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[ W i t h 2 T a b l e & 3 Figs . ] 

Studies w e r e m a d e of a popula t ion of Clethrionomys glareolus in 
a spruce fores t on Vitosha Moun ta in over a t w o - y e a r period, by m e a n s 
of the S t anda rd M i n i m u m method , m a k i n g two censuses per year 
(June, September) . Var ia t ions in n u m b e r s we re de t e rmined and changes 
in t h e popula t ion ' s age s t r u c t u r e t raced over the a n n u a l cycle. 

I. INTRODUCTION 

The International Biological Programme brought studies on the pro-
ductivity of free-living populations, particularly of populations of do-
minating species of economic importance, or playing an important role 
in the life of ecosystems, to the forefront of ecological interest. 

No studies of rodent populations have hitherto been carried out in 
Bulgaria. The present paper is the first attempt made at estimating 
density, age structure and variations in population numbers of Clethrio-
nomys glareolus, S c h r e b e r , 1780 — a species dominating in the 
higher parts of Vitosha Mountain. It has been made possible by co-ope-
ration between the Institute of Zoology, Bulgarian Academy of Sciences 
and the Institute of Ecology of the Polish Academy od Sciences on the 
problem of the »Biological productivity of terestrial ecosystems« under 
the International Biological Programme. 

2. AREA, MATERIAL, M E T H O D S 

Inves t iga t ions of a popula t ion of Clethrionomys glareolus pirinus W o l f , 1940, 
w e r e car r ied out in a t r app ing a r ea s of the »Bistrits« p a r k on Vi tosha M o u n t a i n 
wi th geographica l co-ord ina tes N 23°25' and E 42°30', a t an a l t i t ude of 1600 m 
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a b o v e sea level , w i t h a s lope of 20—30° to t h e n o r t h east , in a n associa t ion of 
Piceetum myrtillosum in w h i c h Picea excelsa L i n k p r e d o m i n a t e d , w i t h occas iona l 
o c c u r r e n c e of Pinus silvestris L. a n d Fagus silvatica L. T h e u n d e r g r o w t h cons i s t s 
of Corrylus avellana L., Rubus idaeus L., Lonicera xyloteum L., a n d lower cover of 
V a c t i n i u m myrtillus L. a n d Vaccinium vitis idaea L., a n d o the r s . T h e g r o u n d is 
d a m p in sp r ing a n d s u m m e r , d ry in a u t u m n and covered w i t h s n o w in w i n t e r . 
T h e soil is of a b r o w n fo re s t type . 

T h e S t a n d a r d M i n i m u m m e t h o d ( G r o d z i n s k i , P u c e k & R y s z k o w s k i , 
1966) accep ted fo r census ing smal l r o d e n t s w a s used. Accord ing to th i s m e t h o d 
t r a p p i n g w a s c a r r i e d out in a s q u a r e s t u d y a rea , m e a s u r i n g 240 X 240 m a n d 5.76 
h e c t a r e s in a r e a . I t w a s d iv ided in to 16 r o w s a n d 16 l ines p e r p e n d i c u l a r to e a c h 
o the r p laced a t 15 m in t e rva l s , w i t h a t o t a l n u m b e r of 256 c a p t u r e poin ts . E a c h 
census l a s t ed 10 days, d u r i n g t h e f i r s t f i ve d a y s of w h i c h oa ts a n d s u n f l o w e r seeds 
w e r e p l aced on all of t h e 256 c a p t u r e po in t s a n d a check m a d e e v e r y m o r n i n g to 
see h o w m u c h h a d been ea t en ( M a r k o v , C h r i s t o v & G e r a s i m o v , 1968). 
D u r i n g t h e fo l lowing f ive days t w o s n a p t r a p s of t h e »Hero« t y p e w e r e p laced o n 
e a c h po in t , o n e of t h e m ba i t ed w i t h ye l low cheese, t h e o the r w i t h a f r i e d wick . 

D u r i n g t h e 4 censuses m a d e ( June , S e p t e m b e r 1967, J u n e , S e m p t e m b e r 1968) a to ta l 
of 190 i n d i v i d u a l s of Clethrionomys glareolus w e r e caugh t , and a lso 180 a n i m a l s 
be long ing to 5 o t h e r species (Table 1). Weigh t , sex , d e g r e e of s e x u a l ac t iv i ty a n d 

Tab le 1 

Lis t of species c augh t d u r i n g the censuses . 

Spec i e s June , 1967 Sept . 1967 J u n e , 1968 S e p t . 1968 

Rodentia 
Clethrionomys glareolus 59 66 28 37 
Apodemus flavicollis 16 5 22 4 
Pitymys subterraneus 1 6 3 8 
Glis glis 1 

Insectivora 
Sorex araneus 4 46 10 53 
Sorex minutus 1 

age w e r e d e f i n e d for each i nd iv idua l of C. glareolus caugh t , t h e n t h e a n i m a l s w e r e 
s to r ed in 70% alcohol . In o rde r to d e t e r m i n e t h e an ima l s ' age t h e l e f t Mx w a s e x -
t r a c t e d in a c c o r d a n c e w i t h t h e m e t h o d desc r ibed by P u c e k & Z e j d a (1968), 
s t eep ing t h e j a w s in 5—6% NaHCC>3 so lu t ion a n d t h e n boi l ing t h e m f o r 2 h o u r s to 
f a c i l i t a t e e x t r a c t i o n w i t h tweezers . 

T h e age of i nd iv idua l s of C. glareolus w a s d e t e r m i n e d on t h e bas i s of m e a s u r e -
m e n t s of t h e a v e r a g e l eng th of the ora l and a b o r a l roo t of M v m a d e by m e a n s of 
b i n o c u l a r M B C - 2 o c u l a r - m i c r o m e t e r (magn . 2X) . The a v e r a g e m o n t h l y g r o w t h of 
a roo t w a s accep ted as 0.15 m m a f t e r Z e j d a (1961) a n d P u c e k & Z e j d a (1968). 

3. V A R I A T I O N S IN N U M B E R S , T A K I N G I N T O C O N S I D E R A T I O N 
T H E A G E S T R U C T U R E O F I N D I V I D U A L S 

Analysis of the material in the authors' possesion showed that a num-
ber of additional calculations, with several assumptions, would have to 
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be made in order to trace and discuss variations in numbers of the study-
population over the yearly cycle, particularly with respect to dynamics 
of different age classes. It was first of all necessary to: (1) estimate po-
pulation numbers at the census times by the statistical method, since 
trapping by the Standard Minimum method used was far from intensive, 
especially in autumn; (2) estimate the population numbers in spring, 
during the period of lowest standing crop; (3) estimate the numbers of 
individuals belonging to the youngest age class in spring, as the class was 
poorly represented in spring captures. 

3.1. Popula t ion N u m b e r s at Census T imes 

The simplest way of estimating population numbers on the basis of 
results obtained by the trapping method, and thus by the Standard Mini-
mum method, is to make use of straight regression (H a y n e, 1949), but 
this method can only be used when a constant probability of individuals 
being caught is assumed throughout the whole trapping period. In the 
present material trapping results on different days indicated a slight 
tendency to decrease. The method of truncated distributions (J a n i o n, 
R y s z k o w s k i & W i e r z b o w s k a , 1968), was therefore taken as 
a basis, which consideres the probability of an individual's capture vary-
ing from day to day. The number of individuals in the study area was 
estimated by means of the equation 

l—qK 

where N — numbers to be found, N1>K — total individuals caught during 
K trapping days, q = 1—p, where p — probability of capture of an in-
dividual, K — days of trapping. 

The results of all 5 days of trapping were taken for calculation in the 
spring sample of 1967, and spring and autumn 1968, but the result of 
the 5th day was rejected for the autumn sample 1967 as over-estimated, 
due to the intensive entry of Individuals from neighbouring areas (Fig. 
1). From the states of population numbers calculated by this method 
during the various censuses only the numbers from the autumn cen-
suses were considered as reliable, since when analysing the age structure 
of individuals (see below) it was found that young individuals are poorly 
represented in material from spring censuses. 

3.2. Population Numbers at the Start of the Reproduction Season 

In order to obtain a picture of variations in population numbers over 
a period of two years it was necessary to estimate the standing crop of 
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old adults at the start of the reproduction season when the population 
is low. April 1 was taken, after S t e f a n o v & V a s i l e v (1963), as the 
start of this period. Numbers of individuals on 1 April 1967 were esti-
mated by extrapolating backwards variations in numbers of old adults 
from June to September 1967, obtaining the estimated figure of 43 in-
dividuals for this date. 

Population numbers on 1 April 1968 were found by interpolating in 
a straight line the numbers for September 1967 and June 1968, obtaining 
a figure of 53 individuals. For 1 April 1969 the number of old adults (32) 
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Fig. 1. Es t imat ion of t he n u m b e r of ind iv idua ls p re sen t in the a rea . 

was estimated from the autumn numbers in 1968, assuming that mor-
tality in the winter of 1968/1969 was the same as in the preceding year. 
This same mortality was also assumed for estimating the numbers of 
individuals in the spring cohort (K^) during the June census. 

3.3. Variations of Numbers in Cohorts 

Definition of the age of individuals on the basis of growth of the roots 
of Mi permitted distinguishing the following age groups among the in-
dividuals caught in successive censuses: below 3 months old, 3—5 
months, 6—8, 9—11, 12—14 and over 14 months old. Using the percent-
age of individuals in each age class in material obtained by trapping as 
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a basis, the numbers in these classes were defined in an estimated 
standing crop of the population (Table 2). 

In June Ki individuals born between the start of the reproduction 
season and the June census belong to the first age group (under 3 months 
old) ( M a r k o v , B u j a l s k a & C h r i s t o v , 1972). These individuals 
from the second group in September (3—5 months old), and in the 
following spring belong to the oldest group (over 14 months old). In-
dividuals born between spring and autumn censuses, forming cohort K2 

belong to the youngest group in September and in spring of the follow-
ing year to the fifth group (from 12—14 months old). Finally, individuals 
in the last cohort, K3 born between the end of the reproduction season, 
are not recorded during the year of their birth by the method used, and 
in spring of the following year they form the youngest group of over-
wintered animals (9—11 months old). 

It is clear from material organized in this way (Table 2) that young 
individuals are poorly represented in the spring trappings. Fewer young 

Table 2 
Age s t r u c t u r e of t he popula t ion dur ing the censuses. 

Censuses 
< 3 

Age, mon ths 
< 3 3-5 6-8 9-11 12-14 14 

J u n e , 1967 39+26* 8 13 3 
Sept. , 1967 40 45 — — 3 2 
J u n e , 1968 16+15* — — 2 25 1 
Sept., 1968 45 14 — — 3 2 

* Es t ima t ing n u m b e r s on the basis of census resu l t s u n d e r e s t i m a t e d 
the ac tua l n u m b e r s and r equ i r ed addi t ional calculat ion. 

individuals were caught in spring 1967 than in autumn (then belonging 
to the second age group). This is confirmed by the number of individuals 
actually born in the same population in spring as estimeted by M a r -
k o v et al. (1972). If the number of young obtained from S.M. methods 
were taken as reliable in spring, then mortality among these individuals 
from birth to first capture would be improbably high. Underestimation 
of the numbers of young based on the spring census is probably due to 
the fact that the young animals have less chance of being caught owing 
to the strong pressure exerted by old adults ( G l i w i c z , 1970). 

In order to define variations in population numbers, the number of 
young animals in spring was calculated from data on mortality, and the 
result indicates that numbers of the whole population are higher in 
spring than estimations based on trapping. 
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3.4. Viability of Cohorts 

In order to illustrate cohort survival, the number born in each cohort 
and their mean birth dates ( M a r k o v et al., 1967) as well as mortality 
characters devised by G 1 i w i c z et al. (1968), were utilized (Fig. 2). An 
estimate of the viability of K3 individuals (not recorded during the year 
of their birth) was made on the basis of these data. Mortality of these 
animals from birth to day 21 was taken as equal to mortality among K2 

Fig. 2. Surv iva l of ind iv idua ls in d i f f e r e n t cohorts . 

individuals. The number of individuals in each cohort was also estimated 
on day 21 this being assumed first day of independence from the nest. 

On the basis of survival data of different cohorts from day 21 to the 
end of the study, a diagram was obtained of variations in numbers of 
this independently existing part of the population (Fig. 3). Those voles 
which were trappable but had not survived until census time and thus 
never caught are distinguishable on the diagram. 
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The course taken by variations in numbers shows that the two study 
seasons differed slightly. The initial standing crop of the population in 
April 1967 and 1968 was similar, as was also the number of individuals 
born in the spring of both years, but, probably, due to the colder spring 
of 1968, mortality of young was higher during this period. Hence the 
spring cohort was represented by fewer numbers in the trappable part 
of the population. This in turn reduced the number born in subsequent 

1 — According to the corrected S t a n d a r d Min imum, 2 — Ind iv idua l s aged 21 days 
a n d not caught . 

periods, since females of the spring cohort play a decisive role in the 
population, being intensively reproductive ( P e t r u s e w i c z , B u j a l -
s k a , A n d r z e j e w s k i & G l i w i c z, 1971). In effect, population 
numbers in 1968 were lower than in 1967. 

4. DISCUSSION 

Under the conditions prevailing in a spruce forest on Vitosha Mount-
ain, the Standard Minimum method used did not permit, due to poor 
trappability of the animals, accurately tracing variations in numbers of 
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the study population on the basis of empirical data alone. The greatest 
difficulty was encountered in estimating the numbers of young indivi-
duals during the spring census and this made further assumptions ne-
cessary. 

The estimated density of these voles varied during the study years 
from 7 and 9 individuals per hectare during early spring to 22 and 29  
individuals during the autumn peak of abundance. 

The part played in the population by individuals born at different 
periods of the yearly cycle would appear to vary. The spring cohort 
(together with overwintered animals) intensively participates in repro-
duction of the population, as is shown by the relation between the 
numbers of adult individuals from Kt and the number of individuals 
born during the later period when the two years are compared. K2 voles, 
however, survive the winter period best and form the core of the over-
wintered population the next spring. K3 consist of few individuals in 
both years, and practically fails to survive the winter. Similar characte-
ristics of the various cohorts were obtained by G l i w i c z et al. (1968)  
for the island population of C. glareolus in Poland. 

Acknowledgements: The a u t h o r s a re indebted to Dr. G. L. D r y d e n for r ev i s -
ing the Engl i sh text . 
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Georgi j MARKOV, Lubomir CHRISTOV i Joanna GLIWICZ 

POPULACJA CLETHRIONOMYS GLAREOLUS PIRINUS  
W LESIE ŚWIERKOWYM MASYWU WITOSZA W BUŁGARII 
I. DYNAMIKA LICZEBNOŚCI I STRUKTURA WIEKOWA 

Streszczenie 

W latach 1967—1968 badano populację Clethrionomys glareolus zamieszkującą 
las świerkowy na Witoszy. Badania prowadzono dwa razy do roku metodą S t a n -
dard Minimum. Na podstawie wyników wyłowu (Tabela 1) oszacowano metodą roz-
kładów uciętych ( J a n i o n , R y s z k o w s k i i W i e r z b o w s k a , 1968), liczeb-
ność populacj i w badanych okresach (Rye. 1). Wiek złowionych osobników okre-
ślono przez pomiary długości korzenia Mi ( P u c e k i Z e j d a , 1968). Analiza roz-
kładu wiekowego osobników (Tabela 2) wykazała, że wyniki cenzusów wiosennych 
zaniżały liczebność populacji źle r e j e s t ru j ąc osobniki młode. W konsekwencj i li-
czebność populacj i oszacowana na podstawie wyników wyłowu wiosennego wy-
magała skorygowania. 

Przeanal izowano przeżywalność osobników należących do poszczególnych kohort 
t j . urodzonych w różnych okresach cyklu rocznego, opiera jąc się na oszacowanej 
przez M a r k o v a, B u j a l s k ą i C h r i s t o v a (1972) liczbie osobników urodzo-
nych oraz tempie ich ubywania pomiędzy kole jnymi cenzusami (Ryc. 2). 

Prześledzono dynamikę liczebności łownej części badane j populacj i w okresie 
2 lat (Ryc. 3). J e j przebieg w obu latach był nieco inny. 

Acta ther io l . 22 


