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The objective of this study has been to esti the ption of n vole
Microtus arvalis (Pall.) populations in the field and to compare it with total impact,
¢.g. destruction of plants, suppression of growth, and crop deterioration. Res-
pirometric investigations have shown that the average daily metabolic rate (ADMR)
of voles is correlated with body weight, ambient temperature, season, and number of
individuals living in a group. The equations have been fitted to predict energy
requirements of voles of various age and sex categories. Starting from energy budgets
a simulation model of energy balance for the whole population has been constructed.
The choice of population parameters (numbers, age and sex structure) was rather
arbitrary, but based on values oblained from the literature. Estimations were done for
four variants: alfalfa and wheat fields in a year of normal and outbreaking density of
voles. Total energy consumption estimated in this way ranged from 219.3 to 1765.7
Mcal ha=! yr-!in the year of normal density and from 1765.7 to 24321.8 Mcal ha~! yr!
in the year of outbreak for wheat and alfalfa ficlds, respectively. The highest con-
sumption was observed in mid-summer, the lowest in early spring. Total impact on
alfalfa ficlds was determined for a period of 42 d in late summer. The maximum daily
consumption of alfalfa was 27.2 kg ha™', while the total impact as much as 365.2 kg
ha~! d-!. In wheat fields the impact was estimated for a period of 80 d (April-July) in
terms of influence on grain quantity and quality. In the year of outbreak, consumption
of the population reduced the grain crop by 0.5 kg ha~! d-!, and total impact by2.25kg
ha=! d-'. The total impact on both crops studied was 4 to 13 times greater than the
consumplion as computed from energy requirements. Thus, extracnergetic effects of
rodents on vegetation markedly exceed the effects of consumption alone.

W. Grodziriski, M. Makomaska, R. Tertil and J. Weiner, Dept of Animal Ecology,
Jagiellonian University, Krupnicza 50, 30-060 Krakéw, Poland.

TpeaMer HaHHOro HCCNEAOBAKKA — HIMCPEHHE MOTPEONCHUA MUILK NOMYAALHAMM
Microtus arvalis (Pall.) B NPHPOAHBIX YCNOBHAX B CPABHCHAN ¢ O6LLMM BJTHAHHCM,
T.C. NOBPCKACHHEM DACTEHHR, MOJABNEKHCM POCTA M ACTECpHOPMIaLMER ypoXas.
H3mepeHHe NbIXAHHR TOKA3ANO, HTO CPEAHE-CYTOUHAX MeTaboNMyveckas ak-
THBHOCTb KOPPCIHPYET C BECOM TeJa NOJICBOK, OKpyxalowefl TemmepaTypofl,
CCIOHOM K YHC/IOM XHBOTHBIX B rpynne. [Ipemioxennl ypaBHCHUA AN BbIPAXCHHUS
IHEPTCTHUHCCKHX NOTPECGHOCTCR NONCBOK PasnHYHOro nona k so3pacta. Ha ocxo-
BAHUK IHCPrETHYECKOro GIOAXETa COINAHA 3HEPTETHYECKAA MOJAC/IL BCCH NO-
TyAAWHH. BRG0P AAPAMETPOB /YHCACHHOCTD, BOIPACTHANA CTPYKTYPa, COOTHOLIE-
HKE NOJI0B/ HOCKONBKO MPOK3IBOMCH, HO Ga3HPYCTCA HA NKTEPATYDHMIX JAHHLIX.
Hamep [ 1A 4-x TOB: [IOJIX JUOLCPHB M TMUICHMIUN B rOAL
HOPMATLHOR MHCACHHOCTH H BCUOMIOKH MACCOBOTO Pa3MHOXEHMA. O6iiee no-
TpeGnenue dHcpran cocramnsno 219,3-1765,7 mxanra-l. roa-! - » rog Hop-
MANBLHOA YHCACHHOCTH W 1765,7-24321,8 mxan.ra-lroa—t - » rom MaccoBoro
PAIMHOXCHHA AJIA NONCR MIDCHMIM M JUOUCPHMI COOTBETCTBeNHO. HamBricinee
norpeSnenue uabmonanob B cepemuHe NETa, MUHMMAUILHOS - paHHEd BecHOR.
OGliee BIMAHHE HAa MOMAX JIOUCPHE COCTABJIANO LEPHON B 42 AN MOITHWM
JIETOM. MaKCHMYM CYTOHHOrO MOTPeSNCHHA JMOLEPHK cocTasnan 27,2 xr.ra-},
a ofiee BIHAHME HA PACTHTENLHOCTH — 365,2. xr.cyT.”). Ha nonax mmiexmum
BIHAHHKE L3IMEPANOCH 80 nHER /anpesib-KIONML/, YTO BMPAXACTCK B XOMHIECTBE K
xavecTse 3¢pHa. B roa MaccoBoro paIMHOXEHUA NOTPESACHIE NONY NALMH CHHXACT
ypoxa#t 3epHa Ha 0,5 xr.ra—!.aewn~!, a obuiee smmmmMe ~ 2,25 xr.ra-).oens-1.
O6Lyee BIHAHHE HA PACTHTENBHOCTL Ha OBGOHX HCCICAOBAHHMLIX MONAX B 4—13 pas
Gonbme, YeM DOTPEONEHHE ITHILM, PACCHMTAHOC HA OCHOBAHHH IHCPIETHYCCKHX
noTpeGHocTe. TaxuM 06pa’oM, IKCTPAIHCPrETHUECOOC BIHAHME IPLIYHOB Ha
PAaCTHTEIBHOCTL  3HAUIUTENBHO MNPEBOCXOAHT PCIYNLTATH OOHOIO JHIUL
noTpeSneHHA MHIUN.
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1. Introduction

In a bibliography for voles of the genus Microtus Golley
(1963) listed 900 references of which only three refer
directly to the metabolism and nutrition of these ro-
dents. Over the last decade of IBP the knowledge of
bioenergelics of voles increased greatly (Grodzinski and
Wunder 1975).

In Europe. two vole species (Microtus arvalis and
Microtus agrestis) have become the primary subjects of
studies of metabolism, energetics of growth and repro-
duction and utilization of food energy. Consequently,
we are able to construct refined energy budgets for both
species.

Energy processing is important, but the ecological
and economic role in various ecosystems is usually far
grealer than may be inferred from simple energy esti-
mates of consumption. This study deals with popuia-
tions of the common vole M. arvalis (Pall.), which is a
serious crop-pest in continental Europe. However, the
work is relevant to the field vole Microtus agrestis (L.),
which is a similar nuisance in Scandinavian countries
and also on the British Isles.

The aim of this work has been to compare estimates of
energy utilization with estimates of total impact in the
case of populations of the common vole. Sophisticated
bioenergetic modeiling has been applied to estimate
total consumption by populations, but population
parameters of an “artificial” vole population have been
considerably simplified.

This paper reports on research carried out during five
years in the Dept of Animal Ecology, Jagiellonian Uni-
versity, and mainly includes unpublished material. The
following studies have contributed to this work:
metabolic investigations on the common vole
(Grodzinski unpubl.). studies of metabolic rate of vole
groups (Makomaska 1973), and research concerning
vole impact upon cultivated fields (Tertil 1976, 1977).
All efforts with modelling are due to J. Weiner. There
are a few monographs on the common vole (e.g.,
Kratochvil 1959, Bashenina 1962, Straka 1967) from
which we have extracted many data, but not the idea for
our team effort.

Energy budgets for Microtus voles have previously
been constructed. Golley (1960) first used the double
fasting metabolic rate (FMR) to determine energy re-
quirements of the meadow vole Microtus pennsyl-
vanicus under field conditions. Later, the resting
metabolic rate (RMR) was applied to the estimation of
energetics of this vole (Wiegert 1961) and the field vole,
Microtus agrestis (Grodzifiski 1961). Trojan and Woj-
ciechowska (1969) followed the RMR approach in con-
structing a more complex ecological model of energy
budget for Microtus arvalis.

2. Material and methods
Almost 320 common voles were used in the studies
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extending over a period of 5 yr (1971-75). All the voles
were taken from southern Poland. The animals were
held in captivity for a short time; only a few reproduced
in caplivity. Metabolic investigations were carried out
in the laboratory, while field studies were conducted at
the Experimental Farm of the Jagiellonian University in
Polanka-Haller.

Average daily metabolic rate (ADMR) and resting
metabolic rate (RMR) were measured by oxygen con-
sumption. Two types of close circuit-system respirome-
ter were used — an automaltic, continuously recording
Morrison respirometer (Morrison and Grodzifiski 1975),
and a modified Kalabukhov-Skvortzov respirometer
(Gdrecki 1975). With larger groups of voles, measure-
ments were taken in an open flow respirometer
“Spirolyt™, with paramagnetic analyser for oxygen and
diapherometric one for carbon dioxide.

The procedure for ADMR and RMR measurements
has been described in detail previously (Morrison and
Grodzifiski 1975, Gérecki 1975). The two measure-
ments differ mainly in the duration of run and size of
animal chamber. The ADMR runs lasted from25to 28 h,
while the RMR runs only about one hour, including an
adaptation time. During ADMR measurements the
voles were kept in large 9-1 chambers with food, nest and
activity treadmill. In contrast, during RMR measure-
ments the animals remained in small (100 cm?®) wire
cages which limited their activity. In the large cham-
bers, animal aclivity out of the nest box was recorded
from switching gates and treadmills.

Series of standard ADMR measurements, i.e. taken
at ambient temperature of 20°C, were completed in
three seasons: late spring to early summer, autumn and
winter. Additional ADMR measurements were taken in
winter at different ambient temperatures (0°, 10°, 20°
and 30°C) with or without nest, with or without tread-
mill, and in groups of 2 to 4 individuals. The resting
metabolic rate (RMR) was measured in winter and
summer at four ambient temperatures: 0°, 10°, 20° and
30°C.

The influence of social effects in a group of voles on
their metabolism was investigated separately by
measuring the metabolism of natural “families™ consist-
ing of from 3 to 15 voles. During measurements the voles
remained in the same cages in which they were reared
(surface area of about 850 cm?), provided with food and
nest, ambient temperature being 20°C. The measure-
ments lasting from 2 to 4 h included periods of both
activity of the animals and of their sleep in the nest. All
the conditions of these measurements, except their du-
ration, meet the requirements of an ADMR measure-
ment.

A method of impact estimation has been described by
Tertil (1974, 1976, 1977). It consists in exposing the
above-ground parts of plants under controllable cir-
cumstances to the grazing of common voles. Framed
wire screens of 0.5 m? were used. The screens were
placed on the wheat crops in early spring, while on
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alfalfa immediately after cutting. The screens with crop
plants growing through, were then shielded with porta-
ble metal small enclosures to prevent voles from bur-
rowing and escaping. The crop growing through the
screen was exposed (o grazing by one adult male, about
20 g in weight, for a period of one week. The impact was
not estimated immediately after exposure but at harvest
time. In the case of alfaifa, the green and dry mass and
the stems/leaves ratio were estimated as well as the
amount of weeds.

In wheat crop estimates were made of the number and
weight of ears, and the weight of grain and straw. In
addition, grain quality was estimated by determining the
share of grain size fractions. The wheat grain was di-
vided into four size fractions, depending on the minor
diameter: 2.8,2.5, 2.2 and below 2.2 mm(grain waste). [n
addition the weight of 1000 grains was estimated. Both
these measures of yield quality are commonly adopted
in agricultural practice. All results were related to the
control plots which were not exposed to vole grazing,
however covered by the same screens.

Significance of differences between means, regres-
sion slope coefficients and intercepts were estimated by
t-test.

3. Results

3.1. Metabolic rates

The average daily metabolic rate (ADMR) has. been
adopted as a fundamental measure of metabolic rate.
This ecological measure contains energy for basal
metabolism, thermoregulation, focomotor activity and
specific dynamic action (Gessaman 1973, Grodzifiski
and Wunder 1975).

The values of ADMR for single adult common voles
kept in large chambers with nest and food at 20°C, are
givenin Tab. 1. Mean body weights of the voles studied
during these seasons varied only slightly, ranging from
19.0 10 22.2 g. Despite this, the average value of ADMR
showed distinct seasonal changes, being highest in the
late spring and summer, lowest in winter, and inter-
mediate in autumn (Tab. 1). The differences in ADMR
level were highly significant between winter and sum-
mer (p < 0.01) and between winter and autumn (p <
0.05), but not significant between summer and autumn
(©0.1<p<0.2). ‘

Seasonal changes in the vole metabolic acclimatiza-

tian are well known (Smirnov 1968, Kalabukhov 1969)
and the seasonal correction factors in Tab. | were emp-
loyed for calculating annual energy budgets.

There was a strong correlation between the ADMR
and vole body size. The relationship was additionally
analysed for the autumn senes, which was the most
numerous (N = 45) and extended in the range of body
weight (from 12 to 42 g). Relation between the ADMR
and body weight may be expressed by the following
power function (Grodzifiski 1969):

ADMR = 19.5 w-¢.« )

where ADMR is measured in ccm Oz g™t h™!, W in
grams. Parametric values were determined by least
squares regression of logarithmically transformed data.

The exponent of this function (b = —0.48) is statisti-
cally indistinguishable from that of a recently reported
interspecific function ADMR - body weight for rodents
ranging between 7 g and 370 g (Grodzifiski and Wunder
1975). The slope of the autumn regression (b = — 0.48)
has been used in all further computations. The intercept
value (19.5) was modified by seasonal correction factors
(Tab. 1) for the other scasons.

RMR is temperature-dependent (Fig. 1), The re-
lationship being linear in winter as well as in summer up
10 thermoneutral zone, which for the common vole falls
around 30°C (Bashenina 1966). These relationships may
be expressed by the following linear regression equa-
tions:

Winter: RMR = 6.688 ~ 0.2183 t )
Summer: RMR = 10476 — 0.2174t (3)

where RMR is measured in ccm O2 g~! h-!, tin °C.
The winter and summer regressions are almost iden-
tical as 1o their slope, but they differ significantly in the
intercept (p < 0.001), the summer line situated well
above the winter line. This may indicate that ther-
moregulation in winter is less intensive at the same
temperature. )
Our study was the first attempt do determine ADMR
at various temperatures other than 20°C and has proved
both instructive and usefui for the modelling of energy
budgets. The relationship was studied only in winter
when it is crucial for the energetics of vole. It has a
curvilinear character (Fig. 1) and, therefore, is best
described by a polynomia} of the second or third order:

ADMR = 7.315 ~ 0.2169 t + 0.00303 t? 4)

Tab. Average daily metabolic rate (ADMR) of common voles Microtus arvalis measured during three seasons at 20°C. Mean

values and S.D. are given.

Season Animal Average ADMR Seasonal
number (N) body wit ccm Q2 gt h-! correction
® factor (s)
{ate spring eady summer ............... 24 22=55 5.05 = 1.15 1.077
AULUMD .t e ieneeas 43 11 =75 4.69 = 0.84 1.000
WINLer e 2t 9.0 = 0.72 424 = 0.72 0.904
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Fig. I. Resting metabolic rates (RMR) and average daily
metabolic rate (ADMR) of common voles at different ambient
temperatures. RMR - lincar regressions, ADMR - second
order polynomial regression (Eqs 2, 3 and 4). Solid lines rep-
resent wintes anmials, broken line represents summer animals.
Mean values (points) =2 S.E. are shown. B ~ body tempera-
ture.

where ADMR is measured in ccm Oz g'hr', tin°C.

Regression analysis showed that a polynomial of 3rd
order fits only slightly better than that of 2nd order, and,
therefore. a quadratic equation has been applied to all
further computations.

) The curvilinear relationship between ADMR and am-
bient temperature suggests that we are dealing
here with a function of several independent variables,
including chemical thermoregulation, which varies de-
pending on whether the animal is in or outside the nest,
as well as various means of behavioral thermoregula-
tion, e.g. adaptation to the duration and level of activity

Tab. 2. Influence of social effects on the

outside the nest, insulation of nest etc. it was noted, for
example, that at lower temperatures the vales utilized
more materials for nest building. The curve ADMR —
ambient temperature lies below analogous winter curve
for 'lhe RMR ~ temperature relationship. This is
possible due both ta nest insulation in ADMR chambers
and to some behavioural stress during the short runs in
RMR cages. The two curves overlap only in the ther-
mon_eu(ral zone at 30°C. The credibility of this compari-
son is enhanced by the fact that the both metabolisms
were measured in the same animals (N = 21).

. The ADMR - ambient temperature function has been
incorporated into the model of energy budget by solving
!’or the temperatures recorded under natural conditions
in cultivated fields.

To estimate the effect of nest insulation alone on the
vplc metabolism, the ADMR was measured for 14 in-
dividuals kept in respirometers with/or without nests at
20°C. The measurements carried out in winter gave an
average ADMR value of 4.0744 ccm O: g' b, with
nests, as compared with 5.0815 cem Oz g=* h-! without
nests. The difference between these two values (24.7%)
is highly significant (p < 0.005).

3.2. Social effect

A social effect, which decreases the metabolic rate, has
been observed in all measurements obtained from
groups of voles (Tab. 2). This decrease in metabolic rate
may be expressed in relation to the anticipated
melaboli§m of a group computed solely on the basis of
body weight. An appropriate regression equation was
ca.algulaled using data from measurements of single in-
dividuals under the same experimental conditions as for
a group (Makomaska 1973). The level of metabolic rate
fc?r single animals has been assumed as 1.0. The coeffi-
cients of metabolic rate decrease show a significant
difference between families of from 3 10 7 individuals,
but they do not differ statistically between families of
more than 7 individuals and those of 7 individuals. The
decrease in metabolic rate can be described by the fol-
lowing equation (Fig. 2):

tabolic rate of ¢ on voles.
Number of animals
magroup .............. * °
Numger g‘_ 2 3 4 4 5 6 7 9 10 12 15
measurements .........., 4
Masurements 10 20 2 1 10 10 10 10 10 4
:"cm Oz animal~! k!
ean = S.D. ........... 96.44 11328 100.35 87.24 9731 86.6

LB . . N .63 7630 78.56 81.77 78.38 76.39
CoefTicient of *6.68 = 1586 =989 =625 = ([.1] = (285 = 11.09 = 10.68 = [I.1] = 16.05 = 13.45
metabolic decrease ...... 0958 0864 0797 0836 0.78¢ 0744 0.657 0.705  0.731 0.718 0.680

* ADMR measured in Morrison's respirometer.
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Fig. 2. Decrease in metabolic rate in groups of common voles
consisting of 2-15 animals kept together. The coefficient 1.0
represents the metabolic level predicted for single animals
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where h is the decrease in metabolic rate relative to the
single individuals, and N is number of voles in a group.

The social effect determined from ADMR measure-
ments in Morrison's respirometer for groups of 2 and 4
voles did not differ from the result obtained with a flow
respirometer. In groups of 2 and 4 individuals, the coef-
ficients of metabolic rate decrease were 0.958 and 0.836,
respectively. These figures fit well the regression com-
puted solely from data obtained with a flow respirome-
ter (Fig. 2).

Under natural conditions voles spend most of the 24-h
period clustered in burrows (Frank 1953), mainly sleep-
ing, although they also show some activity such as
grooming or feeding on food reserves (Bashenina 1968).

The measurements of group metabolism carried out
under conditions described in this paper take into ac-
count natural patterns of activity as weil as the influence
of social relations created in a group. Several attempts
to estimate the influence of huddling on the metabolic
rate decrease in voles have not dealt with social factors,
and thus the effect of huddling may have been underes-
timated (Ponugaeva 1960, Trojan and Wojciechowska
1969).

h =

3.3. Circadian activity

The activity of voles was recorded during all 24-h runs
of ADMR, which made it possible to determine both the
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duration of activity outside the nest and the daily pattern
of activity. Total activity of the common voles outside
the nests showed seasonal changes. At 20°C it averaged
6"58' (28%) during late spring and summer, and 5"55°
(25%) in autumn, but only 429’ (18 %) in winter.

Additional ADMR and daily aclivily measurements
were completed in winter at various ambient tempera-
tures. At0, 10, 20 and 30°C the daily duration of activity
averaged, 5"43', 5"30’, 4"35‘ and 1042’ respectively.
Activity showed great individual variability: the coeffi-
cient of variation ranged from 12 to 39%. Also the daily
pattern of activity varied depending on season and am-
bient temperature, but was always polycyclic with most
activity in darkness.

Many laboratory studies on the common vole and the
field vole indicate that both voles are very active, their
activity being of the polycyclic type and season-
dependent (Davis 1933, Durup 1956, Erkinaro 1961,
Grodzifiski 1963, Smirnov 1968, Hansson and Grod-
zifigki 1970). Only recently, however, has it become
feasible to determine the daily activity of both vole
species under natural conditions by means of continu-
ous tracking of animals labelled with radio-cobalt
(Nikitina et al. 1972) or by monitoring the temperature
difference between the inside and outside the nest
(Flowerdew 1973). On a July day the aduit common vole
may stay outside the nest for an average of 943’
(Nikitina et al. 1972) whereas a male field vole in March
can be outside for almost 11 h. In winter the activity
outside the nest is probably far more limited.

It seems that the activity, and at any rate its duration,
recorded in this study on the common vole is not far
below that found under natural conditions. The spon-
taneous daily activity of voles is regulated mainly by
natural daylight. Therefore, it has been assumed in all
further computations that an ADMR measurement in-
cludes the energy costs of locomotor activity, which is
about the same as in the field conditions.

3.4. Nutrition: digestibllity and assimnilation of foods

Many observations exist on the diet of the common vole
under field conditions and its seasonal changes (cf.
Bashenina 1962). These data mainly come from the
analysis of stomach contents (Holifova 1959) and lead
to two general conclusions: the vole diet contains
chiefly greens, at least 60-70% of the stomach contents,
and seasonal changes in diet are much less than changes
in the crops in the cultivated fields.

The utilization of natural and laboratory foods by the
common vole has been studied in detail by Drozdz
(1968) and Sawicka-Kapusta et al. (1975) using a techni-
que of metabolic cages. Digestibility and assimilation is
relatively low (Tab. 3). The assimilation of all greens
and rape ranges from 59 to 68 %, and only for oats grain
it is definitely higher (90%). The utilization of alfalfa,
clover and grass changes with season, because the
plants have a different crude-fibre content in various
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Tab. 3. Digestibility and assimilation of natural foods in common voles (as percentage of consumption i.¢. of gross energy) (After

Droidz 1968, Sawicka-Kapusta et al. 1975).

Diels Crude fibre content Digestibility Assimilation
(% of dry malter) Av. +S.D. Av. =SD.
Oats ........... 1.6 92.3 1.4 89.7 0.9
Green wheat ..... 27.5 70.4 1.6 65.2 1.1
Alfalfa - summer .. i5.1 71.2 5.6 6.5 59
- autumn .. 19.1 62.4 1.8 59.1 2.5
Clover - summer .. 29.2 749 9.6 68.3 10.8
- autumn . .. 12.2 78.6 0.4 75.3 4.4
Grass - summer .. 19.3 65.9 1.3 60.7 1.0
- autumn .. 12.8 76.2 2.2 73.2 2.1
Rape - autumn 12.5 78.1 5.5 68.4 5.5

seasons or even harvests (Tab. 3). Asis well known, the
level of digestibility and assimilation depends on chemi-
cal composition of the food, mainly on the content of
poorly digestible fibre, which is found in the cell-wall
constituents, s.c. CWC (Keys and Van Soest 1970). The
mean value of assimifation was about 65 % for the foods
studied in summer, while it reached 69% for the autumn
foods (Tab. 3). It is very likely that foods available in
winter, except grain, have an even lower nutritive
value. It may be assumed that a mean annual cocefficient
of assimilation in the common vole is 60%, or even less.
Such a level of assimilation, regardless of seasonal vari-
ations, has been applied to the model.

Voles are typical grazing herbivores and are charac-
terized by the lowest level of digestibility and assimila-
lion among small mammals (Grodzifiski and Wunder
1975). In several vole species (Microtus agrestis, M.
pennsylvanicus, M. oeconomus) fed on natural foods,
the digestibility and assimilation of energy and/or or-
ganic matter has been found to range from 50% to 74%
(Gebczyfiska 1970, Johnson and Groepper 1970, Keys
and Van Soest 1970, Hansson 1971).

3.5. Impact

Energetic estimation of consumption by herbivorous
rodents made it possible to evaluate their impact on a
given kind of vegetation. However, (Spitz 1968, Rysz-
kowski et al. 1973, Abaturov etal. 1975, Zlotin 1975) the
consequences of animal feeding may considerably ex-
ceed the amount of consumption of primary production
itself. The difference between these values is of particu-
lar importance when estimating the impact on cultivated
plants.

Crops that are affected by rodents may be divided into
two main categories: (1) those utilized by man in the
same form that is devoured by rodents in the field
(fodder crops cultivated as green forage, e¢.g. alfalfa,
clover and mixed grasses), and (2) those exploited by
man in a form other than that on which the rodents feed
during most of vegetative season (e.g. cereals and
root crops). In both crop types, voles utilize mainly the
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green, above-ground parts of plants (Bashenina 1962,
Ruzi¢ 1971).

Estimation of the total impact on alfalfa requires con-
sideration of: (1) the level of consumption, (2) biomass
wasled but not consumed, (3) losses due to unrealized
growth of the crop's green mass, (4) changes in the
botanical composition of the crop (succession by
weeds, especially some monocotyledons), and (5)
changes in the characteristics of individual plants result-
ing from grazing (stem/leave ratio).

Effects (1) and (2) are the easiest to determine; how-
ever, reduction of the rodent impact to just these effects
may only be applied in very short periods of time. Effect
(3) plays a role when short periods between hay-cutting
are considered. Effects (4) and (5) are of importance in
the long run (one year or several years), although a rapid
invasion of monocotyledonous weeds may occur even
in short time periods after prolonged rainy weather.

Tab. 4 shows the total impact of voles in an alfalfa
field in relation to the consumption of these animals. It
refers (o a period of 50 d between the second and the
third alfalfa cuttings. The assumption has been made
that consumption of each gram of the biomass results in
a series of additional effects which further decrease the
crop useful for man. Coefficients of destruction
(DEST), unrealized growth (UNGR), succession of
weeds (SUCC), and changes in the stem/leave ratio
(STLEA) has been employed. The first coefficient
(DEST) has been adopted from Ryszkowski etal. (1973)
and modified for different phases of the crop’s growth.
Others are taken from a study by Tertil (1976). The way
for calculating these coefficients was recently described
in detail (Tertil 1977). It concerned the total biomass of
alfalfa, the content of wheat biomass and also the
stem/leave ratio in the final crop harvest from exposed
and control plots.

Consumption (C) is connected with destruction of an
additional amount of biomass; the younger the crop, the
greater the loss. By multiplying C by DEST one obtains
a total amount of the biomass removed from the system
by rodents. The removal of biomass also reduces cur-
rent growth - the amount has been determined experi-
mentally and expressed as the UNGR coefficient. The
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Tab. 4. Total impact of voles on the alfalfa cultivation - coefficients for estimation different effects.

Alfalfa growth (in days after culling)
2 3

1-30 -40 41-50

Coeflicient

(symbols in parenthesis) 11-20
Destroying (DEST) ................. 1.8
Unrealized growth (UNGR) .......... 1.25
Succession (SUCC) ................. 2.43
Stem/leave ratio (STLEAF) .......... 0.89
Total impact (TOTAL) .............. 4.87

1.5 1.3 1.1
2.41 2.70 2.33
3.33 1.64 1.56
1.15 1.49 1.54
13.84 8.57 6.16

mass of alfalfa which has been superseded by the weeds
is estimated by an additional, experimentally deter-
mined coefficient (SUCC) and multiplication of C by
DEST and by SUCC gives total losses of alfalfa result-
ing from vole consumption.

However, the nutritive quality of alfalfa for domestic
livestock depends mainly on the stem/leave ratio, and
STLEAF has beenintroduced to account for the change
in this ratio in the grazed plants. All these corrections
may be expressed as one TOTAL coefficient, which is
their muitiplication product. Consumption C multiplied
by TOTAL gives the IMPACT on alfalfa leaves.

The example in Tab. 4 shows that alfalfa is most resis-
tant to vole impact in the early stages of growth. The
high rate of growth at this time compensates for the
losses due to rodent feeding. Moreover, grazing during
this period improves the stem/leave ratio. Exception-
ally high values of SUCC in the case studied resulted
from an acceleration of weed succession, caused by
long periods of rain in the course of experiments (Terti}
1976).

It must be emphasized that the computed TOTAL
coefficients do notrepresent a simple decrease in loss of
biomass in the field, but a combined effect, including a
decrease in alfalfa biomass, a higher proportion of
stems, and a partial replacement of alfaifa by weeds.
SUCC strongly depends on the year's climatic condi-
tions, and the effect STLEAF is rather small (Tab. 4). If
both these cocfficients are disregarded, then consump-
tion for the four periods under consideration should be
multiplied by factors of 2.25,3.61, 3.51 and 2.56, respec-
tively.

The impact of rodents on a cereal crop may be com-
puted by a slightly different method. Total impact of
voles on winter wheat crop from the spring onset of
vegetation Lill harvest was calculated (Tab. 5) on the

basis of studies by Tertil (1974, 1976). The coefTicients
QUANT and QUAL were used to designate the quan-
tity and quality of grain crops. They indicate the influ-
ence of consumption by voles when grazing wheat at
different stages of development. QUANT reflects the
influence on total weight of grain crop, QUAL on its
quality (technological usability of grain), while the fac-
tor TOTAL integrates both types of damage.

Values given in the first three columns of Tab. 5
illustrates the effect of consumption of stems and leaves
on the parameters of grain crop. The last column shows
how the consumption of grain itself affects the total
grain crop.

The very high TOTAL coefficient for 241-260 d oc-
curs because grazing is particularly harmful to wheat at
the stage of earing (Tertil 1974). Aside from this specific
period wheat is quite resistant to impact of voles (Tab.
5). In addition, the number of voles is usually far smaller
in cereal fields than it is in alfalfa or clover crops
(Ryszkowski et al. 1973). This is why the damage of
voles to cereal crops seldom exceeds the economic
threshold.

4. Discussion

To estimate the impact of rodents on crops, a simulation
model of consumption for a whole population of voles
was used. Within this model, energy budgets of in-
dividuals were evaluated and then summed for a whole
population using data on population structure and den-
sity. There was no feedback effect between the in-
dividual energy budgets and the dynami¢c changes in
population numbers and structure. That is, a specific
history of the population is given as input to the model.
This seems justified since the objective of this study has

Tab. 5. Total impact of voles on the winter wheat cultivation - coefficients for estimation different effects.

Cocfﬁcieqt . Winter wheat growth (in days of cultivation)

(symbols in parenthesis) 221-240 241-260 261-280 291-300
Quantity QUANT) ................. 1.29 5.55 1.06 2.04
Quality (QUAL) .................... 1.91 7.14 0.95 0.96
Integrated total

Impact (TOTAL) ................... 2,11 39.60 1.01 1.96
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OIKOS 29:3 1977y

been to estimate the total rodent consumption and im-
pact on cultivated field and not 1o explain population
dynamics. For the same reason, our mode! includes
only the most important factors affecting the energy
requirements of individuals, and we do not undertake
any detailed analysis of the individual energy balance
(e.g. the chance of survival under the given environmen-
wal conditions, Collier et al. 1975).

4.1. Simulation model
4.1.1. Energy budgets of individuals

Using the average daily metabolic rate (ADMR), simple
models of daily energy budget were constructed for
Microtus arvalis, M. agrestis and M. oeconomus (Grod-
zifiski and Gérecki 1967, Gebezyiiska 1970). Later,
species-specific functions for the relationship between
ADMR and body size were applied to the field vole
(Hansson and Grodzifiski 1970) and also to the tundra
vole (Grodzifiski 1971). This allometric model has been
developed recently by Weiner as a more general equa-
tion (Grodzifiski and Wunder 1975). In this study we
continue to refine the calculation of energy budgets
using a simulation model, based mainly on the relation-
ship ADMR - body size and ambient temperature.

In an individual the energy requirement for mainte-
nance is a function of many variables, the most impor-
tant of which are included in ADMR measurements
(body weight, ambient temperature, seasonal changes,
pattern of activity, and huddling effect). These factors
could be inserted into a DEB model separately, using
data from independent measurements of the particular
components (¢.g. cost of thermoregulation measured by
RMR), but it is extremely difficult and cumbersome to
assess these effects quantitatively when constructing an
additive model (Gessaman 1973). A model based on
ADMR has the advantage that an ADMR measurement
integrates all components of the energy budget in a
natural way and, consequently, includes all compensa-
tory effects. Therefore, we concluded that ADMR, ex-
pressed as a function of body weight, ambient tempera-
ture, season and number of individuals living together,
is the best estimate of the costs of maintenance under
field conditions.

4.1.2. ADMR sub-model
As has been shown previously, ADMR may be expres-

sed as a power function of body weight, ADMR = a W".
Parameters of this function (a. b) were determined in the
autumn series of measurements at 20°C, and we as-
sumed that the functionis constant throughout the year.

ADMR is strongly related to ambient temperature.
This relationship is curvilinear and should probably be
described as a multi-dimensional model, comprising
more independent variables than ambient temperature
alone. Available data do not allow us to develop such an
equation and, therefore, we have made use of a polyno-
mial fitted to the winter ADMR series (Eq. 4). This
procedure seems applicable because under the experi-
mental conditions of ADMR measurement (he voles
develop spontaneous activity, and it is likely that the
response of voles to any decrease in ambient tempera-
ture should be similar to that in the field. It appears that
the slope of the RMR-temperature curve (Fig. 1)reflects
the cost of thermoregulatory metabolism. Since this
slope does not vary with season (Egs 2 and 3), we
assume that also the parameters other than the intercept
of the ADMR-temperature curve are also constant
throughout the year. Any error, caused by this assump-
tion would be negligible since voles bear the cost of
thermoregulation mainly in winter.

Data on the temperature near ground (Tab. 6) indicate
that the measured thermoregulation curve nearly spans
the actual range of field conditions. Since the additional
cost of thermoregulation begins at 20°C, the correction
has been recalculated as an additive factor:

®(t) = (at? — Bt + ¢) — (a202 — 208 + c) =
a't? - 't +¢ (6)

where @ (1) is the correction for thermoregulation as
function of ambient temperature (1), a, 8, ¢ are paramet-
ers.

Changes of ADMR with season and with group size
have been discussed above (Tab. 1. Fig. 2). In calculat-
ing the seasonal correction factors, the autumn ADMR
has been assigned the value of 1.0 because the model
starts with the level of ADMR determined in the autumn
series of measurements. Under natural conditions the
voles live in families consisting of from 3 to 15 or more
individuals, and the size of these groups varies during
the year (Frank 1953, Straka 1967). We assumed that
during the season of intensive breeding (April till
October) these groups consist of 7 or more individuals,
while during other seasons the number of animals in a

Tab. 6. Annual course of soil and air temperatures on a cultivated field in Southern Poland. Data from the Experimental Farm of
the Jagiellonian University for 1963 (after Olecki 1968). All values expressed as monthly means.

Months An-

Temp. (°C) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec nual
2 mabove ground ............ -0.5 -00 1.6 6.5 107 162 165 150 13.7 6.7 0.2 1.9 6.9

Ground surface ............... -07 -08 22 8.2 144 198 19.7 17.6 156 8.1 0.4 0.9 8.5
20 cm below surface .......... 0.3 0.1 1.4 6.2 109 167 177 167 15.1 9.2 33 1.6 8.3
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family averages 3 individuals. Appropriale correction
factors were calculated from Eq. (5).

The combination of equations and coefficients des-
cribed above yielded a universal formula for ADMR
with discrete paramelers changing within a yearly
cycle:

ADMR = [aW" + (a1? = Bt + ¢)] sh  (7)

where ( is ambient temperature, W is body weight, s is
seasonal correction factor, h is correction factor for
social effect, b is exponent, a, a, 8, ¢ are parameters.

By substituting the actual values for the parameters
(Sects 3.1, 3.2) and converting the units from ccm Oz X
g™' x h~' into kcal x animal -! x d-' the following
equation was obtained: ’

ADMR = [2.252 Wo-325 + (0.00303 12 — 0.2169t +
3.126)] sh ®

1.000 for autumn
0.904 for winter

0.701 for breeding season
0.880 for non-breeding season

where ADMR is measured in kcal animal-'d~!, Wing
and tin °C.

l 1.077 for spring and summer
s =

h=

4.1.3. Energy cost of growth

Measurements of ADMR do notinclude growth because
animals in these experiments maintained a stable
weight.

Many field data suggest that voles grow throughout
most of their life which, under field conditions, rarely
lasts longer than 6 to 7 months. During this time their
body weight reaches 42 g (Pelikan 1959, Spitz 1972). A
steady increase in body weight markedly heightens the
energy requirements of individuals, but only a part of
this energy is deposited in body tissues.

As far as we know, there are no data available for the
growth rate of the free-living common voles. However,
considering the maximum body weight and the max-
imum life span of voles in the field (Straka 1967, Spitz

1972) we inferred that the logarithmic growth curve
determined for laboratory voles from day 20 to day 70
(Drozdz et al. 1972) could be extrapolated to the max-
imum age (e.g. body weight estimated from the formula
of Drozdz et al. (1972) for a 250-d old vole reaches 41.6
8. Therefore estimation of body weight in various age
classes of voles has been done using the formula from
Drozdz et al. (1972):

W = 2.476 X°- 51 )

where W = body weight in grams, X = age in days since
birth.

For further bioenergetic computations, the animals
were divided into 3 age classes: 1549 d old (juveniles),
50-99 d old (sub-adults), and 100-250d old (adults). The
criterion for the inclusion in the first class was the onset
of reproduction. According to Pelikan (1959) and Straka
(1967), at 50 d, or after a body weight corresponding
with this age, most females start breeding. As far as the
model is concerned it seems reasonable to equate age
and body weight. Drozdz et al. (1972) have also demon-

" strated that at this same age the voles attain “chemical

maturity”: body composition is constant from this age
on.

The division into age classes roughly corresponds to
the population structure presented by Straka (1967)
whose population data are used in further computa-
tions. The model does not include the youngest voles
(nestlings, age < 15 d) because the energy expended on
their growth and maintenance before weaning has been
added to the energy budgets of reproducing females.

For each of the three age classes the average body
weight has been determined as a geometric mean of
body weight, calculated for the first and the last day of
age class. Average daily growth was calculated by as-
suming a linear growth rate in each class. Using data on
body composition of growing voles (Drozdz et al. 1972),
an average daily .increase in the biomass of fat and
not-fat tissue was determined for each class. Assuming
caloric values of 9.3 and 4.7 kcal g~' dw for fat and
non-fat tissue, respectively, mean daily energy deposi-
tion (AP) was estimated (Tab. 7). Additional respiration
connected with the deposition (AR) has been evaluated
on the assumption that the efficiency of fat deposition

Tab. 7. Calculated cost of growth and reproduction in particular age classes of common voles.

Age class 1 1 v I v
(age and reproductive state) d 1649 50-99 100-250
non-reprod. reproducing non-reprod. reproducing

Average body weight (range) g 13.4 21.7 32.8

(9.9-18.3) (18.3-25.9) (25.9-41.6)
Daily weight gain ................ g xd!? 0.240 0.153 - 0.105 -
Daily energy deposition (AP)...... kcal x d-! 0.801 0.382 2.310 0.261 3.460
Additional respiration
for production (AR) .............. keal x d-! 0.441 0.249 9.912 0.170 14.850
Additional assimilation
(RR+P) ... kecal x d-! 1.242 0.631 12.220 0.431 18.307
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reaches 75%, and that of non-fat tissue (mainly protein)
about 40%. The total amount of energy (EPi) expended
in each age class (i) on growth is a sum of the energy
deposited (AP:) and the additional respiration (AR)
(Tab. 7):

EPi = ARi + AP (10)

The daily energy requirement of a growing, but not
reproducing, animal is a sum of the maintenance cost
(ADMR) and the growth cost:

DEBi = ADMRi + EP: (1)

where i = 1, 2, 3 (subscript for a given age class).

4.1.4. Cost of reproduction

Many females in age classes II and III participate in
reproduction which adds considerably to their energy
budgets. As Trojan and Wojciechowska (1967) as well
as Migula (1969) have shown, the energy budget of a
female vole is increased 1.8 fold during both pregnancy
and lactation (18 and 15 d, respectively). The estimated
weighted mean of production efficiency throughout the
whole reproduction period (pregnancy + lactation)
amounts to 18.9% (recalculated after Migula 1969). To
determine the value of production alone in this period
(P3), it has been assumed that the younger animals (age
class II) produce on average of 4 young, while the older
ones (age class I1I) produce 6 young (Straka 1967).
Average body weight and caloric value of the new-born
voles and of the young on the day of weaning were
adopted from Sawicka-Kapusta (1970), and used to de-
termine the average daily production for sub-adult and
adult females during reproduction. Using these assump-
tions, the biomass of juveniles at weaning, expressed as
a percentage of the adults’ body weight, is almost iden-
tical in both age classes and amounts to 73%. Data from
Migula (1969) indicate that reproducing females do not
gain in body weight, and thus are not charged with the
cost of growth (Tab. 7). The daily energy budget of a
reproducing female may now be computed:

DEBi = ADMRi + Pi/0.189 (12)

4.1.5. Consumption of energy and biomass

Daily energy budgets (DEB's), calculated as a sum of
the cost of maintenance (ADMR) and the cost of growth
or reproduction represent assimilation (metabolized
energy), according to the terminology accepted in pro-
ductivity studies (Petrusewicz and Macfadyen 1970).

Consumption of energy (C) required to balance the
total energy budget may be calculated as the assimila-
tion coefficient of natural foods. In this study we use 0.6
(cf. Sect. 3.4).

Thus

Ci = DEBi/0.6 (13)

Then, the amount of biomass consumed is:
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Tab. 8. Four "artificial” populations of common voles.
Number of voles per ha are given.

Cultivar Density Spring Summer Autumn  Winter
(March) (June) {Sept) {Dec)

Alfalf: Normal 27 86 93 60
a2 Outbreak 112 1412 1450 781
Winter Normal 3 15 10 60
wheat Qutbreak 22 84 84 60
CBIO: = Ci/CVAL (14)
where i = subscript for a given age class, CVAL =

caloric value of food, kcal g~!.

4.1.5. Population density and structure

The previously computed consumption by individual
voles must be combined with demographic data in order
to estimate the consumption of a whole population.
Despite the abundance of literature on the common
vole, it is difficult to find a complete account of the
population dynamics, that would include both density
and structure of age and/or body weight. For this
reason, artificial populations were created for computa-
tions.

Estimates of seasonal changes in abundance during
an outbreak and during a year of normal density were
taken from Ryszkowski et al. (1973). Different vole
populations were used for alfalfa and wheat crops.
There were no satisfactory data for the winter season,
so the density in this period was interpolated from the
autumn and spring numbers. The maximumdensity dur-
ing an outbreak reaches 1450 voles ha~'in alfalfa, and 84
voles ha~! in cereals, while in a normal year the density
is 93 and 15 animals ha~!, respectively (Tab. 8). Propor-
tions of juveniles, subadults, adults and reproducing
females from groups Il and 111 are taken from Straka
(1967). By interpolating for short time intervals (6 d),
these data were used in a dynamic model to estimate the
consumption of population in an annual cycle.

4.1.6. Impact sub-model

Each measure of the impact of rodents on the crops is

calculated on the basis of consumption values obtained

in the main model. The multiplication of consumption

by the coefficients described in Sect. 3.5. yields a com-

plete impact, TOTAL.

The pertinent equations are:

TOTAL. = C x DEST x UNGR x SUCC x

STLEAF s

for alfalfa, and

TOTALw« = C x QUANT x QUAL (16}

for wheal.
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Fig. 3. Flow diagram of the program used for computations of
bioenergetics and total impact of common vole populations.

The successive intermediate values have the follow-
ing meaning: C x DEST represents total biomass re-
moved, C x DEST x UNGR represents the biomass
removed plus that which did not grow and, finally, C x
DEST x UNGR x SUCC represents the previous sum
increased by the biomass of alfalfa replaced by weeds.
TOTALais a measure of the impact of voles on the crop
of alfalfa leaves, whereas TOTALw is a measure of
impact on the quality and of quantity of grain crop.

4.1.7. Computations

Computations for the populations were done by means
of a FORTRAN program (Fig. 3), with parameters in-
terpolated for 61 six-day intervals which covered a
whole year. The impact on crops was simulated for 42 d
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(from 1 August to 11 September) for alfalfa, and for 80 d
(from late April to July) for wheat. Simulation of impact
has been limited to these periods, owing o a lack of
experimental dala on impact for other periods.

4.2. Results of simulations
4.2.1. Individual DEB-model

Simulated energy budgets of all sex and age categories
show similar changes during a yearly cycle. The lowest
values occur in summer and remain more or less con-
stant from mid-April to mid-October. The highest of
energy requirements of individuals is observed in winter
and is almost constant from mid-November to mid-
February. In the remaining transitional periods energy
budget changes markedly; energy requirements de-
crease considerably in spring and increase again in au-
tumn (Fig. 4). Reproduction significantly increases the
energy requirement. In summer this requirement is
about 20.9 kcal animal~' d-' in in subadults (21.7 g in
weight) and as much as 29 kcal animal~! d-! in adults
(32.8 g in weight), increases of 125% and 159% (Fig. 4).
The total DEB of the animals reproducing in winter is
still higher in both age classes and reaches 27.8 and 39.4
kcal animal-!' d-', respectively (Fig. 5). The voles feed-
ing on bulky food in winter would not be able (o ingest
enough food to satisfy their energy budget if they were
reproducing; this would require a feeding rate of the
order of 30-60 g biomass d~'.

DEB ~ Kcalx animal™= day™

JUVENILES

A
®

a
g

@

iy

IJFMAMI JASOND
MONTHS

Fig. 4. Daily energy budgets of non-reproducing voles of three
age classes: A ~ assimilation (DEB), R - respiration, ADMR -
average daily metabolic rate.
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Fig. 5. Daily energy budget of a reproducing adult female. A -
assimilation, R - respiration, ADMR - average daily metabolic
rate.

One way 1o test the validity of any model is to com-
pare the results of model estimates with the actual fig-
ures obtained from independent measurements. Unfor-
tunately, the energy requirement of voles living in the
field have never been measured. Sawicka-Kapusta etal.
(1975), however, have studied the energetics of laborat-
ory colonies of voles kept under seminatural conditions
and the values obtained are in close agreement with
mode! estimates. For instance, the experimentally de-
termined energy requirement of a 16.0 g vole feed on
alfalfa is 8.6 kcal animal~! d-! in summer and 8.7 kcal
animal~! d-! in autumn. Corresponding values com-
puted from the model for a juvenile in mid summer and
autumn are 8.14 and 8.85 kcal animal?! d-', respec-
tively.

4.2.2. Population energy demand

Energy demand of a vole population was simulated for
normal and peak populations in alfalfa and wheat crops
(Tab. 8). Total energy consumption varied considera-
bly. In an outbreak year, animal consumption in alfalfa
field was 24321.8 Mcal ha~! yr~' (Tab. 9), reaching top
values (41 Mcal ha~! d-') in mid summer and falling
down to about 4 Mcal ha=! d~' in early spring (Fig. 6). In
a year of normal vole density in an alfalfa field, energy
consumption ranged from 2.46 Mcal ha~! ¢! in summer
to 0.80 Mcal ha~! d-! at the turn of February and March
(Fig. 6). The annual consumption by such population
was 1765.7 Mcal ha~! yr~'. Much lower values of energy
consumption were computed for a population living in a
wheat field. Even in an outbreak year, total energy
consumption did not exceed 1765.7 Mcal ha~! yr-!, and
in a year of normal density was only 219 Mcal ha~! yr!
(Tab. 9). In all cases most energy is consumed by vole
populations in June-July, and least in February-March
(Fig. 6).

Particular categories of individuals have a different
share in the consumption of a whole population. Fig. 7
shows the share of various age and sex categories of
voles in the energy consumption of a whole population
in an alfalfa field during a year of normal density. The
highest share is that of reproducing adults, which are
responsible for 34% of the annual consumption of the
whole population, and it is at its peak in June and July.
The share of reproducing subadults in the total con-
sumption is much smaller and has a different course
during the year (Fig. 7). Recall that energy budgets of
these two categories of individuals include the cost of
maintenance and growth of the nestlings being nursed
by females. Non-reproducing adult females and males
have their highest share in population energy consump-
tion in autumn, while peaks for the juveniles and non-
reproducing subadults fall in spring and autumn.

The major portion of energy assimilated by voles is
dissipated as respiration (Tab. 9, Fig. 8); production
averages 7.2% of respiration. Thus the production effi-
ciency estimated by this model approximates that found
in populations of many small rodent species (Grodzifiski
and French 1974). A large portion of food consumed by
voles returns to the ecosystemin the form of excreta. In
various populations this portion ranges from 87.7 to
9728.7 Mcal ha-! yr-! (Tab. 9, Fig. 8).

Tab. 9. Energy balance of four common vole populations (Mcal ha~! yr').

Cultivar Density Respiration Production Assimilation Consumption
Alfalfa Normal 987.9 71.5 1059.4 1765.7
Qutbreak 13590.0 1003.1 14593.1 24321.8
. Normal 122.5 9.1 131.6 2193
Winter wheat Outbreak 988.1 73 1059.4 1765.7
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Fig. 6. Daily energy A
consumption by common
vole populations. ©
A. Outbreak years, alfalfa,
B. | — outbreak year, wheat,
2 - normal year, alfalfa, 354
3 - normal year, wheat. .
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Fig. 7. The share of various
age and sex categories of
voles in energy consumption
of a whole population (aifalfa,
normal year): 1 - juveniles,
2 - non-reproducing
sub-adults, 3 -
non-reproducing adults, 4 -
reproducing sub-adult
females, 5 - reproducing
adult females, 6 - energy
consumption of a whole

population.
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4.2.3. Energetic and extraenergelic impact
Energy flow through small mammal populations repres-
ents but afew per cent in relation to the primary produc-
tion available in the ecosystems (Golley et al. 1975), and
this suggests a rather negligible role of rodents in the
functioning of ecosystems. However, total impact may
be much greater than consumption of available energy
indicates. Fig. 9 shows changes in consumption itself
and total impact during a period of 42d of alfalfa growth.
Maximum daily consumption by voles reaches 2.7 g'of
alfalfa m-? and represents merely 0.18 % of the potential
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crop of alfalfa from this area. If, however, cocfﬁc:te.nts
for destruction, unrealized growth and weed s}xcccsslon
(see Sect. 3.5.) are taken into account, the impact or:
alfalfa plants reaches a maximum value of 31.8 g m~

which makes up 2.14% of the potential crop of glfalfa
green mass. With the inclusion of stem/leave ratio the
total daily impact may be as high as 2.5% of aifalfa
leaves. Thus, the impact or rodents cxprcsscq as effect
on leaves is 13 times greater than that indlca_le.d by
consumption during the period of highest susceptivity of
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Fig. 8. En=rgy balance of a common vole population during a
year of normal density.

alfalfa to damage. In other periods the impact exceeds
consumption by 4-8 times.

The results obtained from the impact submodel for a
normal density year show the daily consumption of
population as 0.17 g m=2, which is only 0.01% of the

available alfalfa biomass. The total impact on alfalfa
cropis also limited, although its cumulative value for the
whole period exceeds consumption by more than 8
times.

Fig. 9B shows the result of impact simulation for a
year of outbreak in wheat fields. The curve fitted by
hand indicates a considerable increase in impact
phenomena in the stage of ear/head formation. The
daily consumption in this period reaches 0.24 g of green
mass m~2 and results in a maximum reduction in grain
crop of 9.2 g m-2, or 2.3% of the potential grain crop
from this area. At other times the effect of voles on the
wheat crop does not exceed 0.5 g m=2, or 0.12% of the
potential harvest. The decrease in consumption at the
time of head ripening is due to the fact that voles switch
to feeding on grain with a high caloric content as com-
pared to the green mass. The daily grain consumption of
the order of 0.05 g m~2 decreases the crop by 0.11 g m-?,
or 0.03%-of the control crop from this area.

A similar simulation for a normal year in wheal fields
has demonstrated that, in the period of the highest sus-
ceptibility to grazing, the voles reduce the grain crop by
0.41%. While feeding on grain, they consume 0.016 g
m-?, which is as little as 0.004% of the potential crop.

The results of these simulations agree with the obser-
vation of Ryszkowski et al. (1973) that voles have prac-
tically no effect on another cereal crop (rye). Ruzi¢
(1971) has found, however, that in autumn and winter,
not consiered in this study, voles may reduce the crop of
wheat by as much as 12.4%. The cumulative impact of
grazing over the whole period of growth for a crop may
be even greater than the daily estimates suggest.

Fig. 10 illustrates the consumption by a population of
voles computed for the whole year of outbreak in alfalfa
as well as the impact during the period between the

BIOMASS - g-10% - doy™
5 8§ 8 § &

]
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Fig. 9. Consumption and total
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Fig. 10. Comparison of vole consumption and their total impact
on third hay of aifaifa.

second and the third alfalfa cutting. The cumulative
consumption of biomass during these 42d is 170.6 g m~2,
which represents 11.5% of the potential crop. If the
impact of voles on the crop is only considered in terms
of biomass consumed, the crop should be decreased
only by one. The cumulative value for total impact for
this period amounts to 1135.1 g m=2 (76.7% of the poten-
tial crop), a devastating effect.

It is thus clear that utilization of bioenergetic data for
estimation of impact of herbivores requires an unders-
tanding of extraenergetic effects on vegetation.

APPENDIX

Deflnition of mathematical symbols

Mathema-

tical

symbols Definition and unit used

a constant in Eq. (6) [kcal animal-! d-! °C~!})

ADMR average daily metabolic rate [cm?>Oz2g7' h!
or kcal animal=' d-'}

b constant exponent in Eq. (7)
c constant in Eq. (6) {kcal animal-' d-')
508

C total biomass consumption of the popula-

tion (g m-? d-']

G energy consumption in i-th age class [kcal
animal-! d-']

CBIO: biomass consumption in i-th age class (g
animal-' d-']

CVAL caloric value of food [kcal g')

DEB; daily energy budget og i-th age class [kcal
animal-' d-')

DEST coefficient of crop destruction

EPi daily cost of growth in i-th age class [kcal
animal-! d-!]

social effect correction factor for ADMR

subscript for age class

number of animals in a group (sample)

mean daily production during pregnancy

and lactation [kcal animal-* d-']

AP mean daily energy deposition during growth
in i-th age class [kcal animal~! d-!}

QUAL coefficient of reduction in grain quality

QUANT  coefficient of reduction in grain quantity

AR; additional respiration for growth in i-th age
class [kcal animal~! d~!)

RMR resting metabolic rate {cm*Oz g~! h-1]

Nz

s seasonal correction factor for ADMR
STLEA  coefficient of change in stem/leave ratio
SUCC coefficient of weeds succession on a crop
t ambient temperature [°C]

TOTALa. total impact on alfalfa {g m~2 d-!]
TOTALw total impact on wheat [g m~2 d-!)
UNGR coefTicient of unrealized growth

w body weight [g]

X age [d]

@ constant in eq. (6) [kcal animal-! d-! °C-?]

B constant in eq. (6) [kcal animal~! d-! °C-")

o(t) temperature dependent additive correction
factor for thermoregulation {kcal animal~!
d-Y
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