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Consumption of natural foods, digestibility, assimilation level, and
diurnal energetic requirements were studied in two species of voles
gMicrotus arvalis, Clethrionomys  glareolus) and two species of mice
Apodemus  agrarius and Apodemus  flavicollis). Eleven concentrated,
compound, and bulky diets were examined. For each series 10—15
animals were used. Experiments were carried out in metabolic cages
with the aid of the balance method. Coefficients of digestibility for
dry matter in concentrated diets (beechmast, acorns, hazel-nuts, oats)
reached from 84.3% up to 93.5%, while in compound diets (hazel-nuts
and ground vegetation) from 80.9% up to 85.5%. Digestibility of dry
matter for bulky food was lower in C. glareolus and M. arvalis and
amounted on an average to 73.9%. Energetic losses in faeces when
compared with the ener%y taken in food fluctuated from 7.1 to 226,
while in urine — from 0.7 to 5.4% depending upon diet. Assimilation
level for various foods oscillated within limits from 652 to 90.9% of
the energy taken with food. Diurnal energetic requirement calculated
from assimilated food amounted to 0.432 kcal/g/day in C. glareolus, to
0462 kcal/g/day in M. arvalis, 0561 kcal/g/day in A. agrarius, and to
0.387 kcal/g/day in A. flavicollis.

I. INTRODUCTION

Studying the energy flow through small rodent population one should investi-
gate what part of the energy taken in food by these animals is assimilated and
what part joins the turn over in a form of excretions, i.e. faeces and urine
(Davis & Golley, 193; Golley, 1967; Petrusewicz, 1967; Petruse-
wicz & Ryszkowski, 1967). Thus indispensable becomes the determination
of the consumption of natural food, coefficients of digestibility and energy assimil-
ation level. Experiments of this kind, carried out from long ago on farm animals,
not only explained relationship between fodder composition and its digestibility
and utilization (assimilation), but also shed some light on transformations of
energy occuring within animal organism (Brody, 1945 Nehring, 1959; K1lei-
ber, 1961, Blaxter, 1966). Recent nutritional studies on small rodents were

* This study was carried out under the Small Mammal Project of the Inter-
national Biological Programme in Poland.
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limited exclusively to weight determinations of food consumption (Sviridenko,
1940; Naumov, 1948; Petrov, 1963; Drozdz, 1964), or to the calculation of
food consumption in calories (Morrison & Teitz, 1953; Gorecki & Ge b-
czynska, 1962; Grodzinski, 1962). More detailed studies were brought to
the determination of digestible energy (Turcéek, 1956, 1957, 1967; Golley,
1960; Hawkins & Jewell, 1962; Odum et al, 1962; Kaczmarski, 1966).
The examination of the full energetic balance in small mammals requires still
the evaluation of energetic losses with urine. Certain data in this respect were
cited only by Golley (1962); Davis & Golley (l. c), and Drozdz (1967).

The present paper concerns mainly digestibility and assimilation of
the natural foods in small rodents — voles and mice. It presents also an
attempt of the evaluation of diurnal maintenance costs studied on the
way of food rations. Owing to this fact it may provide an important
element for the construction of energetic balance for these animals.

Il. MATERIAL AND METHODS

Studies on digestibility and assimilation of natural food were done on four
species of rodents: common vole, Microtus arvalis (Pallas, 1779), bank vole,
Clethrionomys  glareolus (Schreber, 1780), stripped field mouse, Apodemus
agrarius (Pallas, 1771), and yellow-necked field mouse, Apodemus flavicollis
(Melchior, 1834). These species dominate in our field and forest ecosystems
and this is why they were selected for bioenergetic studies under the Polish
»Small Mammal Project of IBP«. All animals came from the Ojcow National
Park near Cracow, where they were captured with the aid of live traps in beech
forests, on forest clearings and in fields.

Experiments were done with the balance method, which consists in the daily
supplying of animals with a known quantity of food and collection of all faeces
and urine. The method determines quantitatively components taken in food and
those excreted with faeces and urine. Each series contained 10—15 adult animals.
Altogether the digestibility and assimilation were examined in 120 rodents.

Animals stayed for 14 days on each diet. During the introductory period of
9 days they were kept without litter in metal cages of »Biatowieza« type (45X
25X15 cm). At this time they received exclusively test food. The long introduc-
tory period not only enabled the complete filling of rodents' alimentary tracts
with a new food (Bashenina, 1962; Kostelecka-Myrcha & Myrcha,
1964), but also their adaptation to the new diet. The proper experimental period
which last five days animals spent in single metabolic cages ‘).

These cages were made of rustless sheet and net. They have a form of cy-
linder 13 cm high, with a diameter of 12 cm, floor area of 113 cm? and volume
of nearly 1500 cm®. Floor area doubles the standard suggested for laboratory
animals with body weight of 20—25 g (Lane-Petter, 1967). Two-part feeder
with calibrated diameter of tunnel prevented the carrying out of food and turning
of animals in it. Such cages ensured an accurate control of food and water
intake, as well as separate collection of faeces and urine (Drozdz, 1968). Animals
were weighed before the introductory period, at the beginning and end of proper

Voles fed with beechmast provided an exception, since they were kept in two
per a cage.
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experiments. All experiments were carried out at the temperature of circa 20+2°C
and with 12 hours illumination rhythm.

Natural diets for bank voles and mice were compiled on the base of results
of stomach analyses and experiments on food preferences in these rodents
(Drozdz, 1966, 1967). Food for common voles and stripped field mice were
selected on the base of papers by Bashenina (1962) and HoliSova (1967).
Bank voles were given three types of diets: concentrated, compound, and bulky,
common voles — concentrated and bulky one, yellow-necked field mice — two
concentrated diets and a compound one, while stripped field mice — only two
concentrated diets. Bulky food for mice comprised common plants from forest
herb layer: Oxalis acetosella and Galeobdolon luteum (Rajchel 1965 Ka z-
mierczakowa, 1967), which are willingly taken by these rodents (Drozdz,
1966). In the compound diet for bank voles and yellow-necked field mice there
was considered only the quantitative ratio of herbaceous plants and seed. This
diet corresponded roughly with the mean diet of bank voles and yellow-necked
field mice determined from stomach contents. It is composed of milled hazel-nuts
(Corylus avellana) and plants (Asperula odorata and Pulmonaria obscura), mixed
at the ratio of 3:1 of dry matter for bank voles and at the ratio of 10:1 for mice.
The concentrated diet for bank voles provided beechmast (Fagus silvatica) and
shelled oats, while for yellow-necked field mice — hazel-nuts and acorns (Quer-
cus sessilis). The bulky diet for common voles provided green wheat germinated
in laboratory (Bashenina, 1962), while the concentrated one — shelled oats.
Stripped field mice were fed with two concentrated diets. Highly caloric com-
pound diet was a modified food given by Grodzinski (1962). It was composed
of wheat and hazel-nuts mixed at the ratio of 1:1. Shelled oats provided another
concentrated diet. To prevent the selective feeding on certain components and
carrying out food from feeders by animals, mixed food and certain seed were
given in a milled state.

Quantitatively collected faeces from metabolic cages were dried in oven, while
the urine was acidified with 1% H,S0, and stored in refrigerator at the temper-
ature of 4°C. Samples of foods, faeces, and urine were subjected to a standard
chemical analysis after A. O. A. C. (1960), in which there were determined: dry
matter, total protein (Kjeldahl), ether extract (Soxhlet), fibre, N-free extract, and
ash. Caloric value of foods, faeces, and urine was determined in calorimetric
bomb with Berthelot's method (Gorecki, 1965). Caloric value of urine was
determined after Nijkamp's method (1965) in the course of burning it with
polyethylene foil, on which it was previously vapourized in vacuum oven.

In experiments there were determined: food intake, digestibility of dry matter,
organic matter, and digestibility of individual components of food, energetic
losses with faeces and wurine, assimilation level, as also the daily energetic
requirements calculated from assimilated energy.

I11. RESULTS
1. Chemical Composition and Caloric Value of Foods, Faeces, and Urine

Studied foods differed considerably in respect to their chemical com-
position (Table 1). Concentrated diets (shelled oats, acorns, beechmast.
hazel-nuts, wheat + hazel-nuts) were characterized with a very low
fibre content, which fluctuated within rather narrow limits from 1.56%



Tabela 1.
Chemical composition of food, faeces, and urine expressed in °0°% of dry matter.
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Microtus arvalis
Oats 15.0 171 98.29 182 1130 156 736 7807 19
Faeces 637 9362 381 2384 3.01 1500 5177
Urine 0.68
Green wheat 87.60 311 9689 300 1875 2750 3.08 4629 15
Faeces 6.00 9400 424 2648 26.73 156 40.23
Urine 0.94
Clethrionomys  glareolus
Beechmast 4.99 491 9501 488 3050 725 49.63 763 14
Faeces 2182 7806 517 3235 1122 24.69 9.92
Urine 2.28
Mixed 504 275 9725 273 1712 1484 5158 1371 111
Faeces 742 9258 409 2558 18.80 850 39.70
Urine 1.70
Oats 15.00 171 9829 182 1130 156 736 7807 19
Faeces 685 9315 378 2362 325 1425 52.03
Urine 0.75
Greens 86.20 785 9215 225 1406 3312 315 4242 16
Faeces 1572 8428 318 1033 3125 387 38.83
Urine 0.67
Apodemus  agrarius
Oats 15.00 171 9829 182 11.30 156 736 7807 19
Faeces 964 9036 559 34.78 193 1467 38.98
Urine 174
Compound 6.60 334 9766 202 12.65 265 3340 5120 ii2
Faeces 854 9145 440  29.92 7.35 798 5075
Urine 321
Apodemus  flavicollis
Hazelnuts 5.35 238 9762 228 14.49 210 6714 2389 114
Faeces 1031 8969 493 26.83 448 1803 40.32
Urine 157
Acorns 14.21 251 9749 091 5.74 452 6.85 8036 121
Faeces 6.24  93.76 152 9.55 8.90 340 71.87
Urine 0.57
Mixed 4,76 304 9696 246 15.41 939 63.70 8.46 i.i4
Faeces 1091 89.09 321 2007 1749 2055 30.98

Urine 0.85
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in shelled oats up to 7.25% in beechmast. These foods differed also in
respect to the content of fats, protein, and carbohydrates. Hazel-nuts
were of highly fatty character, beechmast — of protein-fatty character,
while acorns — carbohydratous one. In mixed diets for voles and mice
the content of ether extract was very high and amounted from 51.57
to 63.70%, respectively. The content of total protein was similar in
both diets. The higher fibre content in the mixed diet for voles resulted
from the higher per cent proportion of plants (ca 30%). Bulky diets
(green corn, herb layer vegetation) were characterized by a high water
content — on an average 85% and by a very high fibre content — 27.5
and 33.1%, respectively.

Table 2.
Caloric value of foods, faeces, and urine. Foods and faeces
in kcal/g of dry matter free of ash. Urine in cal/g of liquid.

Kind of diets Food Faeces Urine

Microtus  arvalis

Oats 4.389 5.280 48
Green wheat 4.836 5.486 85

Clethrionomys  glareolus

Beechmast 7212 5.200 170
Mixed 6.997 5.026 164
Oats 4.389 5.318 165
Greens 4.285 4.485 78

Apodemus  agrarius

Oats 4.389 5.361 182
Compound 6.001 4.690 205

Apodemus  flavicollis

Hazelnuts 8.032 5.340 201
Acorns 4.159 4479 132
Mixed 7.431 4.863 331

Biological value of food is described by so-called protein ratio or the
ratio between digestible protein and digestible components deprived
of nitrogen, i. e. N-free extract, fibre and fat (the quantity of fat is
multiplied by the coefficient 2.4). Protein ratio of food fluctuated
within broad limits from 1:4 in beechmast to not less than 1:21 in acorns
(Table 1).

Caloric values of used diets were quite differentiated and were
enclosed within limits from 4.159 kcal/g of ash-free dry weight for
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acorns to 8.032 kcal/g for hazel-nuts (Table 2). Since the caloric value
of diet is dependent mainly upon its fat content, thus caloric values of
fat-protein diets (nuts, beechmast, mixed diets) were highest and fluc-
tuated from about 6,000 kcal/g to more than 8,000 kcal/g; on the other
hand bulky diets (green corn and herb layer vegetation) and concentrat-
ed diets with carbohydratous and carbohydratous-protein character
(acorns, oats) did not exceed 5,000 kcal/g (Table 2).

Energetic values of faeces and urine obtained from rodents fed with
various diets were very similar for 1 g of dry faeces (4,690 kcal — 5,486
kcal), while for 1 g of liquid urine were contained within very broad
limits from 48 to 331 cal/g. The lower caloric value of urine was found
in common and bank voles fed with bulky diet, while the higher one
in mice (Table 2).

2. Digestibility of Natural Food

All test diets were characterized with high coefficients of digesti-
bility for individual components, what evidenced their high utilization.
The digestibility of more important components — total protein, fat,
and fibre oscillated most frequently within limits of 70—90% (Table 3).
The greatest range between coefficients of digestibility for various diets
has been found in common voles. The highest coefficient of digestibility
for dry matter and organic substance was found in common voles fed
with shelled oats. The coefficient of digestibility amounted to not less
than 93.54% for dry matter, while to 94.02% for organic matter. The
digestibility of bulky diet was by almost 20% lower in the same rodent
species.

Coefficients of digestibility for dry matter and organic matter for
diets fed to bank voles were also very high. They fluctuated from 80
to 90%, except of compound diet from herb layer vegetation, the di-
gestibility of which was distincly lower (Table 3).

Mice digested their diets to a high extent. Coefficients of digestibility
for the dry matter of these diets fluctuated from 82.3 up to 91.7%,
while for organic substances — from 82.8 to 92.1% (Table 3).

The value of coefficients of digestibility for dry matter and organic
substances in the studied rodents depends mainly upon fibre content
in diet (compare table 1 and table 3). Results obtained with acorns
provided an exception. Slightly lower digestibility of this diet is pro-
bably connected with its very broad protein ratio and low moisture
content. The relationship between the increase in fibre content and the
lowering of digestibility coefficient is distincly visible. Diets with low
fibre content — shelled oats, hazel-nuts, beechmast amounting from
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1.56 to 2.10%, are easily digestible (about 88 to 93.5%), while diets with
high fibre content from 15 up to 33.12% — green corn, herb layer
vegetation, compound diet for voles have distincly lower coefficient of
digestibility (circa 74 to 80%). There were found no fundamental
differences in possibilities of digestion of these same diets in studied
rodent species. Both the common vole and mice have similar coefficients

Tabela 3.
Coefficients of digestibility for individual food components expressed in per cents
of component's intake (means for 10—15 animals).

Kind of diet Dry Organic Crude Ether Crude N-free

matter matter protein extract fibre extract
Microtus  arvalis
Oats 93.54 94.02 86.37 86.95 87.82 95.72
Green wheat 73.94 74.49 63.20 87.01 74.69 77.36
Clethrionomys  glareolus
Beechmast 88.17 90.15 87.47 94.11 81.79 84.66
Mixed 80.98 82.85 7161 96.87 81.26 44.93
Oats 89.75 90.69 78.58 80.16 66.02 93.23
Greens 74.01 75.82 82.29 70.47 77.20 92.40
Apodemus  agrarius
Oars 91.70 92.13 74.51 83.55 89.74 95.86
Compound 85.45 86.76 65.61 97.24 68.30 85.58
Apodemus  flavicollis
Hazelnuts 88.95 89.53 79.57 97.03 76.66 67.96
Acorns 82.31 82.82 70.73 91.24 65.26 84.18
Mixed 85.55 86.65 81.18 95.35 73.16 47.16

of digestibility on the same diets. For example the digestibility of oats
in bank voles, common voles, and stripped field mice fluctuated within
limits of 4%, namely from about 90 up to 93.5% (Table 3).

3. Energetic Losses with Faeces and Urine

The energy taken in food is obwiously not completely utilized by
animals. A portion of it leaves organisms with a not fully digested
diet in a form of faeces, and another portion goes with not completely
degraded compounds of nitrogen in urine. The size of these losses
depends not only on the quantity of excrements, but also on their caloric
value. Losses of energy contained in faeces and urine expressed in per
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cent of energy taken (gross energy) usually deviate only slightly from
losses calculated in per cents of dry weight (Table 3 and 4). Common
voles fed with the concentrated diet — shelled oats, excreted with
faeces and urine on an average 10% of the value of energy of food
uptake, what evidences a very intensive utilization of the energy taken.
On the other hand when fed with bulky diet they lost in faeces and
urine not less than 35% of the energy contained in diet. In bank voles

Tabela 4.
Digestibility and assimilation of natural foods of common voles, bank voles, and
mice (in per cents of energy intake). Means + standard deviations are given.

. Number Digested . Assimilated
Diet of animals Faeces energy Urine energy
Microtus  arvalis
Oats 10 7.68+1.51 92.32+1.37 2.60+1.21 89.72+0.94
Green wheat 10 2961+ 161 70.39+1.55 5.15+0.66 65.24+1.10
Clethrionomys  glareolus

Beechmast 10 7.14+1.41 92.86+1.29 4.15+0,55 88.71+ 142

Mixed 10 12.22+1.45 87.78+1.38 2.97+1.62 84.81+ 148

Oats 10 10.89+2.25 89.11+2.24 2,99+1.15 86.12+2.30

Greens 10 22.59+2.69 7741+ 348 5.40+0.74 72.02+3.51
Apodemus  agrarius

Oats 15 9.55+0.65 90.45+1.15 1.44+0.91 89.01+ 1.11

Compound 10 10.38+1.74 89.62+1.38  0.73+0.18  88.89+1-51
Apodemus  flavicollis

Hazelnuts 1 7.78+1.21 92.22+0.95 1.27+0.45 90.95+1.02

Acorns 12 1861+ 125 81.39+1.58 2.67+0.65 78.72+1.55

Mixed 11 8.91+0.55 91.09+0.53 2.53+1.65 88.56+0.67

kept on concentrated and compound diets energetic losses with faeces
fluctuated from 7 up to 12%, while those with urine from circa 3 to
4%. Bulky food (herb layer vegetation) was utilized at worst similarly
as in common voles. Energetic losses with excrements amounted to 28%,
thus assimilated energy reached only 72%. A. agrarius revealed a very
similar degree of the utilization of both served diets, Both those fed
with shelled oats and with highly caloric compound diet assimilated
89% of the energy taken in food. A. flavicollis also digested and assi-
milated almost 90% from diets served to them. Exception provided
acorns, from which rodents were able to assimilate only 78.7% of
energy (Table 4).
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4. Diurnal Intake and Assimilation of Energy

Diurnal energy intake by rodents depended upon the type of diet,
its caloric value, and also upon the size of animal itself. Rodents con-
sumed daily on average from about 2 up to 4 g of highly caloric food
and not less than 18 to 25 g of bulky food. Caloric values of taken food
fluctuated from circa 12 to 16 kcal (Table 5).

Tabela 5.
Daily consumption and assimilation of foods by common voles, bank voles, and
mice (means for 10—15 animals + standard deviations).

; Average body Consymption  Consumption  Assimilation
Diet weight (g) 10 (kcal) (kcal)
Microtus — arvalis
Oats 22.6+2.2 4.24+0.73 16.20+2.81 14.52+2.01
Green wheat 21.8+2.1 25.00+1.41 15.01+0.85 9.80+0.75
Clethrionomys  glareolus
Beechmast 22.7+2.6 1.92+0.25 13.25+1.73 11.79+1.73
Mixed 23.1+2.1 2.26+0.30 25.18+2.05 12.90+2.03
Oats 22.9+2.0 3.40+0.48 13.01+ 1.85 11.20+1.87
Greens 22.4+3.6 18.26+2.90 12.75+2.07 9.23+1.88
Apodemus  agrarius
Oats 22.3+1.6 3.46+0.53 13.24+2.06 11.78+1.12
Compound 20.6+2.2 3.00+0.25 16.92+1.45 15.04+0.81
Apodemus  flavicollis
Hazelnuts 27.9+4.1 2.12+0.33 16.28+2.56 14.84+1.91
Acorns 24.1+3.2 3.50+0.55 12.78+1.95 10.07+1.55
Mixed 28.8+5.5 2.06+0.31 14.66+2.92 12.98+2.01

Daily energetic losses with faeces and urine in rodents fed with
various diets amounted on an average to 3.44 kcal for M. arvalis, 2.26
kcal for C. glareolus, 1.67 kcal for A. agrarius, and 1.94 kcal for A. fla-
vicolis.

5. Nitrogen Balance

Table 6 presents results of the study on nitrogen metabolism in
rodents fed with various diets during 5 days long experimental period.
Common voles, for example, fed with shelled oats consumed on an
average 0.33 g of N with food, excreted 0.04 g with faeces, and 0.28 g
with urine. With bulky food in spite of fact that they consumed 0.46 g
of N, due to the low digestibility of this diet (Table 3) they excreted
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not less than 0.17 g of N with feaces. The metabolism of nitrogen in
voles fed with various diets was rather similar. VVoles excreted on an
average 0.06 g of N with faeces, while 0.27 g of N with urine. There
was found a negative nitrogen balance for compound and bulky diets.
For stripped field mice on both diets the nitrogen balance was negative,
while for yellow-necked field mice it was negative only in the case of
feeding with acorns.

Tabela 6.
Nitrogen balance — mean values for one animal during the period of five days
of experiment.

. N in food N in faeces N digested N in urine B
Diet (&) & fggsted N in urine - Bejgpce
Microtus  arvalis
Oats 0.33 0.04 0.29 0.28 0.01
Green wheat 0.46 0.17 0.29 0.32 —0.03

Clethrionomys  glareolus

Beechmast 0.44 0.06 0.38 0.36 0.02
Mixed 0.29 0.08 0.21 0.23 —0.02
Oats 0.27 0.06 0.21 0.18 0.03
Greens 0.33 0.06 0.27 0.32 —0.05

Apodemus  agrarius

Oats 0.27 0.07 0.20 0.26 —0.06
Compound 0.28 0.09 0.19 0.22 —0.03

Apodemus  flavicollis

Hazelnuts 0.23 0.05 0.18 0.17 0.01
Acorns 0.14 0.04 0.10 0.12 —0.02
Mixed 0.24 0.04 0.20 0.14 0.06

An adult rodent with body weight of 25 g took daily with food on
an average 0.06 g of N, out of which it excreted with faeces 0.01 g,
while with urine 0.05 g of N.

6. Determination of Maintenance Costs

Daily maintenance costs in rodents were calculated from meta-
bolizable energy of consumed diets (Table 7). One should remember
that the value of metabolizable energy depends upon food intake,
coefficient of digestibility, and energetic losses with excreted urine.

In M. arvalis fed with oats the metabolizable energy amounted on
average to 0.641 kcal/g/day and permitted them not only to meet
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maintenance costs, but also for the production of body. During five
days long experiment all examined animals gained on an average by
0.6 g. On the other hand, when fed with green corn they were not
capable to meet their energetic requirements. Metabolizable energy of
green corn at the rate of 0.450 kcal/g/day was insufficient for main-
taining the constant body weight. During experiment animals lost on
average 1.1 g. Bank voles fed with beechmast and compound diet gained

Tabela 7.
Daily energetic requirements in rodents calculated from assimilated energy.
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Microtus  arvalis
Oats 22.6 0.641 +0.6 —0.057 0.584 0.467 10.55
Green wheat 218 0.450 —1.1 +0.120 0.570 0.458 9.94
Clethrionomys  glareolus
Beechmast 22.7 0.519 +0.6 —0.057 0.462 0462*%* 1048
Mixed 23-1 0.558 +0.2 0 0.558 0.446 10.12
Oats 229 0.489 —05 +0.039 0.528 0.422 9.66
Greens 234 0.392 —18 +0.110 0.502 0.401 9.38
Apodemus  agrarius
Oats 22.3 0.555 —21 +0.105 0.660 0.528 11.77
Compound 20.6 0.743 —0.2 0 0.743 0.594 12.23
Apodemus  flavicollis

Hazelnuts 27.9 0.540 +0.8 —0.059 0.481 0.384 10.71
Acorns 24.1 0.433 —12 —0054 0.487 0.389 9.37
Mixed 28.6 0.465 —0.7 + 0.023 0.488 0.390 11.15

* For more detailed explanations see text on page 383. ** The effect of lack of
nest was not detracted — animals stayed by two in a cage.

on weight on an average from 0.2 to 0.6 g, thus the provided meta-
bolizable energy fluctuating from 0519 to 0.558 kcal/g/day exceeded
slightly their maintenance requirements. In bank voles fed exclusively
with greenstuff, similarly as in common voles, there occurred a con-
siderable drop in body weight, on an average by 18 g. The meta-
bolizable energy at the rate of 0.392 kcal/g/day is thus too low for
a bank vole to meet its maintenance costs. Stripped field mice have
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slightly higher energetic requirements, than the above discussed species.
When fed with oats they revealed a remarkable drop in body weight
(on an average by 2.1 g), in spite of fact that the metabolizable energy
at their disposal was relatively high and amounted to 0.555 kcal/g/day.
On the other hand, when fed with highly caloric compound diet they
maintained a constant body weight taking not less than 0.743 kcal/g/day
of metabolizable energy. When compared with A. agrarius, which are
larger, A. jlavicollis are characterized with slightly lower maintenance
costs. When fed with hazel-nuts they gained slightly, while having at
disposal 0.540 kcal/g/day, and when fed with acorns and mixed food they
were loosing when provided with 0.433 and 0.465 kcal/g/day of meta-
bolizable energy.

In the calculation of actual maintenance costs there were taken into
consideration allowances for changes in animal body weight in the
course of experiment. Estimated thus actual maintenance costs for
rodents staying in metabolic cages become ever more similar in spite
of the use of various diets and various nutrition levels (Table 7). Ener-
getic requirement of various rodent species is negatively correlated
with their body size. And so in the smallest stripped field mouse it
was the highest and amounted on average to 0.701 kcal/g/day, for
common voles it amounted to 0.577 kcal/g/day, while for bank voles —
to 0.512 kcal/g/day. On the other hand, in largest yellow-necked field
mouse it is the lowest and reached only 0.485 kcal/g/day.

IV. DISCUSSION
1. Consumption, Digestibility, and Assimilation of Foods

In order to answer the question put forward in the introduction,
namely what part of energy taken in food is assimilated and what part
returns to circulation in a form of faeces, there were carried out
nutritional experiments on digestibility in which rodents were fed with
natural foods. The arrangement of such diets is not easy, since the
food of rodents reveals seasonal variation. For example forest rodents
(C. glareolus, A. jlavicollis) in autumn and winter feed mainly on tree
seed, during spring and summer on the other hand consume mixed
food (Drozdz, 1966). The diet of field rodents (M. arvalis, A. agrar-
ius) is also more concentrated during autumn and winter (Bash e-
nina, 1962; Holisova, 1967). The selection of diets has thus to
consider not only food habits of rodents, studied on the way of food
preferences and stomach analyses by Naumov (1948), Koskin a
(1957), Miller (1954), Holisova (1960), Gérecki & Gebczyn-
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ska (1962), Petrov (1963), Drozdz (1966), but also the distinct
structure of their alimentary tracts (Grodzinski, 1962; Myrch a,
1964; 1965; Vorontsov, 1967). Hence in experiments rodents were
given concentrated, mixed, and bulky diets, which approximately cor-
responded with various, seasonal foods of rodents in nature. Diets for
voles differed fundamentally from those given to field mice.
Nutritional experiments, in which the quantity of consumed by
rodents food was determined exclusively by weight, are entirely useless
for bioenergetic purposes due to the complete incomparability of ob-
tained results (various caloric values of provided foods). The calculat-
ion of food intake in calories yields more comparable results, espec-
ially when converted into 1 g of animal body weight. Such data for the
discussed rodents were compiled by Tanton (1965) and they almost
completely are enclosed within 0.32 and 0.96 kcal/g/day. The further
step in accuracy is achieved through the determination of digested
energy, i.e. after the deduction of energetic values of faeces. Tur-
¢ek (1956, 1957) estimated the digestible energy on 0.639 kcal/g/day for
yellow-necked field mice fed with acorns, while Kaczmarski
(1966) on 0.704 kcal/g/day for voles fed with wheat and carrot. Accord-
ing to Odum et al. (1962) maintenance costs for Peromyscus  polionotus
amounted to 0.61 kcal/g/day. The determination of maintenance costs
from metabolizable energy (Drozdz, 1967, 1968) provides the method
which gives most comparable results. Energetic losses with faeces and
urine are strictly connected with diet composition and digestibility. For
example caloric values for faeces obtained from various rodents fed
with husked oats are very similar. On the other hand there was found
no correlation between the caloric value of food and that of faeces.

Golley (1960) estimated energetic losses with faeces
in Microtus pennsylvanicus fed with alfalfa on 10%, while in those fed
with a mixed diet (carrot, lettuce, and oatmeal) — on 18%. For Pero-
myscus polionotus and Sigmodon hispidus fed with various plants the
energy excreted with faeces has been estimated on 8 to 36% in relation
to the diet in use, Golley, 1962). Turcek (1956) during his 10
days long experiment found that yellow-necked field mice fed with
acorns excreted in faeces only 10% of the energy taken. These data
are slightly lower, than those obtained in the present work and
estimated on 18.6%. Kaczmarski (1966), while feeding bank voles
with wheat and carrot indicated that energetic losses with faeces
amounted to only 11.5%.

Data concerning energetic values of urine in wild rodents are still
very scarce. It results from the present work and also from experiments
with laboratory mice and rats that losses with urine do not exceed 5%
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of energy taken (Davis & Golley, 1963; Trela, 1964). Caloric
value of urine from examined voles and mice was similar to that in
farm animals (Nehring, 1959). In common and bank voles fed with
bulky food there was found a distincly lower energetic value of urine.
This is connected with the quantity od daily consumed water and ax-
creted urine. Common and bank voles excrete daily from from 8 up to
15 g urine, while stripped field mice — only 2—3 g.

Animal excrements are utilized in the circulation of matter in the
course of the formation of a new primary production. Rodents excrete
daily from 0.22 up to 0.81 g of dry matter of faeces in relation to diet.
One may assume that both forest and field rodents excrete daily on
average circa 0.40 g of dry matter of faeces, therefore one rodent pro-
duces during a years about 150 g of faeces with a caloric value of circa
688 kcal/g/dry matter. This is twenty times more, than the caloric value
of its body with the weight of 25 g (Go6recki, 1965). Steppe rodents
in Eurasia zone for example, might produce from 20 up to 250 kg of
air dry faeces per hectare annually in relation to their density, what
presents already an important item in the circulation of energy (K u-
¢eruk, 1963). The richness of mineral compounds returned to circulat-
ion is also of importance. In the present experiment rodent's faeces
contained from 6 up to 21.8% of mineral substances depending upon
diet (Table 1). The determination of their quality provides a very im-
portant stage in studies on the circulation of elements, compounds and
transformations of energy in nature (Davis & Golley, 1963; Rafes
et al, 1964).

Digestibility of diets depends mainly upon their chemical
composition. The digestibility of dry matter for concentrated diets was
very high in rodents and amounted on the average to 89.07% (Table 3).
High digestibility of these diets is connected, among others, with their
low fibre content (Table 1). Owing to the low per cent of water they
have always the higher caloric value, than bulky food and therefore
are consumed in smaller quantities. For example, the bank vole accord-
ing to Grodzinski (1962) consumed 2.88 cm® of concentrated diet,
while not less than 29.21 cm® of bulky diet. Small amount of food is
for longer time retained within alimentary tract and therefore is
utilized better (Bashenina, 1962; Grodzinski, l.e.; Myrcha,
1964).

The low digestibility of bulky food is connected with three factors:
(1) high fibre content, which in served food amounted to 25—33%,
(2) high rate passage of these foods through alimentary tract, and
(3) decrease in digestion effects with the consumption of excessive
quantities of food. It is known that fibre content very obviously affects
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the lowering of coefficients of digestibility. The distinct correlation be-
tween fibre content and digestibility permitted Axelson (after Neh-
ring, 1959) to develop regression equations determining the rate of
digestibility decrease along with the increasing content of fibre in diet.
Nehring (1965) claims that the increase of fibre in food by 1%
results in the decrease in digestibility by 0.6 unit in ruminants and by
2 units in rodents. Fibre presents the fraction of food which contains

Microtus arvalis Clethrionomys glareoius
Apotiemus agrarius Apodemus flavicollis
r"~1 Energy loss in faeces Digested energy
IITTTO Energy loss in urine MetaDolizable - energy

Fig. 1. Average coefficients of digestibility for all used natural diets in small
rodents (in percentage of the energy intake).

such hardly digestible or undigestible components as cellulose, pento-
sans, cutin, lignine frequently incrusted with mineral salts. This pro-
vides the ballast of food, which when given in excess may cause the
lowering of digestibility for all food components. Common and bank
voles have well developed caecum (Vorontsov, 1967) and hence
some quantities of fibre have to occur in their diets. Higher fluctuations
in digestibility are noted when animals are fed with foods with high
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fibre content. This is evidenced by greater standard deviations for these
diets (Table 4).

While feeding rodents with bulky food one can note a very rapid
passage of food content through alimentary tract. According to B a-
shenina (1962) common voles fed with greenstuff may excrete the
food taken already after one hour. They cannot obviously be subjected
to a thorough digestion during such a short time. Common and bank
voles fed with greens consumed on average 25 g of fresh weight. Such
an enormous quantity of food results in the overloading of alimentary
tract and decrease in digestibility (Davis & Golley, 1963).

Mixed diets for voles and mice were characterized with somewhat
lower coefficients of digestibility, when compared with concentrated
diets (Table 3). In this case it is connected also with the higher fibre
content in these diets. The source of fibre provided here herb layer
vegetation mixed hazel-nuts. The coefficient of digestibility in dry
weight mixed diet for voles amounted almost to 81% (Table 3) with
fibre content of about 15% (Table 1), while for A. jlavicollis — to
about 85% with fibre content of 9%. There was noted no effect of fat
content upon the digestibility of diets.

The low digestibility of acorns results probably from their very broad
protein ratio (1:21), what sometimes involves the decline in digestibility
(Nehring, 1959). Acorns served were drier than those in Tur£ek's
(1956) experiments, what might also influenced the decrease in dig-
estibility.

Common and bank voles obviously differ from both species of mice.
On an average common voles assimilated 77.5% of energy taken, bank
voles — 83%, yellow-necked field mice — 86.1%, while stripped field
mice — not less than 88.9% (Fig. 1). These data may be accepted as
average annual coefficients of the assimilation for natural foods of
rodents under natural conditions.

2. Maintenance Costs

In estimating daily maintenance costs of animals ecologists success-
fully use the techniques of food rations. The method consists in the
determination of daily energy intake in food by animal (C) and on the
determination of metabolizable energy (A) by the detraction of ener-
getic values of faeces (F) and urine (U).

A=C—FU

With food for maintenance (Nehring, 1959; Blaxter, 1966) on
which animal does not change its body weight (production = Q) the
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metabolizable energy is utilized completely on maintenance costs in the
process of respiration.

A=R(P=0)

Therefore maintenance costs calculated from the consumed meta-
bolizable energy might be compared with the respiration measured by
oxygen consumption as so-called average daily metabolism rate —
ADMR (Gebczynski, 1966; Grodzinski, 1966; Grodzinski
& Gorecki, 1967) or as the resting metabolism rate — RMR (Gro-
dzinski, 1961; Gorecki, 1966). Both these metabolism rates
(ADMR and RMR) measured at 20° C provide basis for the construct-
ion of daily energetic budgets for rodents (Grodzinski & Go-
recki, lc). Such temperature prevails in natural nests of rodents
and is close also to the thermopreferendum of the animals (Daniel,
1964).

In some experiments rodents changed somewhat body weight (Table
7), what in many cases was coincided with the nitrogen balance (Table
6). Probably the drop in body weight resulted from the negative nitro-
gen balance. This happened in common and bank voles fed with bulky
food, also in stripped field mice on both diets, and in yellow-necked
field mice fed with acorns. A negligible drop in body weight in spite
of positive nitrogen balance was noted also in yellow-necked field
mice. In bank voles fed with mixed diet slightly negative nitrogen
balance was found, however animals did not alter body weight.

In order to calculate real costs of maintenance, there were intro-
duced corrections for any changes in body weight during the experim-
ent. These fluctuations might result from growth or decrease both in
fats and in protein, carbohydrates, mineral compounds, water, and
alimentary tract content. During spells of insufficient feeding or
starvation, or with feeding exceeding maintenance requirements, great-
est changes one can, however, note in the quantity of fat tissue (Cu m-
ming & Morrison, 1960). This is why in all calculations of maint-
enance costs, with the drop in animal weight, there has been added an
energetic equivalent for burned fat tissue at the value of 7 kcal/g,
accepted by King (1961). In the case of an increase in body weight,
on the other hand, there was detracted the cost of fat deposition, which
amount to circa 14 kcal of metabolizable energy per 1 g of deposited
fat (Kielanowski, 1965). Most often fat comprises about %; of
weight gain, the remainder falling to water and low caloric carbo-
hydrates and protein (KonopifAski, 1964; Blaxter, 1966). There-
fore, per each gram of biomass increase there were detracted 9 kcal
So calculated corrections are negligible. Added or detracted from dailj
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maintenance costs based on metabolizable energy, they mask diff-
erences formed as a result of various nutritional levels (Table 7).

In table 7 there was compiled daily energetic requirement in studied
rodents. Maintenance costs in common voles amount on average to
0.577 kcal/g/day and are contained within limits of fluctuations of
results obtained for these rodents with the aid of RMR study, carried
out also at the temperature of 20° C. Results obtained with the aid of
this method by various authors and in various seasons fluctuate from
0.405 up to 0.602 kcal/g/day (Jansky, 1959; Srairnov, 1960; M o-
kriyewich, 1966; Grodzinski, 1967, Trojan & Wojcie-
chowska, 1968).

Daily maintenance costs in voles with maintenance feeding were de-
termined on an average for four diets on 0.512 kcal/g/day (Table 7). On
the other hand results obtained from studies on oxygen consumption
fluctuate from 0.336 up to 0.618 kcal/g/day (Grodzinski, 1961;
Smirnov, 1962; Visinescu, 1965 Bashenina, 1966; Go-
recki, 1966). Daily requirement of stripped field mice was evaluated
from metabolizable energy on 0.701 kcal/g/day, while that evaluated
from oxygen consumption — on 0.517 and 0.519 kcal/g/day (Grodzin-
ski, i.e.; Smirnov, 1960). Yellow-necked field mice in metabolic
cages consumed on average 0.485 kcal/g/day of metabolizable energy.
On the other hand results for these animals obtained in respirometers
fluctuated from 0.277 to 0.507 kcal/g/day (Kalabukhov, 1953; Gro-
dzinski, 1961; Gebczynski, 1966).

Cited values of maintenance costs for small rodents calculated from
oxygen consumption characterize themselves with a very broad am-
plitude. Results based on the techniques of food rations are, as a rule,
contained within ranges of respiration determinations. Maintenance costs
for bank voles and yellow-necked field mice calculated from metaboliz-
able energy of various diets are, however, higher, when compared with
daily metabolism (ADMR). Results obtained in the course of feeding of
bank voles and mice with mixed diet are best suited for comparisons
with respiration. On mixed diets rodents changed at least their body
weights. The daily maintenance costs calculated from metabolizable
energy of mixed diet exceed results of ADMR by 11.5% for bank voles
(Gorecki, 1968), by 135% for common voles (Grodzinski, 1967),
and by 22% in mice (Gebczynski, 1966). They are very close to
values of resting metabolism RMR (differences of the order of 1—3%)
measured also at the temperature of 20°C (Grodzinski, 1961,
Gorecki, 1966). This phenomenon cannot be explained only with
cage size as suggested by Odum et al. (1962), because metabolic cages
had the area of 113 cm? (Drozdz, 1968), while metabolic chambers —
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almost 500 cm® Important moment presents the fact that both in
metabolic cages and in small cages for RMR measurements the examin-
ed rodents have no nest, while metabolic chambers for ADMR are
supplied with nesting houses. The lack of nest exposes rodents to
considerable heat losses and forces them to raising their metabolism by-
more than 17% (Pearson, 1960) or by 247% (Grodzinski,
personal communication). Besides, in small cages wild rodents are
more mobile and excited (Grodzifiski & Goérecki, 1967). Thus
divergencies in maintenance costs in rodents calculated from metaboliz-
able energy and respiration should be explained by nest effect, and to
a lesser extent by activity also. When assumed that rodents staying
singly in cages without nests raise their energetic expenses by some
20%, then w»corrected« by this value maintenance costs for bank voles,
common voles, and mice are very similar to those calculated with
ADMR techniques (Table 7). They reach then on average — in common
voles 0.462, in bank voles 0.432, in vyellow-necked field mice 0.387
kcal/g/day, while their ADMR was determined on 0.466 (Grodzin-
ski, 1967), 0.494 kcal/g/day (Gé6recki, 1968), and 0.388 kcal/g/day
(Gebczynski, 1966), respectively.

In ecological studied maintenance costs in rodents might be approach-
ed both on the way of the determination of gaseous exchange and from
the utilization of metabolizable energy. Studying the respiration is more
precise, but the techniques of food rations is more simple technically
and apart of maintenance costs enables the determination of two very
important parameters for the balance of energy flow, namely: digesti-
bility and assimilation of foods. The techniques of food rations pro-
vides also possibility for the verification of respiration measurements.
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Streszczenie

Zbadano konsumpcje naturalnych pokarmoéw, ich strawnos$¢ i poziom asymilacji,
a takze dobowe zapotrzebowanie energetyczne u czterech gatunkéw drobnych
gryzoni. Obiekt tych studiow stanowity: polniki zwyczajne, Microtus arvalis (P al-
las, 1779), nornice rude, Clethrionomys glareolus (Schreber, 1780), myszy
polne, Apodemus agrarius (Pallas, 1771) i myszy leSne, Apodemus flavicollis
(Mel chior, 1834). Ogo6tem przebadano 11 diet treSciwych, mieszanych i obje-
tosciowych, uzywajac do kazdej serii 10—15 dorostych zwierzat (tacznie 120 gry-
zoni). Doswiadczenia wykonywano w klatkach metabolicznych metodg bilansowsa,
ktéra polega na codziennym podawaniu zwierzetom znanej ilosci paszy i kolekcjo-
nowaniu catego katu i moczu. Probki pasz, katu i moczu poddano standardowej
analizie chemicznej, a ich warto$¢ kaloryczng okreslono w kalorymetrze (Ta-
bele 1, 2).

1. Wartosci kaloryczne pasz byty bardzo zréznicowane od 4.159 do 8.032 kcal/g
suchej masy bez popiotu, katu natomiast od 4.690 do 5.486 kcal/g. Wartos¢ kalo-
ryczna 1 g ptynnego moczu zamykata sie w granicach 48—331 cal. (Tabela 2).

2. Wspotczynniki strawnos$ci poszczegdlnych sktadnikéw paszy (biatka, ttuszczu
i wiokna) oscylowaty najczeSciej pomiedzy 70—90°% (Tabela 3). Wspotczynniki
strawnos$ci suchej masy przy paszach tresciwych (bukiew, zotedzie, orzechy lasko-
we, owies) osiggaty od 84,3 do 93,5%, a przy paszach mieszanych (orzechy lasko-
we i ro$liny runa) od 809 do 85,5%. Strawno$¢ suchej masy pasz objetosciowych
u nornic i polnikdw byta nizsza i wynosita $rednio 73,9% (Tabela 3).

3. Straty energetyczne w kale w stosunku do pobranej energii w pokarmie
wahaty sie od 7,1 do 22,6%, a w moczu od 0,7 do 54% w zaleznosci od diety. Po-
ziom asymilacji réznych pokarméw zamykat sie wiec w granicach od 652 do
90,9% energii pobranej z pokarmem. Przecietnie polniki asymilowaty 77,5% po-
branej energii, nornice blisko 83%, myszy lesne 86,1%, natomiast myszy polne
az 88,9% (Tabela 4, Fig. 1).

4. Nornice, polniki i myszy pobieraty dziennie w paszy od 127 do 162 kcal,
natomiast asymilowaty od 9,8 do 14,8 kcal (Tabela 5). Rozpieto$¢ taka jest funkcja
wielkosci ciata gryzoni, zalezy takze od rodzaju i wartosci kalorycznej pasz.

5. Dorosty, nie rosnacy gryzon, o ciezarze ciata 25 g pobierat dziennie w paszy
$rednio 0,06 g N, z czego wydalat w kale 0,01 g, natomiast w moczu 0,05 g N.

6. Dobowe zaopatrzenie energetyczne obliczone z zasymilowanego pokarmu
wynosito u nornic 0432 kcal/g/dobe, u polnikéw 0462 kcal/g/dobe, u myszy pol-
nych 0,561 kcal/g/dobe i u myszy lesnych 0,387 kcal/g/dobe. Wartosci te sg bardzo
zblizone do okreslonego w respiracyjnych pomiarach tzw. $redniego metabolizmu
dobowego (ADMR) (Tabela 7).



