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Food habit and nutrition of the red-backed vole,
Clethrionomys rufocanus bedfordiae (Tromas)

By
Mitsuru Magpa®

Summary ¢ In this report the writer has dealt with the iufluence of feeding habits and
putrition on the population fluctuation of red-backed voles (Clethrionomys vufocanus
hed fordine), based on studies made from 1969 through 1971 in the forest lands of Nopporo,
Hokkaide. The aim of the study was to ascertain the vegetation available to voles and
its nutritionsl properties in the forest ecosysiem.

Voles were found fo be typically herbivorous. The stomach contents consisied mainly
of green fibers, Voles also showed a greater preference for young shoots of Sasa-bamboo
than for any other species of plants in forest land, and the species of grass and herbs
eaten by voles were limited to only a few varisties. Availability of food plants depends
on the difference of vegetation and its composition. Although it is difficult to estimate
the potential food ressurces available fo smwall mammals, and the task requires a thorough
knowledge of a particular plant species in a wvegetation foraged by voles in different
eseosysterns and the feeding habits of voles, a study along this line is important from an
ecological point of view, because the putritional source which has a vital influence on
the vole population depends largely on the forest ecosystem in a given area.

Since an analysis of the stomach content of the digestive tract is a direct means of
investigating feeding habitz of a vols, it is necessary to make an accurate assessment
of the vegetation and their nutritive values.

A group of captive voles fed on a low protein diet showed a significant decrease in
serum protein as compared with that of 8 high protein group.

The plasma protein level of voles was remarkably reduced in the presence of food
deficiency (e, g. winter). In spring the level was the highest and in autumn the values
were slightly higher than in summer. Measurements of plasma-protein were made by
means of thin layer chromatography and the results reflected nutritional ingestion.

Introduction

This is the 4th report in a series of investigations and deals with the population fluctua-
tion of red-backed vole, Clethrionomys rufocanus bedfordice {Tromas). As reported in our pre-
vious papers (1-3), the investigations were carried out in areas with different type of vegetation

in the forest land of Nopporo, Hokkaido, Bedford red-backed voles prefer lowlying grassland

with a high moisture level and tend to concentrate in young plantations which provide them
with an optimum habitat®. It was revealed that red-backed voles are herbivorous and their
stomach contents was mainly composed of green fibers probably originating from leaves. The
population fluctuation of the vole seems to depend on the mortality rate, sexual maturation,
and growth index of young individuals®., As may be seen from the survival and mortality
curves, a sharp reduction in a given population was noted when the vegetation differed in
type. It must be emphasized that the habitat conditions in various types of forest laud deter-

mine the population fluctuation. Therafore, it is necessary to make an accurate evaluation of
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the standing vegetarian, feeding habits of voles and its nutritional influence on the vole's diet?,
The aim of this study was to ascertain the vegetation available to voles and its nutritional
properties in the forest ecosystem.

Materials and Methods

1. Plant structure snd standing erops

in each survey area, five permanent plots were selected at random in natural Todo-fir
forest. A wooden frame (100X 100cm) was constructed around each plot. The plants were
cut once a month throughout the year according to the experimental procedures. Individuals
plants of each species were cut after counting the number of clumps.

The clumps were weighed and identified after which they were. dried. Plant samples for
yield and estimation by chemical analysis were taken from the duplicated plots, with an area
of 100> 100 ¢,

2. Btomach contents of voles

The stomachs were removed from the voles captured by means of monthly snap-trapping
in the forest. The content was spread out on a petri dish (10cm in diameter), and separated
into three components i e, seced, animal, and vegetable materials, The petri dish was then
placed on section paper and the relative proportion of animal and vegetable material in the
content was measured under gross inspection. Representative planis were collected from the
study area, and finely ground plant fragments were mounted on microscopic slides. These
slides were used as reference material for the identification of the stomach contents of voles,
The stomach contents were weighed and approximately 10 per cent of each item of the main
food (i. e, green, berries, animal food) was removed for the volumetrical estimation. Later
these items were identified by a higher microscopic observation. The permanent slides of the
epidermal layers of stems and leaves were prepared by the method previously described by
Mazpa (1968)%. The plant fragments on the slide were identified by the aid of a microscope,
and by comparing them with the material of the reference collection.

3. Nutrient components of plant

a. Protein—Nitrogen determination was performed after the Kjeldahl-method.

b. Fat—Quantitative analysis of fat was made by ether extraction, using a Soxhlet appa-
ratus. The samples were extracted continuocusly in a Soxhlet apparatus for 5 hours using
anhydrous ethyl ether.

¢. Fiber—Crude fiber was determined by ignition loss of dried residue remaining after
digestion of sample with a 1. 25% HyS0, and 1.25% NaOH solution under specific conditions.
Sample (1g) was boiled for 30 min. successively after which it was filtrated and washed
thoroughly with Hg0. This treatment was repeated three times. The dried residue was
completly burned for 5 hr at 600°C in a furance,

d. Ash—Ash content in the sample was determined using combustion analysis.

e. Calory—The gross energy value of the plant and diet was obtained by burning the
welghed sample in oxygen gas in a calorimeter (OGAWA. 100-3).

4. Analysig of amino acids

a. Amino acids in the sample of plants and stomach content of voles were determined.

The samples were hydrolyzed with 6N-HCI at 110°C for 20 hr. Because of the simplicity

of operation and equipment, thin layer chromatography was applied for amine acid determina-



tion. The sample was processed on a rgel (WAKO-B-10) Javer activated pre

130°C for 15 min and developed with a solvent system of n-butancl/acetic acid/water (6:2:2).

iously at

After drying at 1107C

15 min, the amine aclds were determined using a ninehydrin solution.

b, Sampling of blood and preparation of sera for analys

0]

The voles were jugulated with a hepari

erd wyringe. Sampioa of blood (3~35ml) were
drawn into vacuum blood collecting tubes with specific needles, and were deposited at 38°C for
30 minutes

5, then stored at 2°C for one or two days. The samples were centrifuged at 2,500

1, p.osn fin

10 minutes to collect serum. The serum {(about 0.1 md) was decanted into a small

tube, The serum was guantitatively analyzed by a 1:W(>~éinmnai«t;zzal ascending thin layer chro-

matography method. Serwm protelns precipitated with 3 volumes of ethyl aleohol were cen-

trapsparent supernatant was spoited on a corner of the silica-gel

trifuged off. The wh

layer for free amino acids analysis, The running solvents were n-butanol, acetic a

id, water
(6:2:2).. Becondary solvents were phenol and water (4 1 1. 01 per cent nivehydrin (W/V)

in n-butanol was sprayed on to Ik

ate the

amine acids. The density of the color spots

were read with a recording densi r (FOYO-DMU-2) the volume was estimated by
comparing with a standard. The pu 1w oof the substance on a chromatogram is specified by
its ¥ RE” value which can be defined as follows:

RE. value : [Hstance of the substance from the base line.

of the solvent front from the base line,

Results

1. Seasonal changes of quantity of planis in study areas
Although the total amount of plant blomass fluctuated considerably, the seasonal variations

in green mass were far

ater, The average smount of above-ground parts of plants is

always greatest in summer, but decreases considerably, though gradually, with the change of

the seasons in succession, Maximum values were obt

ained in summer, but in winter a vearly

Table 1. Changes o standing crop of the ground fora of
study area (in grams of dry matter per m%)

Abundance of 5);.;1"1'113 in natural
Todo-tir forest B
o S
dbpfsclcs ) Biﬁrg}bm giﬁ:’ﬂghé_ ) Month
! 483 Jan.
! P2 - Feb.
5 21 — Mar.
& 55 Apr.
& 3 May
8 44 June
5 759 Fuly
8 (] Aug.
g 31 46 DED.
4 56 Oct. iy 149 100
5 Nov. 15 166 1464
e Dea, 3 51 840 —
(8 (13) (1406) {603
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Table 2. Relative abundance of plant species, of possible importance to the
iets of voles in May~November on forest land Todo-fir seedling (per m?
diets of vol M Ni b { t land Todo-fi dt )
S :
AN Average number Averag{eg;ve:ght
. o Sasa- Weight | Palatable, Weight
\\ Height Height bamboo | proportion | plants proportion
N, . . -y
N\ ~e30em | 31 eme | ~3 | 31 cm (2 (%) (@ (%)
Month\ 30cem | Slem 30cm | 3lcm
May 896.6 32.0 280.4 86.8 231 61 37 10
June 68. 4 50.6 195, 8 90, 2 240 83 166 58
July 94, 2 10,0 188. 8 65,0 140 55 96 38
Aug. 133.2 38. 8 352, 8 142.0 142 29 73 15
Sept. 136, 4 31.0 310, 2 152.8 390 34 & 1
Oct. 106.0 14,4 187. 8 128.0 143 45 13 4
Nov, 49, 8 1.2 94,7 12.0 170 76 28 12
! . ! . |
(Mean) 96) | (25) i (230) (96) | (208) (es) | (59) (19)
Table 3. Seasonal changes of food; ffequency of occurrences in percentage
of feeding pattern stomach content of the red-backed vole
Pppuiation Green Roots Fruit Seed Animal Other
size matter ’ A -
1 6.6 93. 8
Jan. 27 62.5 12.5 25,0
-~ 3 25.0 &60.C 15.0
Feb. 16 86,2 6.2 3.7 2.5 1.4
5 80,0 6.7 10.0 3.3
Mar. 16 70.0 3.8 15.0 8.7 2.5
5 57,5 5.0
Apr. 25 2.8 5.6 22,8 3.
s 3 45.0
May 8 5.0 5.0
5 . 93.3
June 2 70, 10,0 5.0 15,0
- 10 19.1 7.5 3.4
July 9 80.0 20.0
8 45,0 30.0
Aug. 12 6.6 36.6
. 8 24,0 23. 14,0 24.0 15,0
Sept. 18 61,3 2.5 18.0 10.0 8.2
. 3 100.0
Oct. 21 25.0 6.3 68.7
T 6 30.0 66. 6 3.3
Nov. 18 55,5 2.7 35,5 5.5 0.8
3 67.5 32.5
Dec. 6 6,7 93.3
Wemr (41.4) (1.9) (7.6) (41.0) (6.3) 0.8
(Mean) (56.6) (1.8) (7.8) (28.0) (2.5) (2. 3)

The upper values indicate natural Todo-fir forest.

The lower values indicate forest land with Todo-fir seedling.
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of plants becomes tougher. This process hecomes most conspicucus in grasses with tall, dense

growth forms. For perennial plants, the difference in a net betwesn

biomasses at the period of seed formation and in the of g ¥ to was measured.

The biomass of plants at the period of seed formation is taken as the peak blomass of plants

Apparent green growth in the forest land begins in May and late June, However, some green

dation is present, though quite sparse, during all months of the year,
2. Monthly utilization of important fosd

Food items of the voles were shown in Table 2 and 3,

Summer and winier saw a different amount of plant eaten while very large and i

1 to a maximum in late

seasonal varial occurrved, from a minimum in February and Marc

}ui*? through to early August, The most common food of veles was Sasa-bamboo, occupying

bamboo s dominant plant in

i

influenced by changes in the amount of different food items available in its

9 per cent of the volume for voles (Table 2.
t

veg w. The diet of voles is

or more of the t

guch areas, amounti 3 44,3 per ¢
sl areas, amoun ta 44,3 per

habitat,

4. Stomach conient of voles

s of 867 voles capiured during 19671968 we

the stomach conte

In this experime

3

analyzed and the results were summarized in Table 8 The reveals the important types

differences in ling habits,

of food, gives seasonal trends, and sugge

These habits vary within a very wide rang ies, seasons, and habitats, The quan-

titative proportions of different types of natural f by voles may ablished with the

aid of gquantitative analysis of stomach cont The cons nt percentage in the volume of

ories in the diet of the v s shown in the resulis. The results of ana

main food ca

stomach conte: of red-bac voles indicate that these rodents consume greens in grea
3 ¢

Ui osn average greens amounted to 41--56% of their

quantity and lesser amount

2

2~-6%5, The most important constituent

animal protein

foad (by volume), seeds to 28~

by bulk, measured on an annusl basis,

fruit

Seeds were second in importance and accounted for only 3 75 of the dist, v

included. Other items of volnmetric importance were green leaves in the early spring, fruit

FiAtee) only in early spring. Other food

matter in late summer. Insect

ed

mixed in occurred ¢ and only in small amounts throughout the year. Red-b

shoots, stems and leaves of green plants during the

voles were found or you

summer, and roots during the winter. The m

ost obvinus and Empo'fta,nt change involved Sasa-

1 during

by weight, of the total food tak

hamboo grasses, These accounted for about 60
the period from April through October. The relative amount of the different foods eaten hy

les in the two different areas, is shown in Tab!

e 3. In both aress the importance of
al

forest land, A significant
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green matter In the diet at this time is obvious. Various plants occupied 56% of the ann

diet of voles in the afforested land and over 41% in the natu:
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difference was observed in some of the areas between the composition of plants and the age
levels of voles, The food habits of young and adults were similar. Adult voles displayed a
general tendency to eat less ground vegetation than young voles, Only two plants were taken
in significantly different amounts by the two age levels.

Most of the stomach content was limited to certain types of fragments, hence, identification
was not too difficult if they had not been destroyed in the digestion process; not only the
frequency of occurrence but alse the relative amounts of each food item present could be
obtained from this examination.

4. Nutritional substance of ground vegetation and stomach contents

The chemical compositions of green parts and dead parts of ground vegetation were shown
in Table 4. The underground parts of plant were pot examined because such an examination
was not practical. It is shown that among the grazed field vegetations, grasses containing
over 4.1% ether extract and over 12.2% protein were selected by the vole feeding in a forest
land. The amount of protein increased graduslly in spring and a saturation deficiency was
not noticed until the middle of July. In August, however, the deficiency was conspicusus.
The protein in the stomach content of voles increased in April. Protein occupies a markedly
lower level in natural forest land and it is markedly inferior to ssedling land (brush and
grass) range, for it fell below malintenance levels in late fall and early winter and attained
optimal levels only for a brief period in late April and early May. In the seeding land range,
however, protein levels never fall below maintenance value and are optimal for six months
of the year. Fat reserves declined throughout the winter, but during the breeding season

(May~July), the reserves accumulated rapidly. During the summer, fat reserves declined

again, These voles maintain a constant fat index of 6§ mg throughout the summer (Table 5);
the slightly higher figures for June reflects higher body fat of breeding voles. In September
it jumps to even 7mg which is higher than it is in other months, The caloric value of vole
stomach contents closely correspounds with caloric content in plants, the foed taken by voles.
Young voles preferred higher protein and lower fat containing food as compared with adults.
It is also known that voles are capable of selecting the most nutritions plants among the same
species, as well as the portion with the highest quality.

5. Aming acid composition of plant, diet and plasma

Amino acid composition of plant and diet in the forest land, as expressed in grams per
100 g of dry matter, was given in Tables 7 and 8,

There were remarkable changes In the amino acid composition of grass, although samples
decreased in amino acid content with the lapse of time in the growing season. It seemed that
the content of such essential aming acids as lysin, methionin and threonin might change with
the growth of plants. Amino acid ratio for all seasons ranged from 1.% up to 4.0. In Table
7, the amino acid composition of serum in the vole is compared with that of the plants on
which they had been feeding. Also presented in Table 8§ are the average amino acid ratios
for voles feeding under the differental dietary protein level. The serum protein level of the
vole was higher in spring than in sutumm. The protein level was remarkably reduced in the
season of food deficiency (winter) and in autumm slightly over that of other seasons. Emphasis
was placed upon the importance of the relationship between protein utilization and the amino
acid composition in the protein, On the basis of this thinking the protein quality will be

greatest when the distary protein provides the amino acids in a pattern optimum to the amino
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Table 7. The amino acid composition of food in

‘F(péwnemForcstiand‘~A\mmo ac1d Month | Lys. His. Arg. Cys.
1. Ground vegetation of Todo-fir forest. Apr, + 4 + +
2. The stomach content of vole in Todo-fir forest. Apr. | +++ +
3. Ground vegetation in Larch forest Aug. + +
4. The stomach content of vole in Larch forest. Aug. | +++ + 4+
5, Ground vegetation of Todo-fir forest. Oct. -+ + 4+
6. 'The stomach content of vole in Todo-fir forest. QOct. + + -+ + “+

+ 10,058 ++10.10g +++:0.15g

Table 8. The amino acid composition in plasma of voles

Experimental zone Season Sample Lys. | His. i Arg. | Cys. | Pro. | Asp.
Animals bred on :
synthetic diets. Spring blood o
ime Fed ot . R
ﬁ?g?jlg fed on spring blood + + 4
Ground vegetation spring plant |+ + -+ + ot
of Todo-fir forest. autumn plant e + N 4 +
spring stomach content] + -+ -+ + +
autumn stomach content] + + 4 =+ + 4
Captured animals in .
Tég{yﬁr forest, spring blood +
summer blood 4 + + + -4
autumn blood + 4

-4 0,05 g amino acid ratio ¢ essential a. a./nonessential a. a.

acid requirements of the vole. It reaches highest values during spring, while in winter its

values drop, and in summer it is maintained on the same low level

Piscussion and Conclusion

In order to determine the feeding habits of small mammals, it is necessary to use two
methods; stomach content analysis and the test of choice, Both methods are gualitative and
they supplement each other; they also give fairly similar results. The former method enables
the food available to mammals in a given ecosystem to be estimated; in the latter, it can be
calculated fairly precisely as to how much of that food is to be consumed by animals. In
addition, numerous experiments with food preferences, both under laboratory and field condi-
tions, have been carried out recently. Earlier, largely qualitative studies were summarized
by Hosuwo (1960)¥ which mostly consisted of lists of plants preferred by various animals,
Only a minimal amount of forage crops in a particular region is available to one vele. Thus,
the study by learasm (1972)% in the Nopporo forest land showed that Todo-fir seedling com-
munity yielded 4,020 kg per ha in contrast to 1,931 kg produced per ha in natural forest land.

In short, Iearasu® concluded that preference of plants by voles depended more on growth
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(1971)® determined that the vole requires a 7% protein diet merely for maintenance, 9. 5% for
moderate growth, and 13% for optimal growth and reproductive performance. The serum
plasma protein patterns of rats have bheen studied by several workers in recent vears., Under
normal conditions ingested proteins are broken down into free amino acids and are ahsorbed
ag such into the blood (Aisanse 1963)1,  Approximately twenty essential amine acids are known
to be required for growth and maintenance of cellular tissue and also for other metabolic func-
tions. From this fact, we can understand readily the importance of amino acids in the compo-
sition of the dietary protein. Various reports have indicated that post diet changes in the
plasma amino acid concentrations may be dependent upon the amino acid composition of the
protein injected. From cur experiment with voles, it was shown that the order of abundance
of a free amino acid in the blood varies dirvectly with the relative concentration of the amino
acid in a dietary protein. It was suggested that the concentration of amino acid in the blooed
plasma increased after ingestion of a protein diet. These results indicate that some factors
creating the concentration of amino acids in the protein are affected by the plasma amino
acids level.

Tamora (1967)* recently proposed an interesting theory concerning the evaluation of the
efficiency of protein utilization based upon the fasting profile of essential amino acids. He has
suggested and demonstrated the use of the fasting level concentrations of essential amino acids
as a possible index of protein nutritional status. Also, Tawura (1968)1 suggested the use of
blood amino acid concentrations as an indicator of protein or amino acid requirements. Protein
metabolism is extremely complex, thus the utilization of dietary proteins in a phase of this
metabolism is susceptible to many dietary and physiological factors. The fatness of an animal
is a good indicator of its physiological condition and accordingly both methods can be recom-
mended in studies. Measurement of protein efficency in body weight gain is one of the simplest
and most frequently used procedures.

Tawmura (1967)1 was instrumental in developing this technique, which revealed a striking
correlation between hody weight gain in young rat and dietary proteinn quality. Many
authors?? have reported evidence which suggests the nutritional necessity and importance of
essential amino acids in the diets. The caloric value of an animal is connected with its gross
body composition. It depends, to a considerable degree, on the fat content and, to a smaller
degree, on the mineral content. Therefore, even a small change in weight may be responsible
for some serious changes in the caloric value of the bodies.

In the study of the energy flow through a mammal population some questions concerning
feeding ecology must be answered. The most important is (1) which part of the primary
net production of a given ecosystem is available as mammal food; (2) which part of the
energy consumed by mammals is assimilated and which is returned to the cycle via excre-
ments. As a rule the food available to rodents is only a part of the plant production and the
total primary production cannot be regarded as available in its total bulk. The energy available
to rodents was defined by Groozinsk: (1968)% as “That food which is easy to find is being chosen
and eaten by these animals”. Consequently, the estimation of the food availability is usually
based on some knowledge of mammalian food habiis.

The population dynamics in the productivity of terrestrial communities is determined by

the transformation by the animals of matiter and energy according to trophic level and by

their influence on other components of the “ecosystem”. Application of the results of this
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study in the field will require additional work on diet quality and nutritional physiology for

red backed vole (Clethrionomys rufocanus bedfordiae).
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