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Population density and spatial distribution of overwintered (mature) individuals in the 
big-clawed shrew Sorex unguiculatus (Dobson, 1890) were investigated by mark-recapture over 
five year period (1983 - 1987). Density did not vary widely from year to year. Females usually 
had smaller and more stable home ranges than males. Home range overlap between males was 
much larger than that between females. The number of females whose home ranges overlapped 
with that of a male (NFOM) ranged 0 to 6 (mean = 2.65). The sex difference in the use of space 
appeared to due to different reproductive activity. Female territorial behaviour can be attributed 
to the need to secure food resources and hence to increase offspring survival, whereas the larger 
home ranges of males could allow access to several receptive females. 
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Introduction 

Soricinc shrews arc distributed widely over the Northern Hemisphere. The ecology and 
behaviour of shrews must have an important influence on terrestrial ecosystcm in these regions. 
However, there is still little information about social organization and social behaviour of 
shrews. 

One of the important characteristics of the spatial distribution of soricine shrews is that 
territorial behaviour occurs before sexual maturity (Croin Michielsen 1966, Buckner 1966, 
1969; Piatt 1976, Hawes 1977, Pernetta 1977, Ellenbrock 1980, Inoue 1988, see also Barnard 
1984). However, data on spatial distribution and reproductive behaviour of sexually mature 
individuals is scarce (but sec Shillito 1963, Croin Michielsen 1966, Hawes 1977). Spatial 
distribution and use of space appears to be associated directly with reproductive and mating 
activities. Hence, it is predicted that spatial distribution differs between mature males and 
females. 

In this paper, I examine spatial distribution of sexually mature individuals in the big-clawed 
shrew Sorex unguiculatus (Dobson, 1890) and discuss the functional significance of sex 
difference in their use of space. 
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Study area and methods 

Study area 

This study was undertaken in a rectangular section of deciduous broad-leaved forest located at Naganuma, 
Sorachi district, Hokkaido, Japan. An area surrounded by wheat fields on three sides was selected for the 
present survey (Fig. 1). The study area and surrounding areas was partitioned by a watercourse one meter in 
width. The rectangular area was divided into two sub areas - site A (45 m x 40 m, 0.18 ha) and site B (110 
m x 40 in, 0.44 ha). The border between the two areas (broken line in Fig. 1) was partitioned off with zinc 
plates (80 cm high) buried 30 cm deep in the ground (see also Inoue 1988). 

The dominant tree species in the study area were Alnus hirsura and Sambucus sieboldina. The dominant 
ground cover consisted of Solidago alitissima, Artemisia montana, Cirsium kamtschaticum, Hosta rectifolia, 
Polygonum thunbergii and Carex spp. 

w h e a t f i e l d 

Fig. 1. Study area and the surrounded areas. 20m 
Trapping procedures 

The survey was conducted over a period of five years from 1983 to 1987. The survey on site B, however, 
started later in 1985. Population censuses were generally carried out twice a month from April to November 
(1983), October (1984), September (1985, 1986) or July (1987). One census period lasted generally for five 
or six consecutive days, except for occasional interruptions caused by heavy rain. However, to obtain data on 
the change in condition of females and to obtain accurate density estimates in young, census duration was 
increased to 15 and 20 census days in May and June, respectively. Traps without bait were set at 16:00 or 
18:00 hours and examined at 2-hour intervals in 4 - 6 patrols every night. By this procedure, only two shrews 
were killed accidentally. 

Trapping was carried out using pitfall traps (14 cm diameter and 27 cm depth). Forty two (6 x 7) traps in 
Site A and 65 (5 X 13) traps in Site B were set at approximately 7 m and 9 m intervals, respectively. These 
trapping sites was not always fixed. When a shrew was trapped, trapping sites were moved to a new site within 
a circular area of 2 m in a diameter from the initial point of capture. This 2 in circle area was regarded as a 
single trapping site see also Inoue 1988). 
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Shrews were individually marked by toe-clipping at first capture. The trap site, weight, age class, 
reproductive condition and sex of the shrew were recorded at each capture. The shrew captured were divided 
into two age classes, i.e. "overwintered" and "young". Overwintered shrews are heavier and have tails with 
worn, short hairs, whereas young shrews are characterized by light bodies and well-haired tails. The sex of 
overwintered shrews are easily distinguishable. 

To assess the relationship between philopatric offspring and its mother, experimental manipulations were 
made in Site B. Five overwintered females (July 1985) and eight young (July 1986) were removed. In this 
paper, the trapping data concerning these individuals before their removals only was included. 

Data analysis 

The following indices used for describing spatial distribution of individuals were calculated for each shrew 
with at least 3 captures within a one month period: 

(1) Observed range length (ORL): All positions at which a certain animals was captured within one month 
were plotted, and the longest distance between capture points was regarded as the observed range length (Stickel 
1954). 

(2) Distance between centres of activity (DCA): In order to show the monthly shift of the shrew's home 
range, the geometric centre of all positions of each shrew was calculated and regarded as the "centre of activity" 
as defined by Mayne (1949). The distance between centres of activity of sequential months was then measured. 

(3) Degree of home range overlap (DUO) and number of female home ranges overlapping that of a male 
(NFOM): The home range was estimated monthly by the minimum area method (Mohr 1947, Stickel 1954). 
DI10 to neighbouring individuals was as: 

DHO = 1/2 x (No/Na + No/Nb) 

where No is the size of overlapped area of shrew a and b, Na and Nb arc home range sizes of shrew a and b, 
respectively. In this study, two individuals whose home ranges bordered each other were regarded as 
neighbouring individuals. NFOM for a certain male indicates number of females having overlapping home 
ranges to that male. 

Estimation of parturition of females 

To evaluate the reproductive season of females, parturition dates were estimated from data on body weight 
and development of nipples. The increase in body weight over time of a particular female was regarded as the 
advancement of her pregnancy, and thus it is considered that her parturition occurred when her weight declined. 

A typical example of temporal change in weight and condition of nipples of a certain female was represented. 
The individual was first captured on 23 April 1984. Thereafter, the increase in body weight was recorded, 
reaching a peak at 13.8 g on May 6. Rapid decline in weight occurred after this date. This decline seems to 
have been due to parturition. This was confirmed by the condition of her nipples following the decline in 
weight. Thus, by using data on temporal changes in female 's weight, the female 's parturition date was estimated 
as follows: 

EST (Estimate of Parturition Date) = (Ta + Tb)/2 

where Ta is capture date at which decline in body weight occurred and Tb is capture date at which the heaviest 
weight were recorded. Any remaining fraction after Ta + Tb was divided by 2 was disregarded. 

Results 

Basic life history 

No young attained sexual maturity in their year of birth. They showed no external features 
of both testicular bulges in the genital region for males and prominent nipples for females. 
However, as the testicular bulges of all overwintered males were observed in April of their 
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second year, they may have attained sexual maturity by spring in their second year. 
Furthermore, as overwintered females first developed nipples from around May or June in 
each year and also as their offspring were captured from late May (Inoue 1988), it is assumed 
that females do not reproduce until spring in their second year. 

A few were captured as late as November in their second year (1983), but none survived 
through to the following spring. 

Population density of mature individuals 

Table 1 shows both the number of mature individuals in the study area and population 
density. An increase in the number after 1984 was due to an expansion in size of the study 
area. Annual variation in male and female density was small. Male and female densities reached 
peak respectively at 1.55 and 1.50 times their minimum. When data were totalled over the 
five years, the sex ration of mature individuals was not significantly different from 50:50 ratio 
(G-test, G = 2.109, n = 107, n.s.). At least 57.0% of shrews (61 out of 107) settled in the study 
area. 

Reproductive ecology of mature females 

A total of 79 parturitions were observed over a period of five years. Out of 61 females, 59 
(96.5%) gave birth at least once in their second year. Twenty (33.8%) females gave birth twice. 
No female gave birth more than three times. 

Table 1. Population number and density of overwintered individuals during five years. Recruits are 
defined as individuals which were newly captured in spring in their second year. Residents arc 
individuals which were captured in the study area in their first year. 

Female Male 
Year 

N Recruits Residents N/lia N Recruits Residents N/ha 

1983 4 22.2 4 _ 22.2 
1984 4 1 3 22.2 4 1 3 22.2 
1985 18 1 5 33.3 9 1 2 16.7 
1986 19 6 13 30.6 13 3 10 21.0 
1987 16 3 13 25.8 16 4 12 25.8 

Total 61 11 34 - 46 9 27 -

Table 2. Temporal distribution of female 's parturition dates f rom 1983 to 1987. 

Year 
Month (N) 

Apr. May Jun. Jul. Aug. Sep. Oct. 

1983 1 3 0 2 2 0 0 
1984 0 4 0 1 0 0 0 
1985 2 13 1 2 1 0 -

1986 2 16 1 3 9 0 -

1987 4 11 1 0 - - -

Total 9 47 3 8 12 0 0 
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Table 2 shows temporal distribution in dates of parturition. Of all the parturitions observed, 
59 (74.9%) occurred between April and June. First parturitions occurred from April 23 to June 
10. All Parturitions observed after June were the female's second litter of the year. No 
parturitions were found after August. These results indicate that female's parturition occurs 
mainly before June. If the gestation period can be assumed to be similar to that in the related 
species, Sore:t araneus, 20 - 28 days (Dehncl 1952, Vogel 1972), then the conception of first 
litters occurred from late March to late May. 

Sex difference in spatial distribution 

When the average values of ORL between neighbouring months were compared, only two 
out of 38 (18 for males and 20 for females) (5.3%) showed significant changes. Because the 
monthly changes of ORL for both sexes were insignificant, monthly values for each year 
were averaged. The values of ORL in males were larger than those in females in every year 
(Fig. 2). 

E ^ 40 

l ig. 2. Annual changes of average observed range length (ORL, mean ± SD) for 
females ( • ) and males ( • ) from 1983 to 1987. Significance level in Mann 
Whitney U tests is indicated as * = /> < 0.05. * * = / > < 0.01, and *** = p < 0.001. 
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l ;ig. 3. Annual changes of average distance between centres of activity (DCA, mean 
± SD) for females ( • ) and males ( • ) from 1983 to 1987. Significance level in 
Mann-Whitney U tests is indicated as ** = p < 0.01, and *** = p < 0.001. 
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When values of DCA between neighbouring periods were compared, three out of 28 (13 
for males and 15 for females) (10.7%) showed significant changes. As the changes was slight, 
all DCA values for each year were averaged. The mean values of DCA for males were larger 
than those for females every year (Fig. 3). These results indicate that home ranges of females 
were smaller and more immobile than those of males and that sex differences in spatial 
distribution do not vary widely between different years. 

When data from a 5 year period were 
combined, DHO between males (mean ± SD, 
0.25 ± 0.27, n = 84) was significantly greater 
than that between females (0.03 ± 0.09, n = 20) 
(Mann-Whitney U test, U = 261.5, z = 4.772, p 
< 0.00003). This indicates that home ranges of 
females were more exclusive of conspecifics of 
the same-sex than those of males. 

Since the conception of first litters occurred 
from late March to late May, males must have 
copulated with mates during this period. NFOM 
during April and May ranged from 0 to 6 (mean 
= 2.65, Table 3). Maximum value (1985) was 
2.4 times higher than the minimum (1983). 

Discussion 

Hasic life history 

Although a representative of the genus Sorex species have been reported to attain sexual 
maturity in their first year (review in Jeanmaire-Bcsangon 1988, sec also Rudd 1955, Johnston 
and Rudd 1957, Baird et al. 1978), S. unguiculatus did not reproduce in autumn of their first 
year and did not attain sexual maturity until spring in their second year. This agrees with Abe 
(1968). Because this S. unguiculatus is a relatively large soricine (Abe 1968, Yoshino and Abe 
1984), this result suggests that individuals in larger species of shrews attain sexual maturity 
later and hence body weight may have an effect on age of sexual maturity (but see Pucck 
1960). 

In this species, no individual lived through more than one winters. As many other authors 
have reported similar results concerning longevity in other shrews (S. araneus and S. minutus, 
Brambell 1935, Dchncl 1952, Crowcroft 1957, Shillito 1963, Croin Michielsen 1966, Pcrnctta 
1977, Grainger and Fairlcy 1978, Churchficld 1980; S. vagrans, Rudd 1955), maximum 
longevity in wild population seems to be similar among soricine shrews. 

Sex difTcrcncc in spatial distribution 

Pronounced sex differences in spatial distribution of sexually mature individuals were 
observed. These differences could be due to different reproductive and mating activities 

Table 3. Mean value of number of females 
whose home ranges overlapped with that a male 
(NFOM) in April and May during five years. 
The value in parentheses indicates the range of 
NFOM. 

Year NFOM Sample size, N 

1983 1.75(1 - 2 ) 4 
1984 1.80 ( 0 - 3 ) 4 
1985 4.22 (3 - 6) 9 
1986 2.75 ( 1 - 4 ) 13 
1987 2 .19(1 - 4 ) 16 

'83 - '87 2.65 (0 - 6) 46 
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between the two sexes. This section looks at the functional significance of sex differences in 
spatial distribution. 

Females exhibit non-overlapping home ranges toward same-sexed conspccifics. This could 
be attributable to several important functions of females in this species (see also Cantoni and 
Vogel 1989). First, because pregnant and lactating females show increased energy demands 
(Gittleman and Thompson 1988, Gcnoud and Vogel 1990), it is necessary for them to secure 
sufficient food supply. Female territorial behaviour forces them to reserve adequate supply of 
food resources through their exclusive space use. Further, since females had more immobile 
ranges than males, this also suggests that it is advantageous for females to facilitate acquisition 
of food resources through familiarity with their range sites (see Greenwood 1980). 

Secondly, territorial behaviour of females may be attributed to the need to secure food and 
space for their offspring after weaning. In this species, some offspring remained in their natal 
area (T. Inoue, unpubl.). Since philopatric offspring could settle their territories without the 
risk of dispersal behaviour and gain the acquisition for food resources, it is advantageous for 
them to have a territory overlapping their mother's. 

Thirdly, territorial behaviour of females may be attributed to avoidance of infanticide by 
other females and males. Crowcroft (1957) reported when the lactating female with newborn 
offspring and a male were kept in the same cage, the male entered her nest and killed some 
young. Thus, in wild populations, females might protect their litters against strange intruders 
through their range defense. 

Two phenomena indicate that male's spatial distribution may depend on their mating 
behaviour. Firstly, males had larger home range sizes during their mating season than females 
and occupied ranges which included several females. Space use by males might be related to 
acccss to females or their home ranges. Because oestrus of females lasts for less than one day 
in related specics (S. araneus, Brambcll 1935, Dchncl 1952, Crowcroft 1957; Blarina 
brevicauda, Pearson 1944), it could be advantageous for males to have ranges adjaccnt (or 
overlapping) the female's territory (Hawcs 1977) which would mean maintaining larger ranges 
than females. 

Secondly, the home range of males was more mobile than that of females. In captivity, 
females of related species (S. araneus) display aggressive behaviour toward invading males 
except at the period of their oestrus (Crowcroft 1957). This suggests that males arc not 
permitted to share the nest with females or to guard the females as a mate in close proximity. 
If so, it could be advantageous for males to move in order to search for potential mates rather 
than to guard particular female(s) against other males (see also Searle 1990). 

Studies on spatial distribution in other species of shrews also report that mature females 
occupy and defend smaller home ranges and males have home ranges covering those of several 
females (Croin Michielscn 1966, Piatt 1976, Hawes 1977). In conclusion, this study suggests 
that the sex differences of shrews are directly associated with different reproductive and mating 
activities between the two sexes; female's territorial behaviour is attributed to securing food 
resources through their range defense, whereas male's larger home ranges seem to facilitate 
acccss to several reproductive females. 

Acknowledgement: I thank Y. Saito for his constructive comment on the manuscript. 
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BOOK REVIEW 

Ecological risks 

Ecological risks. Perspectives from Poland and the United States. W. Grodzinski, E. B. Cowling 
and A. I. Breymeyer, eds. National Academy Press, Washington D. C. 1990. 415 pp. ISBN 
0-309-04293-3 pk. 

The science has changed during the last decade toward an acknowledge very high complexity of nature. 
We shall never be able to describe all the various components in our environment in detail. As the quantum 
mechanics set limitation for the accuracy of our observations in physics it does also in ecology. While the 
limitations in physics are caused by our influence on the object by the observation, the limitations in ecology 
is caused by the enormous complexity of nature (ecosystems). 

These conclusions are very clear. The nature is complex, but we cannot observe all details; consequently 
we must attempt to get a more holistic view on our environment by including only the mainline and the bearing 
processes in this description. We must therefore put more emphasis on synthesizing our many analytical results. 
We cannot do science without analytical method, but we should not do entirely analysis; we need to stop from 
time to time in our analytical effort and make synthesizing conclusions. On of such synthesis is the reviewed 
book, based on the joint Polish - USA workshop on "Ecological Research and Environmental Protection" held 
in Mogilany near Krakow in 1987. 

The various contributions to the book were developed to illustrate the current state of knowledge about 
ecological risks in Poland and the United States. It begins with an overview on natural systems for human 
beings and then define what is meant by ecosystems, ecological risk assessment, and ecological risk 
management. They point up some interesting contrasts and similarities between ecological goals and conditions 
in Poland and the United States. 


