MElphf Bull. Gov. For. Exp. Sta. No. 297, 1977 35~41

Some Observations on the Japanese Field Vole,

Microtus montebelli (MILNE-EDWARDS) in Captivity II

Reproduction and growth of voles according

to size of litter

By

Atsushi NARKATSUY

Summary : One hundred and twenty-nine litters produced by 16 first-generation females
of the Japanese field voles from the breeding stock collected at Sugadaira Plateau pro-
vided information on reproductive performance. On the other hand, twenty-five litters
(51 males and 44 females) from wild voles caught at the bank of the Tone River were
used for the study of the growth according to the size of litter.

The most frequent interval between successive pregnancies was 20~21 days, and the
minimum interval between litters was 18 days.

The mean litter size was slightly larger in the first-generation females compared with
in the wild-trapped females.

The third litter size tended to be the largest of litter orders, presenting an average
of about 4.6 young. The number of young declined gradually in subsequent litters. drop-
ping to an average of about 3.3 in the last litter of the series.

The average weight and all the dimensions at birth varied according to size of litter.
They were greatest in small litters and declined gradually as the scale of litter size rose.
Thereafter, only the body weight continued this tendency up to at least sixty days of
age. The mean body weight of individuals from small litters and large litters averaged
respectively 2.7 g and 2.4 g at birth, 182 g and 16.7g at weaning, and 349 g and 288¢g
at sixty days of age.

Introduction

Postnatal growth and development of the Japanese field vole, Microtus montebelli (MiLxe-
Ebwarps), in captivity has already been reported by the author (Nakarsu, 1975), In order to
carry out any experiment on this species, it is necessary to establish basic parameters of the
population. This paper reports reproductive activity of the laboratory colony, with particular
emphasis on gestation period and litter size. This study also involves the work on the com-
parative growth of litters of different sizes. In addition to establishing the basic population
parameters, it is also necessary to know if some reproductive traits in this animal change
under domestication. Therefore, this paper is further to compare the reproductive performance

of the first laboratory generation with that of free-living wild voles.
Materials and methods

The original stock of voles whose first-generations were used as parents in this study

derived from some pairs of Microlus montebelli, which were kindly offered me by Mr. M. Suzuki
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Table 1. Age at which fiirst litter was born

. Date of birth | Date when first Age of parents | . :

Parents ‘ of parents \ litter was born (days) ‘ Litter size
Male | Apr. 24, 1973 | 67

, Jun. 30, 1973 ) ; 3
Female Apr. 26, 1973 65 |
Male | May 23, 1973 | 57
N Jul. 19, 1973 3
Female May 24, 1973 56
Male | May 30, 1973 59 |

Jul. 28, 1973 | 6

Female May 23, 1973 | 66 !

and Dr. M. Ase who collected them from Sugadaira Plateau, Nagano Prefecture, Japan, in the
spring of 1972. However, the voles whose progeny were used for the experiment of the com-
parative growth according to the size of litter were live-trapped by the present author at the
bank of the Tone River, Chiba City, Japan, in the spring of 1976. These voles were kept
under conditions identical with those in the previous experiments (Naxarsu, 1975). They were
at all times fed on potatoes, sweet potatoes and cabbage trimmings, in addition to the same
basic food as reported in the previous paper. Drinking water was supplied ad [ib. by means
of drop bottles. The lighting was made only in the daytime throughout the period of this
experiment. All cages containing pregnant voles were carefully examined daily and all new
litters were recorded. The litters were weaned at about twenty days of age and placed in
separate cages. As shown in Table 1, at about forty days of age, the first generation parents
became matured to be mated. Inbreeding was avoided by means of mating males and females
of different litters from the other parents. The growth data of the voles according to litter
size were taken at the age of birth, three days (sexing was possible at this age), twenty days
(age of weaning), and sixty days (regarded as to be adult) respectively. And the methods
for weighing and measuring the tail length and hind foot length of these voles were the same
as in the previous work (Naxatsu, 1975). The measurements and weighing were all made by
the author himself in order to maintain any personal error as constant. In reckoning age,

the day of birth was considered as zero day.

25f Results
2oL A. Interval between litters
5 One hundred and twenty-nine litters prod-
g . uced by 16 first-generation females provided
- information on the time interval between
i consecutive litters. The most frequent in-
é 10 terval between successive pregnancies was
§ 20~21 days, and it was almost the same in-
- 5F terval as the gestation period for this species
reported by Ranson (1934) and Suiraisui (1969),

ol i 0 0 B B & who showed that the normal gestation period

18 20 24 30~35 ~40 ~45 ~50 ~60 ~ 70~ o .
Interval to next litter (days) was 21 days. As shown in Figure 1, the min-

Fig. 1. Frequency distribution of durations imum interval between litters was 18 days.

between pregnancies. This figure supports the report by Swiraisui
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(1975). In the present study the females were examined only once a day (9:30~10:30 a. m.)

in most cases, so the interval between a parturition and the next parturition could be con-

sidered as a minimum interval with a possible error of +1 day.

B. Litter size

The litter size ranged from one to eight,
with an average of 4.11 4+ 1.49 (Table 2). The
litter size from the wild-trapped parents
ranged from one to eight, with an average
of 3.87 -t 1.47, while, that of the first-genera-
tion parents from one to seven, with 4.19 4+
1.49 (Table 2). Figure 2 showed the number
of litters used in the present study on re-
productive performance. As shown in Figure
2 for the entire sample, the frequency dis-
tribution of the number of young per litter
was actually normal. The mean litter size

was slightly higher for the first-generation

Table 2.

Fig. 2.

40F

» 35F w10

A :
Litter size

Number of litters used in the present
study. Total number of individuals were
indicated above each bar.

Frequencies of litter sizes in Microtus montebelli

Litter size Wild-trapped Iirst-generation Total

1 2 6 ‘ 8

2 4 13 17

3 9 19 28

4 14 35 49

5 5 34 39

6 3 13 16

/ 1 9 10

8 1 0 1
Total 39 129 168
Average 3.8741. 47 4,194£1. 49 4, 1141, 49

Table 3. Consecutive litter sizes of adult females in

the laboratory

Litter order No. of litters | Mean litter size Range

1 | 16 3.9 |

2 16 4.3 ;

3 16 4.6 2~7
4 1 12 3.7 26
5 | 1 4.5 3 26
6 i 9 4,4 } 3~7
7 3 4,4 3~5
8 & 4,2 1~7
9 6 4,3 2~6
10 6 4,2 1~6
11 { 6 3.3 2t
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Table 4. Record of succesive litters in Microtus montebelii
. 1 . Intervals betweeni . s
i ~ r | N
Litter order | Date of birth | litters  (days) \‘ Litter size
S —_— ! -
1 i Dec. 10, 1972 0 | 4
\
2 . Dec. 28, 18 I 5
3 I Jan. 17, 1973 20 5
i
4 " Feb. o, 20 4
5 Mar. 9, 31 4
6 . Mar. 29, 20 7
7 | Apr. 18, 20 4
8 "~ May 9, 21 7
9 May 30, 21 5
10 Jun. 21, 22 5
11 Jul. 10, 19 4
12 Jul. 31, 21 5
13 | Aug. 30, 30 5
14 | Sep. 19, 20 7
15 | Oct. 10, ‘ 21 6
16 Nov. 20, ‘ 41 6
17 . Dec. 11, ‘ 21 3
Total ‘ 366 86
Table 5. Comparison of growth according to litter size
Range (litter size) Small (1~2) Medium (3~5) Large (6~7)
No. of litters (Male, Female) 5 (4, 4) 15 (32, 24) 5 (15, 16)
= 0 age in days 2,78 2.5¢ 2,48
ah
"g 3 3. ! 4,1 3.8
2 20 18. [ 18,0 16,7
m 60 34. | 31.2 28.8
3~20 days) | 14,48 13.98 12.98
Weight gain ( vS) ‘ | ) .
(3~60 days) | 31.1 | 27.1 25.0
1‘ S —
%D 0 age in days \ 8.8mm 8.2mm 7.9mm
% 3 10.9 11,0 10. 5
- 20 31.7 ‘ 34.7 33.2
S 60 i 41,2 f 40.3 40.3
. . (3~20 days) 20. 8mm 23. 7mm 22.7mm
Tail length gain
(3~60 days) 30.3 29.3 29.8
4_);;3‘0 0 age in days 1 7.0mm 6. 6mm 6. 5mm
3 3 \ 8.3 8.5 8.1
‘Hg |
*g 20 17.2 18.2 17.7
T 60 ‘ 18,5 18.7 i 19.0
Hind foot length (83~20 days) 8. 9mm | 9. 7mm “ 9. 6mm
gain 10.2 ‘ 10.2 ‘

(3~60 days)

10.9
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parents than for the wild-trapped parents. This difference, however, was not significant under
the level of 95 per cent confidence.

Litter size may be influenced by the number of pregnancies in the reproductive life and
by the physiological condition of the female. In many species it has been observed that litter
size increases with the number of pregnancies to the largest value, then remains constant,
and again eventually declines toward the end of reproductive life (King, 1924; Tomita ef al.,
1976). In the adult field voles raised in this laboratory, a similar trend was observed (Table
3). An increase in average litter size was obvious in the first three litters. The mean size
of the fourth litter decreased to 3.7, but the higher mean litter size (4.5) was attained in the
fifth litter. The average size of the sixth through the eleventh litter decreased slightly.
However, the effect of sequence of pregnancy on litter size was not significant in this group
of females. This decrease was not in particular prominent in the group of continuous litters
(Table 4). But, Table 4 gives an instance of the data from only one female. The author
could not determine whether the wild-trapped females had yielded young before they were
captured, so he was unable to state the real number of pregnancies per female in this wild-
trapped group.

C. Growth according to litter size

The weight according to size of litter was shown in Table 5. The average weight at
birth of the 95 voles was 2.5g. This table showed that the average weight at birth was
greatest in small litters and decreased continuously as the scale of litter size rose. This ten-
dency was similarly shown in the tail length and the hind foot length. Both at weaning (20
days of age) and at getting to the age of adult (60 days of age), only the body weight kept
this tendency. The average weight at weaning and at sixty days of age were 17.6 g and 32.2

g respectively.
Discussion

Data on the gestation period obtained from one hundred and twenty-nine litters were pre-
sented in Figure 1. It was shown that breeding pairs most frequently produced a next litter
within 20~21 days, then within 30-~45 days, while some others produced irregularly. Derany
(1972) has suggested that caging breeding pairs for a long period could lead to irregular litter
intervals. In this paper precise length of gestation period from coitus could not be obtained,
but it was supposed that these figures were somewhat shorter than the periods given for
other species of the genus. Hartreep (1935), Hamirron (1941) and Rawnson (1941) gave those of
M. californicus, M. pennsylvanicus and M, agrestis as 21 days.

Although the difference in average litter size between the wild-trapped stocks and the
first-generation stocks was not significant, the first-generation parents tended to have slightly
larger litters than the wild-caught parents. However, if the litter order of the wild-trapped
females before their capture can be determined and if the first litters are eliminated from the
data and the litter size of original and first-generation mothers in lactating and nonlactating
states compared, the effect of domestication and lactation on litter size may be more accurately
expected. Thus, when the wild-caught animal is suddenly brought into captivity and con-
fronted with a condition of new environmental stimuli different from those in nature, activity
may be reduced and physiological condition may be obliged to change in the early part of
experiments. But, when they have lived in the laboratory for a long time, they will become
accustomed to the new environment and be able to exhibit their ability to some extent.
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Table 3 shows a result of a little different from the facts that the second litter tended to
be the largest of the series in albino rats (Sionaxker and Carp, 1923; Imamicar and Honpa, 1965)
and mice (Parkes, 1924; Murray, 1934), the fifth litter for M. monianus (Nrcus, 1965), then
beyond this point there was a gradual decline in the number of young. In this experiment,
the largest size of the series was found at the third litter. This result was the same as the
report of Tomita (1976). As stated by several observers (Nosuwaca ef al, 1965; Imamicar and
Howpa, 1965; Normaxn, 1965; Tomira ef al., 1976), litter size is affected by the age, but in the
present work the age has not been considered because of the small sample size.

In general, the weight of a polytocous animal must be dependent upon the mother’s nutri-
tion to a great extent during the period of foetuses through lactation. This difference in
nutrition must have an influence upon the weight of the young, and the degree will be in-
versely proportional to their number. Table 5 showed the tendency that body weight and all
the dimensions of this species at birth were greatest in small litters and declined gradually
accompanied by the increase in litter size. This trend was found continuously only in the
average weight until the age of sixty days, and not in the tail length and the hind foot length.
Litter size may be influenced by some physical conditions of the female, But these factors

were not analysed in the present work.
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FEB FICBT 2 ARENZ X IO 1T
I F U1 BETEAINEEIZDWT
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T4 X I BBRCRBTHEORENC &L, WBEO =Y ¥ F 3 XIOHWEAEMD E LT, AN,
JINDANEZFRIBIUCPTHEDO A I A5 X I OWESBT LMD, =/ ¥ F 2 X1 LTIEZDOHIE
BEdE <, WEOHKRICERELTHEY (El H—E»94—T=2v'¥F 3 X IWER] (1966)],
NEFZICELUTRAI ZX X IZ2EY, bAREREFNICIODBEONTIZV 2500 T, M
HAERENTRRZEEAERINTOROONEETH 2, FHRMENTH B 22X ICD0TOH
BHEOLBEEARL, TTALHABTRE T TER Lo 4 2 X I OFBVEMEHIC LT, £ O%FikeE

OITIERIER S (R (1975)) O 7—4 ZREIET, 1EETFESNCET 28 EDO BB DINT
Lo, 8 (S WEERE 1JEOFHOBD LRERESCk T 2 AR OEE) ORBERME L 75 -
TWBEZEZONL I, AEORATEIOWIIORENERE LTEELEZL OND,

19724F 5 BICEFEEETHIME L/ & 7 X 3 Microtus moniebelli (MiLne-Epwarns) 120450 (HEHE
& 1238 %, 20~~25°C O—ERBEEA T TR 1 EMBE ¥, 208 EFEP 1 IRE) 328 (it
£ 16T FEBICHAEHE 16 2N AEDL D, FNhOEH IS/ 1291 (540 58) D40 (FHE
2B 1T &EB0T, SR, 1IEETR S OBEIREE L 5,

F 1976 4R 5 Aic, FERFURINFENIK I D BEE Ui Z 2 X3 8 280 (HElES 8 5) 12T,
ZNOMB G P RAMICHEE Lz 2518 (ME44 58, HES1 B—ME®E L HARE) 2B E L, 1Y% o
THANDORED B A E LR L,

EREEOMHEE 1R 16 DB OB (12918) 25 A Sk Db SORICE S £ TO B/NHR
318 H, AR 165 B TR OHEOE WAL 20~21 HolicEh Le (Fig. D, 1 JEET
BOKE D0 TIE, EHESL LI X2 BETH4 198 (129 V) REAED HE FIcBY 5
TH#3.87 81 (39 JEFH) Ik U TREWHEINZIR L (Table 2), %7, BERIEMBIOETFEE A S
&, WIEE3. 98 (16 WIS, H2iE4.380 (6 VI, M3 465 (6 FIFE) &b, HIER
BEBTTNLBREHLT LN OB OEMAR Lz (Table 3),

IERFE 8 DN DEGIF (2518) 562 SNt L IBETHERIOFBROBED L8N E LS &, EIC
BOTE LEEFEOVN (1~280), 1 (3~58D, K (6~7H) L& nsiK>N, KEN2.7g
UN—5 B, 2.5g (th—15 8328, 2.4g (Ck—5 BEEY), BEM 8. 8mm (/N), 8.2mm (th),
7.9mm (K) BXUBEEN 7.0mm (N, 6.6mm (th), 6.5mm (k) &&4/NX <12 AHEENA
bhtz, FOBOKETE, REOHAICENTOSHAN (EB» 05208 T), HILE (Y208
i) BT, AMNICEREAROBERRTOEE 2T, BERR IEN D OETHSE L ZICD
NOUNSL T, BE, BEEOREICDOTH, KED XD REEIIALNEH» - o (Table 5),
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