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Many northern arvicoline rodents consume bark of woody plants in times of high
population densities. However, the significance of this behaviour to voles themselves is
poorly known. We fed adult field voles (Microtus agrestis) for two weeks on diets
containing 15% to 20% protein mixed with birch (Betula pendula) twig powder in
concentrations of 0%, 10% or 50% on dry weight basis. Addition of birch powder
increased consumption, but did not affect significantly the body mass of voles. With
increasing amounts of birch powder the most pronounced effects were increased liver
size and activation of two microsomal detoxication enzymes. The results confirm that
birch twig is low quality food for the field vole. High proportion of woody forage in the
diet may cause severe physiological stress and contribute to the sudden crashes of vole

populations.

1. Introduction

Like most boreal arvicoline rodents, field vole
(M. agrestis L.) is a generalist herbivore (Tahva-
nainen et al. 1991a), which feeds mainly on
grasses and herbs throughout the year (Hansson
1971, Hansson & Larsson 1978). In winter, field
vole is also known to cause damage on young
deciduous and coniferous trees by gnawing the
bark (Hansson 1988). Seedlings of economically
valuable trees such as the silver birch (B. pendula
Roth) can be severely and extensively damaged
by vole feeding, especially during peak vole den-
sities.

Generally, however, woody species offer low-
quality forage to voles by containing high con-
centrations of plant secondary compounds and
fibre (Bryant et al. 1991) and lower amounts of
nutrients (e.g. protein) as compared to herbaceous
species (Bucyanayandi et al. 1992). Secondary
compounds can deter the feeding by herbivorous
mammals, decrease growth and survival of indi-
viduals or affect reproduction (Berger et al. 1977,
Jung & Batzli 1981, Lindroth & Batzli 1984,
Batzli 1985, Lindroth et al. 1986).

The bark of B. pendula seedlings is rich in
phenolics and terpenoids (Tahvanainen et al.
1991b), which apparently provide the plants with
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some protection against voles and other mamma-
lian herbivores (Bryant & Kuropat 1980, Bryant
et al. 1991, Rousi et al. 1991). In this study we
analyzed how the birch twig powder, added in
the laboratory diet, affects the field voles. In a
feeding experiment we measured food consump-
tion, changes in body mass, size of liver and
kidneys, and reactions of detoxification system.
The detoxification capability was studied by
measuring the activities of three hepatic
microsomal enzymes.

2. Materials and methods
2.1. Experimental diets

Winter-dormant silver birch twigs, rich in resin
droplets (see Tahvanainen et al. 1991b) were
collected from about 5 year-old saplings nearby
Joensuu, Eastern Finland. The twigs were cut
into small pieces (5—10 mm) and dried in a drying
chamber at 45°C for about 20 hours. The pieces
were then ground, and the powder was used di-
rectly or it was frozen (-20°C) for later use. In
the experiment, commercial laboratory chow
containing about 20% of crude protein was used,
and three different diets were prepared by adding
0% (control), 10% and 50% (d.w.) of birch pow-
der. The protein concentration of the birch twig
powder was 9%. The protein content of experi-
mental diets was not measured, but was calcu-
lated as: 20% for the control, about 19% for the
10%-pellets, and about 15% for the 50%-pellets.
The amount of total phenolics in the birch powder
was 66.612.4 mg/g (d.w.), determined by the
method of Singleton & Rossi (1965). In addition
to phenolics the bark of birch contains high
amounts of terpenoids such as papyriferic acid
(Tahvanainen et al. 1991b).

2.2. Feeding trial

The field voles used in this experiment were
captured in autumn 1987 at the Konnevesi re-
search station, in Central Finland. They were
kept in the laboratory for about 4 months before
the experiment and were about 6—8 months old at
the beginning of feeding. They were kept under

natural light and the temperature was + 15 to + 17°C.
Voles were caged individually and fed ad libitum. The
voles were divided randomly into three groups and
fed for two weeks with their respective diets:
control pellets (n = 5), pellets containing 10% of
birch powder (n = 5) and pellets containing 50%
of birch powder (n = 7). Consumption was
monitored daily and the body mass twice during
the experiment. After two weeks feeding the voles
were sacrificed by dislocating the neck. Liver
and kidneys were removed and weighed, and the
liver was stored in liquid nitrogen for later
analyzes.

2.3. Chemical analyses

The microsomal fraction of hepatic tissue was
prepared as described in Burke & Mayer (1974),
with slight modifications. Hepatic tissue was ho-
mogenized in 4 vol of 0.25 M saccharose and the
microsomal pellets were resuspended in a volume
of 0.25 M saccharose, 0.060 M Tris buffer, pH 7.4
(HCI), equivalent to that of the original sample
weight. The EROD (ethoxyresorufin-O-dealkylase)
and PROD (pentoxyresorufin-O-dealkylase) ac-
tivities were measured as described in Lubet et al.
(1985). The UDP-GT (UDP-glucuronosyltrans-
ferase) activity of microsomes was measured by
the method of Hénninen (1968), using p-
nitrophenol as substrate. The protein content of
hepatic microsomes was measured by the Lowry
method (Lowry 1951).

The analysis of variance (ANOVA) was used
in the statistical analysis of the data. To remove
the effect of variation in the size of experimental
animals, the initial body mass of voles was used
as a covariate.

3. Results

The diet had a significant effect (F, ;,=35.3, P=0.000)
on the intake of food (Fig. 1). Addition of birch pow-
der increased consumption slightly in 10%-treat-
ment and even more in 50%-treatment. How-
ever, the diets did not have any significant effect
(Fy,4 = 0.1, P = 0.865) on final body mass of
voles (control 26.3 £ 5.6 g, 10%-treatment 25.8
+ 6.6 g and 50%-treatment 24.8 + 4.7 g). No
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Fig. 1. Food consumption of field voles (g/day, mean+95%
confidence limits). Treatments: control = no birch powder
addition, 10%-bp = 10% (d.w.) birch powder added, and
50%-bp = 50% (d.w.) birch powder added to the diet.

correlation was found between food intake and
body mass (r = 0.245, P = 0.343).

The absolute mass of liver increased when birch
powder was added to the diet (F,,,=4.6, P =0.031;
Fig. 2). The weight of kidneys was not affected
(F54=1.1, P =0.349). The diets had no effect on
hepatic microsomal protein content (F, , = 0.3,
P =0.761).

The most pronounced effects of the diets were
seen in the detoxification system of voles (Fig. 3).
The activity of two dealkylase enzymes (EROD and
PROD) nearly doubled when high amount (50%)
of birch powder was added to the forage (EROD:
F,,,=10.0, P=0.002, PROD: F, , =83, P =0.004).
On the other hand, there was no significant effect on
UDP-GT activity (F,,, = 0.5, P =0.593; Fig. 4).

4. Discussion

Our results show that the addition of birch in
forage significantly increased the daily intake of
food by field voles (Fig. 1), even though voles
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Fig. 2. Masses of liver and kidneys (mean+95% confi-
dence limits). Treatments as in Fig. 1.

clearly reject birch bark when offered along with
more favoured food items (Harju & Simola,
unpubl. results). Usually the ingestion of sec-
ondary compounds has been reported to have no
effect or to reduce the food intake of voles (Glick
& Joslyn 1970, Jung & Batzli 1981, Lindroth &
Batzli 1984, Batzli 1985, Lindroth et al. 1986,
Meyer & Richardson 1993).

Since the birch powder contains high amounts
of phenolic substances and terpenoids (Tahva-
nainen et al. 1991b), it is probable that these
compounds reduce the quality of forage to voles.
On the other hand, the addition of greater amount
(50%) of birch twig powder reduced the crude
protein content of pellets from 20% to about
15%. Since voles appear to adjust their intake of
forage to meet their requirements for nutrients
(Shenk et al. 1970, Batzli & Cole 1979, Batzli
1985), it would seem possible that the observed
increase in intake could be partly caused by re-
duction in protein content. However, in our ex-
periment the addition of 50% of birch twig
powder in the diet decreased the protein content
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Fig. 3. Activity of ethoxyresorufin-O-dealkylase (EROD)
and penthoxyresorufin-O-dealkylase (PROD), values
presented as mean = 95% confidence limits. Treat-
ments as in Fig. 1.

of pellets only to 15%, which is still considered
optimal protein level for arvicoline rodents
(Lindroth & Batzli 1984). Thus the dramatic in-
crease in food intake due to the addition of birch
powder (Fig. 1) must have been to a large extent
a compensatory reaction to the negative physi-
ological effects of secondary compounds present
in birch material. This is supported also by the
fact that although voles in 50%-group consumed
twice as much food as the control animals, they
did not gain weight.

In their diet, generalist herbivores consume a
diverse array of potentially dangerous plant
metabolites (Jung & Batzli 1981, Bergeron &
Jodoin 1985). Herbivores have, however, physi-
ological and biochemical mechanisms to detoxify
the secondary metabolites. In our experiment,
animals in the 50%-group had larger livers than
control animals, suggesting that the capacity to
handle the potentially toxic components of birch
powder has increased. On the other hand, the
excretion capacity (i.e. size of kidneys) was not
affected. It has been shown earlier that the size of
liver and the kidneys may change in response to
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Fig. 4. Activity of UDP-glucuronosyltransferase (mean
+ 95% confidence limits). Treatments as in Fig. 1.

plant toxins (Jung & Batzli 1981, Bergeron &
Jodoin 1982, 1984, Lindroth & Batzli 1984, Siess
et al. 1988) either by hypertrophy or by hypo-
trophy.

The detoxification capacity of herbivores can
be increased also by the induction of detoxifying
enzymes in the liver. Both oxidative (phase I)
and synthetic/conjugative (phase II) enzymes are
reported to respond to plant secondary metabolites
(Brattsten et al. 1977, Chadha & Madyastha 1984,
Alldrick et al. 1988, Siess et al. 1988). Our results
show that ingestion of birch powder activated
markedly the detoxification system of field voles.
The activities of oxidative enzymes EROD and
PROD were nearly two-fold in the 50%-group as
compared to control animals. The total detoxifi-
cation capacity of liver, including the increase in
the size of liver, was increased by about 3 to 4-
fold in the 50%-group compared to control. Fol-
lowing such an induction of the detoxification
system the herbivore would be less susceptible
to dietary poisoning (Brattsten et al. 1977). The
induction of a conjugation enzyme (UDP-GT)
observed e.g. with flavone addition in the diet of
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laboratory rats (Siess et al. 1988) was not found
in our experiment.

In conclusion, our results show that field voles
are chemically stressed when forced to feed on a
diet containing birch twigs. Increased intake of
forage together with negligible or no weight gain
by animals suggests lowering of food quality.
This could have ecological significance in times
of high population densities and shortage of high-
quality food. The risk of tree seedlings to be
heavily browsed increases and the voles become
subjected to deleterious, food-based physiologi-
cal stress which may be one of the several rea-
sons resulting in dramatic population crashes of
northern vole populations.
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