 1974). 

Several factors are known to significantly affect the metabolism of 
small mammals including size, shape, sex, reproductive condition, cir-
adian variation, season, activity and temperature (G e s s a m an , 1973; 
G r o d z i n s k i & W u n d e r , 1975). Detailed studies on the metabolism 
and factors affecting the metabolism of the genus of Sorex have been 
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conducted on five species: S. araneus ( G ^ b c z y n s k i , 1965); S. arcticus; 
S. cinereus ( B u c k n e r , 1964); S. minutus ( G ^ b c z y n s k i , 1971b). Ad-
ditional studies on other species are needed to further explain the meta-
bolic uniqueness of shrews ( P o c z o p k o , 1971). The objectives of this 
study were to measure the minimum and maximum metabolic rates of 
S. sinuosus and to determine some factors influencing the metabolic 
rate of this species. 

II. M A T E R I A L AND M E T H O D S 

Sorex sinuosus is a smal l insect ivore wh ich occurs in the n o r t h e r n sal t m a r s h e s 
of San Pablo Bay and Suisun Bay, of Ca l i forn ia ( R u d d , 1955). At b i r th S. sinuosus 
weighs abou t 0.5 g r a m s and grows to a n a v e r a g e we igh t of 4.5 g rams . Reproduc -
u v e i y ac t ive sh rews m a y weigh as m u c h as 7 g r a m s ( R u d d , 1955). Reproduc-
t i ve act ivi ty s ta r t s in la te F e b r u a r y , reaches a peak in May, and decl ines sharp ly in 
ear ly J u n e ( J o h n s t o n & R u d d , 1957). S. sinuosus has a l i fe expec tancy of less 
t h a n one year a l though a smal l n u m b e r of ind iv idua l s do su rv ive t h rough the 
second year . The re is a t u rnove r in age classes of adu l t s born the prev ious year to 
adu l t s born in the ca lendar year du r ing the summer . At this t ime th ree age classes 
can be ident i f ied: juveni les , young adul ts , and old adu l t s ( R u d d 1955). Because 
of t he def ined breeding season and seasonal change in age classes, t h ree seasons 
w e r e recognized for analys is : spr ing (March, April , May, and June) , l a te s u m m e r 
(July , August , Sep tember , a n d October), a n d win te r (November , December , J a n u a r y , 
and February) . S. sinuosus w a s cap tu red using S h e r m a n l ive t r aps (22X8X8 cm) 
dur ing 1967 to 1970. Cap tu red sh rews were ma in t a ined in the l abora to ry unde r the 
n o r m a l l ight ing reg ime of the salt m a r s h and fed a m i x t u r e of beef b r a in s and 
P u r i n a Cat Chow (Registered t r ademark) . The an ima l room a p p r o x i m a t e d the nor -
m a l t e m p e r a t u r e reg ime of the sal t mar shes to wi th in 5°C. 

Oxygen consumpt ion was measu red in a metabol i sm c h a m b e r using a Beckman 
model F -3 pa ramagne t i c oxygen ana lyzer wi th a span of 19—21 percen t oxygen in 
an open-c i rcu i t system. The mil l ivolt ou tpu t of the ana lyzer was cont inuously 
moni tored on a Honeywel l S t r i p c h a r t recorder . The» an ima l s w e r e suppl ied wi th 
ca rbon d iox ide - f r ee a i r and oxygen analys is was also p e r f o r m e d on ca rbon dioxide- 
f r e e air . Oxygen consumpt ion va lues we re ca lcula ted according to t h e fo rmu la of 
D e p o c a s & H a r t (1957) for open-c i rcu i t systems. This p rocedure has been found 
to p roduce accura te resu l t s (H i 1 1, 1972). 

The metabol i sm chamber w a s a 0.33 l i ter glass chamber . T h e f loor of the chamber 
was wired wi th micro-swi tches wh ich detected any locomotor act ivi ty . This act ivi ty 
was recorded s imul taneous ly wi th oxygen consumpt ion on an Es te r l ine -Angus Event 
recorder . By compar ing oxygen consumpt ion va lues wi th ac t iv i ty record ings the 
metabol ic ra tes dur ing per iods of ac t iv i ty a n d inact iv i ty could be de te rmined . Dur ing 
the expe r imen t s t he metabol i sm chamber was submerged in a cons tan t t e m p e r a t u r e 
w a t e r ba th kep t a t 20°C. Food and w a t e r w e r e provided ad libitum du r ing each 
expe r imen t . Metabolic m e a s u r e m e n t s w e r e made wi th in th ree weeks of capture . 
The min imal metabol i sm was calcula ted to be the m e a n of the lowest oxygen 
consumpt ion va lues observed in each 15-minute in te rva l t h rough 24 hours . Maxi-
m u m metabol i sm was the m e a n of the h ighes t va lues observed in each 15-minute 
in t e rva l th rough 24 hours . 
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III . R E S U L T S 

The metabolic rate of S. sinuosus exhibited considerable variability 
depending upon the season, nutritional state, behavior and time of day. 
The minimal daily metabolic rate at 20°C ranged from 3.3 ±1.2 kcal/day 
in the winter to 6.9 ± 1.2 kcal per day in the spring (Table 1). 

Comparison of seasonal metabolic rates reveal a significant decline 
[¿(.oij (44) = 3.214] in minimal daily metabolic rates from late summer to 
winter. There is a significant increase [t(.oiK3i) = 3.645] in the metabolic 

Table 1 
Compar i son of the seasonal min ima l dai ly metabol ic r a t e a t 20°C of S. sinuosus 

wi th predic ted basa l metabol ic ra tes . 

Wt. Observed min ima l P r e d i c t e d b basa l Pe rcen t c 
Sex No. (g) metabol ic r a t e metabol ic r a t e d i f fe rence 

(cc02g— : lhr— l) (kcal day—1) a (kcal day—1) 

L a t e S u m m e r 
Males 12 5.4+0.8 7.1+2.2 4.4+1.4 1.4 214 
Females 10 5.3+0.5 8.6+2.4 5.2+1.4 1.4 271 
Both 22 5.4+0.7 7.8+2.1 4.9+1.3 1.4 250 

Winte r 
Males 15 5.0+0.8 5.6+2.5 3.2+1.4 1.3 146 
Females 9 4.8+0.6 6.2+1.2 3.4+0.6 1.3 162 
Both 24 5.0+0.7 5.8+2.1 3.3+1.2 1.3 154 

Spr ing 
Males 7 6.8+1.5 8.6+3.4 6.7+2.6 1.6 318 
Females 2 5.4 10.1 7.5 1.4 435 
Both 9 6.4+1.4 9.4+3.5 6.9+2.6 1.6 331 

a kcal d a y - 1 = c c 0 2 g - 1 h r - 1 X 2 4 h rX w t (g )X4 .8 -M000 . K l e i b e r (1961). 
b kca l /day = 69W.™+1.2 kca l w h e r e W = k g . K l e i b e r (1961). 
c (Minimal metabol ic r a t e -p red ic t ed basal metabol ic ra te /p red ic ted basa l metabol ic 

rate)X100. 

rates from winter to spring. No significant differences existed between 
the seasonal body weights of these experimental animals. Fasting meta-
bolic rates were observed in three shrews during experiments in which 
food was deprived (Table 2). All experiments ended in the death of the 
animal with measurement times lasting from 5 to 23 hours. Fasting 
animals lost between 8 and 10°/o of their body weights. The minimal 
metabolism observed three hours before death (considered post-absorp-
tive) was significantly greater than the predicted basal values. These 
values were 3 to 6 times greater than predicted basal values. At one 
hour before death only one animal showed a metabolic rate significantly 
higher than predicted basal values. At 15 minutes before death the 
fasting metabolic rates of the three shrews were not significantly dif-
ferent from the predicted basal values. 
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Females had an average metabolic rate that was 15°/o higher than 
males (Table 1). Although this difference was not significant, the higher 
metabolic rates of females was observed in each season. Females showed 
a greater variation in metabolic rate than males from season to season. 

Comparison of the minimal metabolic rates of juveniles, young adults, 
and old adults, showed that juveniles had the highest metabolism, and 
old adults the lowest. However, this variation was not statistically signi-
ficant and appears to be weight related (Table 3). One very old female, 

Tab le 3 
Compar i son of the min ima l metabol ic ra tes of va r ious age classes 

of S. sinuosus in l a te summer . 

Juven i l e s Young Adul t s Old Adu l t s 

Number 7 11 8 
Body we igh t (g) 3.7±0.3 
Minimal metabol ic r a t e (cc Oag—»hr—») 9.5±5.7 

4.9+0.5 
8.5+2.3 

5.7+0.6 
6.6+1.6 

Tab le 4 
Compar i son of mean min imal and m a x i m u m metabol ic ra tes for 

la te s u m m e r , win te r , and spring. 

La te S u m m e r Winte r S p r i n g 

Number 22 24 9 
Minimal metabol ic r a t e (cc 02g—'hr—:l) 7.8±2.1 b 
M a x i m u m metabol ic r a t e (cc 0 2 g — J h r — 9 . 5 ± 2 . 1 b 
Percent a d i f f e r e n c e 22 

5.8+2.1 c  
8.8+2.1 c  

52 

9.4±3.5  
12.4+3.3 

32 

a (max. met . r a t e — min. met . r a t e /min . met . ra te) X100. 
b Signif icant ly d i f f e r e n t ; t (.02) (42) =2.464. 

c S igni f icant ly d i f f e r e n t ; t (.ooi) <46) =4.784. 

approximately 22 months old, had a metabolic rate similar to the rest 
of the population sampled. 

Activity was recorded in every hour during the metabolic experiments 
and was a major factor in raising metabolic rate (Table 4). The maximum 
daily metabolic rates corresponding to periods of activity were signi-
ficantly higher (22 to 52°/o) than minimal daily metabolic rates. Although 
maximum daily metabolic rates of spring were 32% higher than minimal 
daily metabolic rates of the spring, they were not significantly different 
[¿(.05)(i6)= 1.858]. Significant differences were observed between the diur-
nal and nocturnal metabolic rates of winter and spring individuals (Table 
5). Individuals from the winter had a slightly greater diurnal metabolic 
rate while individuals from the spring had a 24°/o greater nocturnal 
metabolic rate. There was no significant difference between the diurnal 
and nocturnal metabolism of late summer. 
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IV. DISCUSSION 

Minimal metabolic rates of Sorex sinuosus are similar to the minimal 
metabolic rates observed in other species of shrews, especially the genus 
Sorex (Fig. 1). V o g e 1 (1976) derived an allometric equation for the mini-
mal metabolism of Soricinae (M = 82.6W0-53, where M equals cal./hr. and 
W equals grams). It best describes the late summer minimal metabolism 
of S. sinuosus. The observed minimal metabolism of spring and winter 
animals are respectively higher and lower than the metabolism described 

Tab le 5 
Compar i son of the m e a n d iu rna l metabol ic r a t e w i t h the m e a n noc tu rna l metabol ic 

r a t e a n d n igh t /day ra t ios (N/D) f o r la te s u m m e r , w i n t e r a n d spring. 

L a t e S u m m e r Win te r S p r i n g 

N u m b e r 9 24 15 
Mean d iu rna l metabol ic r a t e 

(cc O z g - i h r - 1 ) 9.6+0.4 6.8+0.6 a 10.2+2.1 b 
Mean noc tu rna l metabol ic r a t e 

(cc 0 2 g~ 1 hr— 9.7+0.3 6.3+0.3 a 12.7+1.6 b 
N/D ra t io 1.02 0.93 1.24 

a S igni f icant ly d i f f e r en t ; t (.05) (22) =3 .3 95. 
b S igni f icant ly d i f f e r e n t ; t (.oi) (13) =3.070. 

by this allometric relationship. At thermal neutrality, the minimal me-
tabolic rates in other species of shrews are considerably higher than pre-
dicted basal values ( M o r r i s o n et al., 1959; H a w k i n s et ah, 1960; 
G ^ b c z y r i s k a & G ^ b c z y r i s k i , 1965). Minimal metabolic rates 
measured under post-absorptive conditions in S. sinuosus, Cryptotis par- 
va (P f e i f f e r & G a s s, op. cit.), S. araneus, S. minutus, and Neomys 
fodiens ( G ^ b c z y n s k i , 1971b) were found to be significantly higher 
than predicted. Only under extreme fasting conditons resulting in death 
of the animal did the observed metabolic rates of S. minutus and S. ara-
neus significantly drop to near »basal« levels. This lowering of meta-
bolism was associated with a reduction in activity of the fasting shrews 
( G ^ b c z y r i s k i , 1971b). S. sinuosus showed the same response to ex-
treme fasting. Seasonal variation in the metabolic rates of shrews is 
common. Winter is a time of energy reduction in Neomys fodiens (G e b-
c z y n s k a & G ^ b c z y r i s k i , 1965), S. araneus and S. minutus (G e b-
c z y n s k i , 1965). A 34°/o decline in the metabolic rate from summer to 
winter is observed in <S. sinuosus (Table 1). 

In European shrews, a reduction in body size and organ weight also 
occurs during the winter (D e h n e 1, 1949; P u c e k, 1965). An analysis 
of the body weights of S. sinuosus revealed a similar seasonal drop in 
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body weights. The average body weight for S. sinuosus is 3.9 ±0.1 grams 
(n = 43) in the winter compared to 4.3 ±0.1 grams (n = 50) for the summer 
and 5.9 ±0.2 grams (n = 120) for the spring. This seasonal reduction in 
metabolic rates and body weights of shrews is hypothesized as an adapta-
tion for physiological conservation during periods of the year with high 
energy demands ( G ^ b c z y r i s k i , 1965; M e z h z h e r i n , 1969). 
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" californicus 

S cinereus Q 
WS sinuosus® 

#S minutus® 
S cinereus Peromyscus leucopus® rMus musculus® 

PREDICTED BASAL 
METABOLISM, MAMMALS 
M=0 3936 W 0 7 5 

I I I I I I J I I I I I I 
8 10 20 

BODY WEIGHT (grams) 

40 60 80 100 

Fig. 1. Comparison of the observed minimal metabolic ra tes of shrews with other 
small mammals : 1-McNab & Morrison, 1963; 2-Pearson, 1947; 3-Morrison et al., 1959;  
4-GQbczynsiki, 1971a; 5-Buckner , 1964; 6-Pearson, 1948; 7-Gebczynska & G^bczyriski, 

1965; 8-Mar t inson; 1969; 9 -Author ; 10-G<?bczynski, 1965. 

An increase in spring metabolic rates is observed in N. fodiens (G q b-
c z y n s k a & G ^ b c z y n s k i , 1965) and S. araneus ( G ^ b c z y n s k i , 
1965). S. sinuosus shows a 67% increase in metabolic rate from winter 
to summer. These increases in energy expenditure of shrews are asso-
ciated with increases in body size resulting in part from reproductive 
maturation ( J o h n s t o n & R u d d , 1955; R u d d, 1955; P u c e k, 1965; 
B r o w n , 1974) and increased activity associated with the reproduction 
( B u c k n e r , 1969; C r o i n - M i c h i e l s e n , 1966; N e w m a n , 1976). 
In the autumn metabolic rates of S. araneus and S. minutus are interme-
diate between the metabolic rates of spring and winter ( G < ? b c z y n s k i , 
1965; 1971). A similar pattern exists in S. sinuosus for late summer me-
tabolic rates (Tab. 1). 
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The metabolic sensitivity of shrews to activity can be seen in the 
differences between the differences in maximum (active) and minimum 
(resting) metabolic rates. Shrews are active twenty-four hours a day with 
greatest amount of activity occurring at night ( H a m i l t o n , 1940; 
C l o t h i e r , 1955; C r o w c r o f t , 1957; I n g l e s , 1960; S h i 11 i t o, 1963; 
B u c h a l c z y k , 1972; N e w m a n , 1976). The difference in maximum 
and minimum metabolic rates of shrews range from 28°/o in Blarina 
brevicauda ( M o r r i s o n et al, 1959) to 343% in S. minutus (G b c z y ri-
s k i, 1971a). In S. sinuosus the maximum metabolic rates were 20 to 
52% higher than minimal metabolic rates (Table 4). 

Activity was recorded every hour during the twenty-four hour expe-
riments. Shrews averaged 8 to 12 periods of recorded locomotor activity 
per hour. The duration of these activity periods ranged from a few 
seconds to 10 minutes of sustained activity. Unrecorded activity such as 
twitching and moving the nose was often observed during the »inactive« 
periods. P i a t t (1974) and V o g e l (1976) conclude that the nearly con-
stant activity of shrews makes the predicted basal values difficult to 
obtain. The constant activity of S. sinuosus during the metabolic expe-
riments supports their conclusions. 

Nocturnal metabolic rates appear to be slightly higher than diurnal 
metabolic rates and correlate with the higher amount of nocturnal acti-
vity observed in shrews. Night/day metabolic ratios range from 1.04 for 
S. cinereus ( G r o d z i r i s k i , 1965) to 1.17 for S. minutus (G q b c z y ri-
s k i, 1971a). S. sinuosus showed a similar pattern during the spring and 
late summer with night/day ratios of 1.24 and 1.02, respectively. During 
the winter, diurnal energy expenditure is slightly higher (Table 5). Sea-
sonal variation in the night/day ratios is also observed in S. araneus 
( G q b c z y r i s k i , 1965). 

Investigations into the metabolic patterns of S. sinuosus and other 
species of shrews reveal a number of significant factors affecting their 
metabolic rates. Efforts at developing daily and annual energy budget 
for shrews should account for these factors, especially seasonal and 
behavioral influences. 
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T E M P O M E T A B O L I Z M U M I N I M A L N E G O I M A K S Y M A L N E G O 
U SOREX SINUOSUS 

Zbadano min ima lne i m a k s y m a l n e t empo metabo l izmu u Sorex sinuosus. Oby-
dwa te p a r a m e t r y c h a r a k t e r y z u j ą się dużą zmiennością i zależą od sezonu, płci, 
wieku, okresu doby i s topnia na jedzen ia . Minimalne , ś redn ie t empo metabol izmu, 
mierzone przy 20°C wynos i 4.5 kcal/dobę, maksymalne , mierzone w te j s a m e j t em-
pe ra tu rze — 6.0 kcal /dobę (Tabela 1). Samice m a j ą ś rednio o 15% wyższy m e t a -
bolizm niż samce. W zależności od sezonu tempo metabo l i zmu ulega i s to tnym zmia-
nom: obniżeniu w okresie od końca lata do zimy i podwyższeniu od zimy do wio-
sny (Tabela 4).Tylko głodzone ry jówki , tuż przed śmierc ią głodową, w y k a z u j ą niższy 
metabol izm min ima lny niż oszacowany dla nich metabol izm pods t awowy (Tabela 2). 

Na jwyższym t e m p e m metabol izmu c h a r a k t e r y z u j ą się osobniki młode a na jn iż -
szym s ta re (Tabela 3). Ustalono, że na jwiększy w p ł y w na t empo metabol izmu wy-
wiera ak tywność r y j ó w e k (Tabela 4) — stąd m a k s y m a l n e dobowe tempo metabo-
l izmu połączone z dużą ak tywnośc ią ruchową jest do 55% wyższe niż min imalne . 
Obse rwowano również is totne różnice w tempie me tabo l i zmu dziennego i nocnego 
u zwierzą t w różnych sezonach (Tabela 5). 


