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The subject of the study concerned estimation of usefulness of two
methods: a) specific weight, b) collective extraction — for the deter-
mination of fat contents in the organism of a large number of voles,
Microtus arvalis. It was demonstrated that the method of estimation of
fatness based on the specific weight is not suitable for the studies with
Microtus arvalis. On the other hand, the method of collective extraction,
i.e. fat extraction of groups of individuals in appropriate classes of weight
and sex provides a reliable information on the order of magnitude of
body fatness in a given population. Mathematical analysis demonstrated
that in order of determining the body fatness of a group of voles at least
20 individuals should be used for the investigations. A number of sam-
ples higher than 20 permits for even more accurate determination of fat
contents.

1. INTRODUCTION

Naumov (1953), when analysing the causes of mass occurrence of
Microtus arvalis (Pallas, 1779), suggested that among other factors
body fatness of these animals in the autumn-winter period is very im-
portant. The voles with a higher fat content are more resistant to the
effects of environment and due to this show a higher survival rate. Hence
it can be stated that fatness affects to a certain degree the numbers of
population in spring.

In order to use these data in the prognosing of population numbers of
voles the changes in the fat content in the organism of free-living voles
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should be determined in the year cycle. Then this should be correlated
with population numbers in a many-years period.

This study was aimed at finding a method enabling quick and rather
accurate estimation of fat contents in the organism of a large number
of voles.

2. MATERIAL AND METHODS

The subject of this study concerned estimation of usefulness of two methods:
a) specific weight, b) collective extraction of fat from a group of animals.

M. arvalis deriving from alfa-alfa fields was the object of the study. The
animals were captured by the method of flooding (Andrzejewski & Gli-
wicz, 1969).

The material was collected in October 1971. It derived from three differeat
localities: sample A — 82 individuals, sample B — 62 individuals, and sample C
— 29 individuals.

2.1. Method of Specific Weight

In order to determine the specific weight the bodies of voles were weighed at
first in air and then in alcohol. From the ratio of weight in air to the difference
of weight in air and alcohol the value of specific weight was calculated. Bond a-
renko & Krivonosov (1962) used water instead of alcohol in the studies of
bank vole. In the case of field voles water could not be used because the animals
did not submerge in it.

In order to control the usefulness of this method for the estimation of voles
fatness the following experiment was carried out. 26 field voles captured in a fres-
-living population in Eomna near Warszawa were kept for 10 days on the dist
consisting of green forage, sunflower seeds and water. The food was always supp-
lied in an excess. After 10 days 11 individuals showing the highest weight weze
selected, killed, and the specific weight of their bodies was determined. Then
fatness of these animals was determined by the method of extraction. The remainirg
14 voles were fasted for next 10 days being supplied with water and apple only.
Then they were treated in a manner similar to the first group. After killing,
weighing and opening the abdominal cavity the bodies were dried at 70°C to a
constant weight. The dried carcasses were ground in an electric grinder. The
powder was kept in glass vessels equipped with polished stoppers. Before the
extraction the vessel content was shaken and mixed in a mechanical device io
obtain a homogenous material. Then a sample weighing approximately 1.5 g was
removed and placed in an extraction vessel with porous bottom. The vessel was
put into an oven at 70°C for 2 hr and later transferred to a desiccator with calcium
carbonate for 30 min. The weight of the dried sample was accurately determined
and used for further calculations of fat contents in the dry matter. The extracticn
was carried out with petroleum ether by the method of Puzanov & Badun ard
Hannon & Besson (Krauze et al., 1966) for 3.5 to 4 hours from the moment of
beginning of ether boiling. This period was sufficient for the total extraction of
fat (Myrcha, 1969). Fresh ether was used for each extraction. Two samples of
dry matter from each vole were analyzed. The arithmetic mean of the determina:-
ions was assumed as fatness of a given animal.
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The mean fatness of fat animals amounted to 46.6% dry matter, and
lean animals to 26.8%. The difference in the fat contents between these
two groups is statistically significant (t = 2.59; ty0; = 2.07). For all indi-
viduals the correlation coefficient between fat contents and specific
weight was calculated (Fig. 1) and the lack of relationship between these
two values was ascertained. The coefficient of correlation (r = 0.085) is
statistically not significant. This means that the method of estimation of
fat contents on the hasis of specific weight is not suitable for the appli-
cation in the studies with M. arvalis.
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Fig. 1. Relationship between specific weight (d) and fat contents (%) a) lean, b) fat,
c) % of fat.

2.2, Method of Collective Extraction

Taking into consideration the fact that extraction of single individuals
of M. arvalis is very time-consuming and hence of limited value for the
analysis of a large material, the collective extraction was employed for
a definite group of animals. The selected animals were killed and their
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eye-lenses, thyroids, kidneys, adrenals and intestine tracts were removed
(for other investigations), while the livers remained in situ. The animals
were weighed before removal of the intestine tract. According to the
determined weight the voles were divided into weight classes at 5 g
intervals. For each group 3 extractions by Puzanov method were carried
out.

The investigated material derived from three various localities in Po-
land, which were denoted as samples A, B, and C. In sample A the
powdered dry matter from voles of appropriate weight classes was mixed
without differences of sex, whereas in samples B and C additional sub-
groups were prepared according to sex in each weight class. Sample A
was treated in such simplified manner because this was the first expe-
riment of this type in order to show whether the results of cumulative
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Fig. 2. Relationship between the error of the method and number of repeated

extractions from one individual. a) number of extractions, b) number of samples,
c) error per cent.

extraction are comparable with those of single individuals. In normal
conditions, and especially in the period of reproduction, the division into
sexes is essential. When the studied population includes pregnant females
they should be analysed separately.

Before mixing of samples in particular weight classes 1.5 g samples
from each individuals were left. This allowed to compare the results of
cumulative extraction with extraction of single individuals, for which
only one extraction was carried out.

In order to determine the error of the extraction method the fat
content in one animal was compared after one, two or three repeated
extractions. The per cent of error for a given number of samples and
given number of animals was calculated as the ratio of half confidence
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interval (at ¢ = 0.05) to the mean percentage of fat content. The results
are shown in Fig. 2, from which it appears that the error per cent for
the curve obtained from single extraction (1) begins to overlap the curve
for two extractions (2) at the number of samples equal to 16 and error
of the method equal to 13%. This range of error in our investigations is
small. Hence it arises that in our studies the results of single extraction
can be taken into consideration assuming that subsequent analysis will
include a group not smaller that 16 individuals.

Table 1

Comparison of fat contents (%) in Microtus arvalis determined by the method of
collective extraction with the mean fatness.

Sample A Sample B Sample C

WeEht 0044 0Q gd 99 o

N* CE*MF* N CE _MF N/ CE-MF N CE MF 'N CE MF

11365 b2 el 18, 21 ABWCRT 580 1T 190 1618 1818 18 | 16
16—20 17 21 21 5. 1418 -k 18 20

21—25 722 24 4 13 .15
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* N — Numbers, CE — Collective extraction, MF — Mean fatness.

Table 2

Relationship between sample size and the error of fatness estimation
in M. arvalis (sample 4 11 — 15 g).

s D
N 3 =it 2 S8
% z N % <
52 17.91 1.4982 52 17.91 1.4982
40 1858 1.8293 40 18.48 1.8314
30 18.85 2.3285 30 18.05 1.7450
20 17.11 2,3723 20 17.31 2.5108
10 17.36 3.2329 10 20.08 4.2882
5 15.45 47818 5 20.23 10.2342

* Values selected with the use of tables of random numbers.

The results obtained by the extraction of single individuals were added
up and the arithmetic mean was calculated. This provided information
on the mean fat contents in a given weight class. The arithmetic mean
was compared with the value of fatness obtained from cumulative extrac-
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tion (Table 1). By employing the method of collective extraction a con-
siderable degree of agreement between mean body fatness and the value
obtained from single extraction was obtained for samples A and C. In
order to determine the minimum number of samples the arithmetic mean
of vole fatness was calculated, as well as the confidence interval for this
mean taking consecutively 5, 10, 20, 30, 40 and 52 samples. These samples
were selected with the use of tables of random numbers from sample A
containing 52 individuals. The confidence intervals were calculated at
the level of significance ¢ = 0.05. The obtained results (Table 2) permit
to conclude that in order to determine vole fatness at least 20 samples
should be analysed. A number of samples exceeding 20 permits to deter-
mine much more accurately the fat content.

3. DISCUSSION

Small differences between the results obtained by the method of col-
lective extraction, and those from single extractions may be due to
a considerable variability of fatness obtained by single extractions, as
reflected in the mean. In sample B these differences are the most evident,
perhaps on account of a smaller number of individuals in particular
weight classes. The obtained results are encumbered with some error
since not in all cases a mixture of dry matter was prepared from more
than 20 individuals. It seems however, that for analysing a large material
the method of collective extraction can be employed, because, despite the
errors resulting from the difficulties of obtaining ideally homogenous
material, it gives a reliable information on the order of magnitude of
fatness in a given population.
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OCENA OTEUSZCZENIA MICROTUS ARVALIS (PALLAS, 1779)
METODA PROBY ZBIORCZEJ

Streszczenie

Przedmiotem pracy byla ocena przydatnoSci dwéch metod: a) ciezaru wlasciwe-
go, b) ekstrakeji zbiorczej dla okreslenia otluszczenia duzej liczby nornikéw.

W celu uzyskania ciezaru wlasciwego wazono zwierzeta najpierw w powietrzu,
a potem w alkoholu. Ze stosunku cigzaru w powietrzu do réinicy ciezaru w po-
wietrzu i alkoholu wyliczono ciezar wlasciwy. Przeprowadzono do$wiadczenie na
25 nornikach. Po zabiciu oznaczono ich cigzar wlasciwy, a potem badano ottuszcze-
nie metoda ekstrakeji. Wykazano brak zaleznoSci miedzy ciezarem wlasciwym nor-
nikow a ich otluszezeniem (Fig. 1). Wspélezynnik korelacji jest statystycznie nie-
istotny r = 0,085; 7, ¢; = 0,38. Zatem metoda ciezaru wiaSciwego nie nadaje sie do
badan nad M. arvalis.

Metoda ekstrakeji zbiorczej, tzn. ekstrakcji grup osobnikéw w odpowiednich kla-
sach cigezaru i ze zréznicowaniem na plcie, oceniano zawarto$é¢ tluszezu dla trzech
grup zwierzat: préba A — 82 osobniki, préba B — 62 osobniki, préba C — 29 osob-
nik6éw. Podzialu na klasy dokonywano w oparciu o ciezar zwierzecia zaraz po za-
biciu. Rozpietosé ciezaru w klasach wynosila 5 g.

Przed zmieszaniem proszku z nornikéw w poszczegélnych klasach ciezaru zbada-
no zawartoéé tluszezu w kazdym zwierzeciu, w oparciu o ekstrakcje pojedynczej
préobki z kazdego osobnika. Srednie ottuszczenie zwierzat w klasach ciezaru, bedace
Srednig arytmetyczng wynikéw uzyskanych z ekstrakcji pojedynczych osobnikéw,
poréwnywano z wynikami ekstrakecji zbiorczych w tych samych klasach ciezaru
(Tabela 1).

Analiza matematyczna wykazala, ze nalezy wziaé minimum 20 préb do ekstrakeji
zbiorczej, aby wynik informowal nas dobrze o zawartoici tluszezu w badanej gru-
pie nornikoéw (Tab. 2; Fig. 3).
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