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E xam ination  was m ade of variab ility  in body and skull dim ensions 
in a population of the root vole Microtus oeconomus (Pallas, 1776) 
living in a drained  sphagnum  bog in  the Augustów Forest (eastern 
Poland). A nalysis was m ade of m ateria l consisting of 2424 individuals 
caught over an  9-year period (1966—1974), tak ing  into consideration 
sex dim orphism , differences in seasonal generations and rela tion  to 
dynam ics of population num bers. The study population was subject to 
considerable pressure from  the changing hab itat (growth of tree 
p lan tations) and its num bers decreased in successive years. Sex 
dim orphism  is p a rticu la rly  distinct in old adults, body and skull 
dim ensions of m ales being significantly  g rea ter than  those of females. 
D ifferences in these dim ensions in young anim als are seasonal in 
character. Fem ales of the spring generation  grow more rapidly and 
a tta in  g rea ter dim ensions than  males, w hereas it is the la tte r  which 
have g rea ter body dim ensions in the au tum n generation. Reduction 
in m ean values was found in successive years and in the ranges of 
varia tion  in body and skull m easurem ents observed, but this was 
sta tistica lly  significant only in the case of body length and weight. 
V ariations in body dim ensions w ere not correlated w ith varia tions 
in the  num bers of voles.

[Dep. Comp. A nat. & A nim al Ecol., Univ. of Łódź, Banacha 12/16,
90-237 (present address), and  M am m als Res. Inst., Polish Acad. Sci.,
17-230 Białowieża, Poland]

I. INTRODUCTION

In studies on variability in .mammals it is possible to distinguish two 
classic trends in biology: the first, the purpose of which is to present 
the fact itself and describe variability; the second is genetic and 
populational in aspect, as the expression of adaptation 'to the habitat 
( S c h w a r z ,  1969; Y a b l o k o v ,  1966; M a y  r, 1974).

One of 'the manifestations of intrapopulation heterogeneity about 
which considerable information has been obtained is morphological 
variability. This applies ibofh to qualitative and quantitative 
characteristics (see Y a b l o k o v ,  1966). Analysis of morphological 
characteristics, as additional to their classical application in systematics,
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is widely used in studies on the structure »and function of a species 
and in analysis of evolutionary transformations ( F a l c o n e r ,  1964; 
S c h w a r z ,  1969; P e t r u s e  w i c z ,  1966; Y a b - l o k o v ,  1966). It 
must, however, he remembered that variability takes place in a wide 
variety  of forms, each of which plays a specific role in the liife of 
a population or species as a iwhole ( S c h w a r z ,  1969).

Studies were made of a population of the root vole Microtus oecanomus 
(Pallas, 1776) isolated by a habitat untypical of this species, since the 
animals lived in a sphagnum bog in the Augustów Forest. Draining 
and other land reclamation operations carried out in 1962 in this area 
and the introduction of forest plantation accelerated the process of 
vegetation changes ( B u c h a l c z y k  & P u c e k ,  1968). In this way 
a model situation was created, enabling us to trace the course taken 
by a population subject to pressure of habitat conditions caused by 
application of cultivation operations.

In order to explain the functional significance of variability in the 
population of this species, the degree to which knowledge has been 
obtained of its ecology and biology is of great importance. In previous 
studies on this population B u c h a l c z y k  & P u c e k  (1968) analysed 
variations in density and trapping preference; G ę b c z y ń i s k a  ¡(1970) 
estim ated bioenergetic indexes and food relations, and calculated the 
energy] flow through a population in relation to net production of 
a sphagnum bog. B u c h a l c z y k  et al. (1970) estimated 'the damage 
done in forest plantations. G ę b c z y ń s k a  & G ę b c z y ń s k i  (1971) 
analysed variations in length and weight of the alim entary tract. The 
course taken by succession of small mammals on a drained bog has 
formed the subject of a separate study ( B u c h a l c z y k  & P u c e k ,  
1978).

The purpose of this paper is to carry out an analysis, from .many 
aspects, of variability in metric param eters of a population subjected 
to the pressure brought about by specific effect of a number of factors: 
habitat, intrapopulation and competitive. No specialized studies aimed 
a t determining the effects of each of the above factors on values of 
param eters were made during the period m aterial was being collected, 
and therefore they have been treated jointly. The visible effect of their 
action was 'the constant tendency to  reduction in the population numbers 
of the root vole in the study area ( B u c h a l c z y k  & P u c e k ,  in 
prep.). The second task was to discover the range of variability in 
basic param eters within the age classes 'distinguished and to examine 
sex dimorphism and seasonal variability. Questions of grow th rate and 
correlation structure of the skull will form  the subjects of separate 
papers. •
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2. M A TER IA L AND METHODS

2.1. Study Area

The study area  was s ituated  in the »Biele« d ra in ed  sphagnum  bog s itu a ted  in 
the Augustów  F orest (53°22' N and 23°22' E).

The to ta l bog area was 34 ha and was su rrounded  on all sides by  ta ll tree
stands. In 1962 the bog was d rained  and an area of 16 h a  situated  in  the  cen tre  
was fenced in and p lan ted  w ith trees. In 1963 young deciduous and coniferous 
trees w ere p lanted  in belts varying in w id th  from  8 to 20 m. In the m ajo rity  of 
cases the belts w ere  20 m wide, p lanted w ith  only one o r a sm all num ber of 
species in d iffe ren t num erical com binations. The p lan tations consisted of the
following species of deciduous trees: b irch , alder, maple, ash, poplar, oak and
osiers, and coniferous trees: pine, spruce. .

As the trees grew the m icroclim atic conditions, shade, etc. a ltered , causing 
m eadow  plan ts to  d isappear and the percen tage of fo rest species to  increase. 
The list given by G ę b c z y ń s k a  (1970) of species dom inating  among h e rb  layer 
p lan ts reveals the wide varie ty  of species and the  transitiona l ch arac ter of the 
p lan t associations form ed.

A detailed  descrip tion  of the area is to be found in  papers by B u c h a l -  
c z y k  & P u c e k  (1968); G ę b c z y ń s k a  (1969, 1970).

2.2. Material

The m ateria l for the p resen t s tu d y  was m ade available by  the  M am m als 
Research In stitu te  a t Białowieża and was ob ta ined  from  trapp ing  operations 
carried  out from  1966—1794 in the »Biele« experim en tal area.

Anim als ob ta ined  during  th e  period from  1966 to 1967 orig inated  from  q u an tita tiv e  
trapp ing  based on the S tandard  M inim um  m ethod (SM), and  a detailed  analysis 
of the results ob ta ined  has been m ade by B u c h a l c z y k  & P u c e k  (1968). 
In  1968 m am m als w ere caught by  using p itfa lls  ¡placed in d iffe ren t cu ltiva ted  
areas in 5—8 lines of 20 p itfa lls  each, se t every  10 m in each line. From  1969 to 
1974 trapping of these mam m als was ca rried  out along 8 perm anen t lines, 20 p it
falls being placed every 10 m  along the lines.

The mam m als caught w ere m easured, weighed and conserved by the s tandard  
m ethod ( P u c e k ,  1964). Individuals w ith  undam aged skulls w ere  chosen from  
the fixed m ateria l fo r fu rth e r  studies. W hen th e  series caught during trapp ing  
from  1966—67 w ere very  num erous, from  50 to 75% of the to ta l num ber of 
m am m als caught in each series were chosen a t random , while alm ost all ind iv iduals 
w ere taken  from  less num erous series (Table 1).

Skulls w ere prepared  from  the anim als chosen, f irs t rem oving the eyeballs in 
o rd er  to determ ine age. The eyeballs w ere placed in 10% form alin  solution (1:9). 
Lens w ere p repared  from  the eyeballs a f te r  a lapse of a t least two weeks, then  
w ashed twice in distilled w ater, dried in a d rie r  a t 80°C for 48 hours. Both lenses 
were weighed together on a torsión balance w ith  accuracy to 0.05 mg.

A to tal of 2424 undam aged skulls w ere taken  for cran iom etric  exam ination  
(Table 1), m aking linear m easurem ents on them .
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Table 1

Com parison of trapping dates and effectiveness of rem ovals of Microtus oeconomus  
and am ount of m ateria l used for b iom etric analysis.
SM — rem ovals by the  S tandard  M inim um  m ethod.

T rapping periods
No.

trapn igh ts
Total

caught
B iom etrically 

analysed 
n  %

1966
23.05—26.05 SMI 4096 324 196 52
20.07—27.07 SM2 8192 888 246 28
17.08—24.08 95 49 52

9M4
4.10— 13.10 SM3

271 I
3631 380 60

30.11— 3.12 107 97 91
S ubto tal 2048 941 46

1967
6.05.—>12.05 .159 133 84

27.06— 1.07 SM5 3840 570 259 45
23.09—28.09 SM6 4608 393 135 34

S ubto tal 1122 527 47

1968
8.05^-12.05 550 142 134 94

18.07— 3.08 2720 163 133 81
5.10—12.10 SM7 6144 246 94 38
S ubto ta l 551 361 65

1969
10.06—14.06 800 72 57 79
15.07—19.07 800 88 78 88

3.09— 8.09 960 64 57 89
11.11—15.11 800 55 44 80

S ubto tal 279 236 85

1970
5.05— 8.05 640 30 27 90

18.07—23.07 960 141 120 85
29.09— 3.10 800 91 79 87

1971—74
Spring 43 38 88
Sum m er 57 52 9'1
A utum n 54 44 81

S ub to ta l 154 134 87

Total 4416 2424 55

2.3. Characteristics of Age Classes

The m ethod of determ ining the age of voles on the basis of dry lens weight 
is w idely considered as the most convenient. M a r t i n e t  (1966) found a high 
degree of correlation  betw een age and d ry  lens w eight for Microtus arvalis, 
as did G o r l e y  & J a n n e t t  (1975) for Microtus montanus and M. pinetorum. 
A s k a n e r  & H a n s s o n  (1967) considered it as more re liab le  than  m easurem ent 
of the prism atic parts of M r for the genus Clethrionomys.  This m ethod gives good 
resu lts, bu t makes stric tly  standard ized  conditions for conserving and preparing 
lens essential ( M o r r i s ,  1972; P u c e k  & L o w e ,  1975).
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I t proved possible to take the dry lens w eight as one of criteria  for determ ining 
age since: the jo in t 24-hour period of p re lim inary  conservation of all anim als 
in 4°/o form ol solution quickly penetra tes and fixes anim al tissues w ell; in 
the  second plape all the lenses w ere prepared  again the s tandard  way. D uring 
the final p repara tion  process a few  lenses flaked  and these w ere elim inated  from  
the  study.

The dry lens w eight itself could not form  the  only index in the p resen t study 
for two reasons: the  dry lens w eight was know n for about 85% of the individuals, 
and  in the second place no model was availab le  to enable increase in lens w eight 
to  be re la ted  to  age. On this account, by m eans of indirect analysis of p art of the 
m ateria l, it proved possible to determ ine age classes and ranges of lens w eight 
sim ultaneously, tak ing  trapp ing  dates into consideration. For this purpose correla tion  
diagram s w ere draw n up betw een  condylobasal length and dry lens w eight for 
d iffe ren t trapp ing  tim es in 1966 and 1967. This made it possible to divide the  
m ateria l into 5 groups and  to trace  the ir du ration  in the population. Thus having 
a t our disposal data on length  of the reproduction  period and duration  of gestation  
( G q b c z y n s k a  & B u c h a l c z y k ,  1969; P  u c e k, in prep.), and  skulls of 
ind ividuals kept in captiv ity , it proved possible to establish  the re la tive  age of 
the age classes distinguished.

Age class I — juvenis.  This included anim als w ith lens w eight up to 2 mg 
(exceptionally to  2.15 mg) and Cb length up to  21.5 mm (exceptionally large 
individuals of up to 22.5 mm w ere occasionally found). The skull is rounded, 
w ithout thickenings, w ith  a strongly convex outline, the rostra l p a rt short, the  
zygomatic arch  a t m ost slightly  broader th an  b raincase breadth . The clearly  visible 
su tu re  betw een the b asila r p art o f the occipital and the la te ra l p art and  the 
fron ta l su tu re  is visible along 2/3 of its length. M3 in the m axilla and m a n d ib le ' 
are  not fully grow n and the  enam el loop was not closed on the rem ain ing  
m olars. R elative age up to one m onth.

Age class II — subadultus.  A nim als w ith  lens w eight from  2.10 (sporadically 
from  1.80) to 3.10 mg, Cb length 21.5—24 mm (exceptionally to 24.3 mm). Bone 
lam inae appear on the fron ta l bones w hich form  a sm all ring on the in te ro rb ita l 
crest w ith a wide and shallow  sulcus in  the in te ro rb ita l part. R elative age from  
one m onth to  six weeks.

Age class III — adultus I. This class included anim als w ith lens w eight from  
3.10 to 3.80 mg and in the la te  au tum n ind ividuals w ith  lens w eight of up to 
4.40 mg, w ith  Cb length 24.0<—126.0 mm. The skulls have clearly  form ed bone 
lam inae on the  fron ta l bones. The bony ridges of the in te ro rb ita l crest approach 
each other. The bony crest betw een the m astoid bone and the squam ous p a rt of 
the tem poral bone is well form ed. The occipitosphenoid su ture can still be seen 
at the  base of the skull. R elative age from  six weeks to th ree  m onths.

Age class IV — adultus II. A nim als w ith  lens w eight of 3.90 to 5.00 mg, Cb 
length  26—27.«5 mm (exceptionally to 27.9 mm) w ere allocated to  th is class. The 
sku ll has well form ed lam inae and bony crest. The crest of the m astoid  bone 
connects w ith  th e  crest on the lam bdoid su ture, form ing an un in te rru p ted  nuchal 
crest. The occipito-sphenoid su tu re  -disappears. R elative age from  four to  seven 
months.

Age class V — senex. This class is form ed alm ost exclusively by ind iv iduals 
caught in the second calendar y ear and sporadically  by individuals in  th e  firs t 
y ea r of life caught in  the late au tum n (October, November). The lens w eight of 
individuals in this ¿lass varied  from  4.60 to 7.90 mg, Cb length 26—30.0 mm.
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The skull has a straigh t profile w ith  strongly developed zygom atic arches and 
rostra l part. The in te ro rb ita l crest is clearly form ed throughout its length. R elative 
age over seven months. *

In ea rlier studies of M. oeconomus  the first age class included individuals of 
up to even th ree  and a half m onths ( K r a t o c h v i l  & R o s i e k  y, 1955; W a 
s i l e w s k i ,  1956b), and consequently this class is w idely varied  and includes 
both »nest« and  sexually m ature individuals. Data on grow th ra te  (S c h w a r z 
et al., 1964; K a r a s e e v a  et al., 1957) show th a t the most rap id  grow th changes 
in the body and  skull take place during 3—4 m onths for the spring generation 
and  1—2 m onths for the au tum n generation. If a wide range of age is accepted 
for age class I th e  actual growth changes are  effaced.

Intensive rem ovals by m eans of the S tandard  M inimum m ethod resu lted  in 
relatively  large num bers of »nest« individuals being caught, and  consequently 
it proved possible to describe th is  age group biom etrically  and to obtain fu ller 
data for analysis of changes in d iffe ren t dimensions during postnatal developm ent. 
The division into five age classes used in this study is thus an enlargem ent of 
the youngest age class.

2.4. Comparison of Measurements and Indexes

Five basic m easurem ents w ere m ade on the m am m als caubht: head and body, 
tail, hind foot, ear length and body w eight determ ined w ith accuracy to 0.1 g. 
In addition the dry lens w eight was also available.

Ten linear m easurem ents w ere m ade on the skulls (Fig. 1), m aking use of the 
studies by W a s i l e w s k i  (195b), P u c e k  (1964) and R u p r e c h t  (1974) w hen 
choosing w hich m easurem ents to m ake. M easurem ents w ere m ade w ith a nonius 
slide ru le w ith scale up to 0.1 mm in the sagittal plane.

M easurem ents are  given below; abbreviations are used throughout in the tex t:
1. Condylobasal length (CbL)
2. B rain-case length (after G u l d  & K r e e g e r ,  1948) (BcL)
3. D iastem a length (DL)
4. M axillary  tooth-row  length (M xTRL)
5. M andibular length  (MdL)
6. B rain-case b read th  (BcB)
7. Zygom atic b read th  (ZyB)
8. In te ro rb ita l constriction (IC)
9. R ostrum  b read th  (RB)

10. B rain-case height betw een bullae (BcH)

On the basis of the values ob ta ined  for skull m easurem ents calculation was
m ade of 7 quotien t indexes:

1. (B rain-case length X 100): Cb length
2. (Diastema length X 100): Cb length
3. (B rain-case b read th  X 100): Cb length
4. (Zygomatic b read th  X 100): Cb length ’
5. (In tero rb ita l constriction X 100): Cb lerigth
6. (B rain-case height X 100): Cb length
7. (Double height of brain-case): (Cb length +  brain-case breadth) — (After

H rdlićka-K oćka, from  P u c e k ,  1968)
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Fig. l. D etails of skull m easurem ents in the root vole.
1 — Cb length  (CbL), 2 — B rain-case length (BcL), 3 — Diastem a length (DL), 
4 — M axillary  tooth-row  length (MxTRL),  5 — M andibular length (MdL), 6 — 
B rain-case b read th  (BcB), 7 — Zygom atic b read th  (ZyB), 8 — In tero rb ita l 
constriction  (IC), 9 — Rostrum  b read th  (RB), 10 — B rain-case height (BcH)

2.5. Procedure for Processing Data

In o rd er to describe the d iffe ren t sam ples in age classes and trapp ing  periods 
for d ifferent body and  skull m easurem ents, ranges of variab ility  w ere given 
(min. — max.) and the basic sta tistica l param eters calculated: m ean (X), standard  
deviation  (SD) and  coefficient of varia tion  (CV). The m ateria l from  1971—1974 
w as com bined for sta tistica l calculations on account of the sm all num bers in 
sam ples.

In  order to define variab ility  in the study population analysis was m ade of 
percentage d istribu tions of body w eight (for m ales only), body length, dry lens 
w eight and condylobasal length, diastem a length, brain-case breadth , brain-case 
height in d iffe ren t trapping  seasons and successive study years for the  groups
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distinguished. I t  is m ore convenient to replace single-peak d istribu tion  diagram s 
by figures defining the  curve asym m etry  and grouping of values of the  variab le  
round the  a rithm etica l m ean. For this purpose it was necessary to use cen tral 
m om ents of value d istributions expressed in units of standard  deviation: th ird , 
the so-called rela tive skewness m easure (S), fourth , so-called kurtosis  (K) 
( K r z y s z t o f i a k  & U r b a n e k ,  1975).

In  order to give a fu lle r description of distributions, positional m eans were 
also given: m edian (Me), mode (Mo). In  addition exam ination  was m ade of
varia tions in m ean values of some body and skull param eters of ind iv iduals born 
in the given year and for old adults. Significance of differences betw een the 
m eans for d ifferen t dim ensions w ere checked by the t-S tuden t test, tak ing  only 
one significance level P=0.05. W hen analysing dim orphic differences, use was 
m ade of the variance analysis and significance of differences was checked w ith 
two significance levels P =  0.05 and P =  0.01.

In  order to see w hether varia tions in body dim ensions are cyclic in character 
use was m ade of the m ethod proposed by K r e b s  (1964b). C alculation was 
m ade of the coefficient for regression equation betw een two param eters:
body length (L) and Cb. length, and then  m ean deviation  from  the line of 
regression was calculated for young individuals and old adults in th ree  growing
seasons in successive years by means of the equation:

w here: '
D — deviation from  regression 
Y — anticipated  value of deviation Y 

YQ — observed value Y for (a, b...n)
X Q — observed value X for (a, b...n) 

y, x  — means
b — angle coefficient of straig th line regression
All calculations w ere m ade in the  C om puter C entre of the  In stitu te  of 

M athem atics of Łódź U niversity on an O dra 1305 com puter.

A

w here: n2, 3, 4= successive m om ents of d istributions.

2 (x—x) K

Y = y  + b ( X 0- x )
D = Y - Yo

3. RESULTS

3.1. Sex Dimorphism in Body and Skull Measurements

Sex dimorphism is manifested .more clearly as the animals age. 
Generally speaking males are larger 'than females. In the first age class
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differences between means are not statistically significant. In further 
age classes the number of statistically significant differences in 
measurements gradually increases from 9 in class II to 16 (out of 23 
analyzed) in class V (Table 2); males attaining greater dimensions in 
classes III and V, and females in class IV.

Two of the linear parameters: hind foot and interoirbital constriction 
during postnatal development (from age class II to V) are greater in

Table 2

Com parison of sta tistica lly  significant differences betw een 
fem ales and males in the  age classes distinguished

M easurem ent
I II

Age group 
III IV V

Body m easurem ents
Body length 4- +  + +
Tail length +  +
Hind foot 4-4- 4- 4- +  + +  +
Ear +  +
Body weight +  + + +  +
Skull m easurem ents *
CbL 4- +  +
BcL . 4- +  +
DL 4-4- + +  +
M xT R L
MdL +  + +'
BcB +  + +  +
ZyB +  + +  +
1C +  + +  + +  4-
RB +  + 4-4-
BcH + +  + 4-4-
Eye lens w eight
Q uotient Indices

1. (BcL X 100) : CbL + +  + 4- +
2. (D LX 100) : CbL + +  +
3. (BcB X 100) : CbL + +
4. (ZpBXlOO) : CbL 4- +  + +  + 4-
5. (ICX 100): CbL + + +  +  -
6. (BcH X 100): CbL 4- +  + +  4-
7. (2XZyB) : (C bL + B cB ) +  4- +  +

4- Differences statistica lly  significant at p =  0.05 
4-4- Difference sta tistica lly  significant at p=0.01 

* For explanation  of symbols see page 160

males and highly statistically significant (P 0.01) (Table 2). On the 
other hand, with increasing age the number of significant differences 
in mean values of skull indexes decreases from 6 in age class II to 2 
in class V.
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Table 3

Percentage increased in body and  skull dim ensions and 
in  cran ial indexes in  M. oeconomus  in d iffe ren t age classes, 

for m ales <M) and  fem ales (F)
M ean values for age class I w ere taken  as 100*/a.

M easurem ent II III IV V

Body m easurem ents
Body length M 18.0 30.5 45.8 59.6

F 16.9 31.8 51.4 56.5
Tail length M 18.6 30.7 51.9 61.3

F 20.9 34.9 62.9 66.8
H ind foot M 8.9 11.9 14.6 11.6

F 6.5 10.6 12.5 9.8
Ear M 20.2 27.8 35.5 42.9

F 20.9 28.8 38.3 39.8
Body weight M 55.3 92.6 200.0 296.4

F 57.5 103.1 226.4 261.3
Skull m easurem ents

CbL M ■10.5 20.5 29.2 35.1
F 11.2 20.4 29.9 32.3

BcL M 9.7 19.3 25.8 31.3
F .10,2 18.6 26.5 28.6

DL M 11.7 23.3 33.1 40.7
F 12.6 22.9 35.0 38.4

M xT R L M 7.7 1 3 j 1 16.7 19.3
F 7.5 12.8 17.1 19.3

MdL M 7.4 il4.4 20.0 25.2
F 7.9 15.1 22.1 25.2

BcB M 7.0 13.4 18.0 21.7
F 6.9 12.8 18.4 21.5

ZyB M 7.9 15.3 24.5 33.3
F 7.6 15.4 26.5 30.5

1C M 2.4 5.0 6.5 6.2
F 3.0 4.8 6.0 4.5

RB M 5.3 9.5 il8.4 24.8
F 4.1 9,2 17.7 18.9

BcH M 2.9 4.0 6.7 10.1
F 2.7 3.8 6.7 7 .7

Eye lens weight M 45.7 125.0 161.0 238.4

Q uotient Indices
F 52.9 134.2 172.2 261.3

1. (BcLX 100) : CbL M -1 .1 -2 .1 -2 .7 -3 .4
F -0 .9 -1 .5 -2 .3 -3 .0

2. (D LX 100) : CbL M 1.2 2.3 3.1 4.2
F .1.0 .1.8 3.7 4.3

3. (BcB X 100): CbL M -3 .2 —6.0 -8 .4 -10 .0
F -4 .0 -6 .5 -8 .4 -9 .9

4. (ZyB X 100) : CbL M -2 .4 -4 .3 -3 .4 —1.5
F -3 .3 -4 .3 -2 .7 -1 .4

5. (ZCX100) : CbL M -7 .4 -12 .8 -17 .3 — 21.5
F -7 .7 -13.1 -18 .6 -21 .1

6. (BcH X 100) : CbL M -7 .3 -13 .8 -17 .3 —118.6
F -7 .9 -1 3 .9 -18 .0 -19 .0

7. (2X ZyB ): M -6 .3 -12 .8 -14 .9 -17 .0
(C b L + B c B ) F -6 .6 -12 .8 -17 .0 -17 .0
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Fig. 2. Concluded on page 166.
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Pig. 2. V ariations in  some body and sku ll m easurem ents of th e  root vole in
different generations.

a — Eye lens dry wt., b — Body length, c — Body w eight, d — CbL, e — DL, 
f — BcB, g — BcH. Basis fo r charting  diagram s was the a rithm etica l m ean for 
m ales and fem ales in successive rem ovals. Solid line — m ales, broken line —

fem ales.

Sex dimorphism is also evident in the different growth rate of body 
and skull measurements. With the exception of age class IV, almost all 
dimensions in males are distinguished by greater increases (Table 3) 

When analyzing mean values of different body and skull dimensions 
in corresponding age classes and growing seasons it can be seen that 
at first young males (class I and II) grow slightly more rapidly than 
females. In age class III mean values are sometimes greater in males 
and sometimes in females. In summer, when only young females attain 
sexual m aturity, 'the mean values of their dimensions are usually higher 
than in males. Statistically significant differences relate to: body length, 
body weight (P <  0.05). Mean values for skull measurements are also
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Fig. 3. Concluded on page 170.

higher, although tthese were not statictically significant differences. The 
relation between growth rate and attainm ent of sexual m aturity is 
confirmed in old adults also. Males m ature sexually earlier and are
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Fig. 3. Concluded on page 170.
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Fig. 3. Concluded on page 170.

characterized by greater increases in body and skull measurements 
in spring. The dimensions of females do not become similar to those 
of males until two months later (Fig. 2, 3).

In the study population old adult males are always larger than 
females, the  greatest differences being manifested in spring, but 
decreasing during ¡summer. It would therefore appear that depending 
on the quality of the samples at the disposal of different authors, 
in some cases sex dimorphism was shown to exist (D e h n e 1, 1946; 
E h i ik, 1953; B a u e r ,  1953) end others not (W ¡ a s i l e w s k i ,  1956b; 
K a n e p, 1967). The results obtained in this study indicated that indi
viduals of the two sexes should be analyzed separately.
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Fig. 3. V ariations in some body and skull m easurem ents of the root vole in two
generations.

Basis fo r charting  diagram s was form ed by arithm etica l m eans calculated for 
each  m onth on basis of data for period 1966—4974. Symbols as for. Fig. 2.

3.2. Intrapopulation Differentiation

3.2.1. D ry Lens W eight

There are two distinct peaks in the distribution of weight of dry lens 
mass. The first peak is different in the two sexes, occurring a t 3.0 mg 
for females and 2.5 mg for males, while the second peak for the two 
sexes occurs at the same value — 4.5 mg (Fig. 4).

This second peak is due to the fact that in this interval the upper 
limit of lens size is attained by the current year’s individuals and also

Fig. 4. D istribution of frequencies of dry eye lens w eight in m ales and fem ales.
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the beginning of the range of lens weight of old adult individuals. 
Common classes of 4.0—4.6 mg, however, in which individuals of one 
or the other group could be observed, never occur together dn the given 
sample (Table 4). •

T a b le  4

D is t r ib u t io n  o f  n u m b e r s  o f  M . o e c o n o m u s  in d iv id u a ls  a c c o r d in g  to  d r y  e y e  len s  
w e ig h t  (in  m g ), t a k in g  in to  c o n s id e r a t io n  a g e  a n d  t r a p p in g  s e a s o n  in  1966

o © o o o o o o o o © o oCD «-H CO r— CO cq CO »— cq <—1 cq
A <-t /-v —• C<i <N CO CO in in <0 co' L— t>

T im e  o f  c a t c h A g e 1 1 1 ! 1 1 1 1 1 1 1 1 1g r o u p s ID in ID ID in in in m in in in in ino co CD rH CO co t—1 co T-l CO t-l
ci cl CO CO rji Tji in ici CO CO L~

I 4 11 5
II 1 20 6

23 - -2 6  M a y III 31 5
IV 1 4
V 8 25 36 10 1 1

I 1 3 1
II 1 12 8

20--2 7  J u ly III 7 18 4
IV 2 2
V 2 3 1 1 1 1

I 6 4
II 7 4

17-- 2 4  A u g u s t III 4 3
IV 3 2
V 4 2 1

I 1 2
II 1 9 3

4— 13 O c t o b e r III 6 13 46
IV 5 17 8
V 1 19 10 11 5

30 N o v e m b e r — III 17 24 34 5
3 D e c e m b e r IV 12 5 1

When comparison is made of the mean values for lens weight in 
different trapping series for young individuals barn in the current year 
and old individuals born the preceding year, this divides the material 
into two distinct generations, the curve of increase in lens weight in 
the population taking an S-shape. On account of the 3—4 removal 
operations made during the course of the yeair this shape of curve 
is not evident (Fig. 2a). A fuller picture of increase in lens weight was 
obtained from analysis of means from different months for the whole 
study period (Fig. 3a).

During voles’ lifetime, usually lasting 18 m onths at most under 
natural conditions ( W a s i l e w s k i ,  1956b), lens weight increases from
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0.7 to 7.9 mg, which gives 0.4 mg increase per month, whereas the 
mean increase in lens weight calculated from mean values of weight 
fluctuations (Fig. 3a) in the population is 0.28 mg per month.

3.2.2. Body Length

The distributions of variation in body length in the study population 
are almost symmetrical, with a single peak for both sexes. Sex 
dimorphism is only very slightly manifested. Higher frequency in the 
range from 110—130 mm was found for females, but this may be due 
to the overestimated measurements in gestating individuals. In males 
higher frequencies were found in the ranges from 90—110 and 130— 140 
mm. The range of this measurement is identical for the two sexes.

■Distinct dimorphic differences in body length are manifested in 
spring (e.g. in April removals), when the ranges of body length coincide 
only to a slight degree and males are distinctly larger. Differences even 
up with the passage of itime and differ only slightly during summer 
(Fig. 3b). Lairge individuals over 95 mm predominate in the population 
during the early spring period, but as from May the percentage of 
smaller individuals increases. The gradual entry of new individuals 
causes considerable asymmetry of distributions of this dimension in the 
papulation, and usually they are negative asymmetry distributions. An 
example of this is the distribution for May 1966 for females .(Fig. 5b). 
There is also a distribution with positive asymmetry, e.g. the sample 
from May 1966 for males, due to the small numbers of adult animals 
(Fig. 5a).

In summer trappings as from the end of June and beginning of July 
up to August, distributions of body length aire curves with two- or 
three peaks, this being particularly clear in the case of females (Figs. 
5a, b). Decline of curves at values of 110 mm in both sexes is due to 
the fact that this 'is the extrem e size value for young animals born 
the current year and the beginning of the range for old individuals.

In autumn distributions have two peaks, the second of which is 
veiry slight. Immediately before the winter period — end of November 
and beginning of December 1966 — the distribution is symmetrical with 
one peak for males (Fig. 5a), while a small number of individuals over 
110 mm are stall found among females (Fig. 5b).

In summer (June—July) the peak of the body length distribution 
for young individuals occurs at the value 90 mm, and in August at 
100 mm, iwhich with th e  continuous en try  of individuals into the 
population points to the high rate of increase in body length of animals 
born in spring (spring generation). In autumn the highest point on the
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Fig. 5. F requency distribu tions of body length of m ales (a), and fem ales (b) 
in successive rem ovals in 19-66.
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Fig. 6. Frequency distribu tions of body length in successive study years for
m ales (a) and fem ales (b).
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distribution is maintained a t the same value as in August (Figs. 5a, b), 
due to the slower growth of these animals.

Variations in body length in successive years points to the differences 
in the two sexes (Figs. 6a, b). Distributions of body length in males are 
mere differentiated and are distinguished by considerable shifts in the 
peaks. In the case of females distributions have one peak, and are 
flatter, except for the distribution from 1966, which has two distinct 
peaks. Distributions for 1971—74 for both sexes are different in character 
from the remainder, as they have one peak with decided negative 
sikewness, due to the small number of young animals in ‘the population 
(Figs. 6a, b).

Table 5

S tatistica l description of d istributions of body length in m ales of age 
class V in successive study years.

Y ear X SD Me Mo S K

1966 125.74 7.24 126.00 126.52 -0 .75 4.58
1967 120.61 7.07 121.30 1,22.68 -0 .22 2.45
1968 110.60 8.84 109.70 107.89 0..14 2.03
1969 121.26 6.45 120.85 120.03 0.09 2.04
1970 115.00 8.64 115.50 116.50 -0 .04 1.98
1971—.1974 112.75 9.16 112.00 110.51 0.97 4.04

There is a tendency to reduce the average value of body length 
in successive years (Table 5). This is not only the effect of percentage 
variations in age structure, since this is evident in each age class, and 
is particularly clear among old animals.

3.2.3. Body W eight

Body weight is sometimes used in field studies as an age criterion 
( M o r r i s ,  1972). In the vole it is possible to distinguish between 
individuals belonging to two generations. Analysis of frequency of body 
weight thus permits of tracing the variations in age structure which 
take place. As the body weight of females is disturbed by gestation, 
analysis of body weight was confined to males.

The distribution of male body weight frequencies has two peaks 
(Fig. 7a). Distributions for successive study years (Fig. 7b) reveal 
considerable differences in iweight between young individuals and old 
adults. The lightest individuals appear in the population towards the 
end of July and in August, but as late as the beginning of October 
single individuals were caught weighing less than 10 g. Individuals 
weighing over 45 g were caught from May to the end of September.
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• -  1966
-  1967 
- 1 9 6 8
-  1969
-  1970

-  1971-74

Fig. 7. Concluded on page 177.
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Fig. 7. D istributions of frequencies of body weight of m ales of the whole 
m ateria l (a), in successive study years (b), and successive rem ovals in 1966 (c).

During the winter and early spring (from December to .mid-April) 
increases in body weight in the population are slight. As from mid-April 
there is a rapid jump in growth lasting until the end of May — beginning 
of June. After attaining a maximum in July-August, there is a decrease 
in mean weight due to the disappearance of the heaviest individuals 
from the population (Figs. 2c, 3c).

Among young individuals in spring it is the females which are 
distinguished by the highest mean weights. In summer the mean value 
decreases, due to the entry into the population of new individuals. In 
eairly autumn the increase in mean weights is due -to no young individuals 
entering the population, after which there is, however, a slight decrease 
(Figs. 2c, 3c). This can be seen clearly in the distributions of male body 
weights for 5 removals in 1966 (Fig. 7c).

As in the case of body length body weight exhibits a tendency to 
decrease in successive years (see section 3.4).



178 J. Markowski

3.2.4. Condylobasal L ength (CbL) #

The distribution of CBL frequencies shows two peaks, the first peak 
in both sexes occurring at the same value of 25 mm, but the sscond 
is at 28 mm in males, and 27 mm in females. Dimorphic differences are 
not evident except in old individuals (Fig. 8a).

Fig. 8. Concluded on page 179.
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Fig. 8. D istributions of frequencies of condylobasal length (CbL) for m ales and 
fem ales (a) and  in successive study years for males (b) and fem ales (c).

During the spring and summer periods mean CbL values among young 
individuals are higher for females, due to their more rapid weight 
growth connected with their earlier sexual maturation. Towards the 
end of summer, when reproduction ends, dimorphic differences in mean 
CbL values are not significant, and dn autum n the males have slightly 
higher mean values (Figs. 2d, 3d). In old individuals the 'mean CbL 
value is higher for males, but fluctuations in mean values follow an 
identical course in both sexes (Fig. 3d). In distributions of CbL frequency 
in males in successive years, two of them differ from' the general 
picture: distribution for 1968 and for the years 1971—74 '(Fig. 8b), as 
in the case of females (Fig. 8c).

3.2.5.” D iastem a Length (DL)

The distribution of DL in the population has one peak in both sexes, 
with a shift towards maximum values in males. The distributions are 
characterized by slight negative asymmetry, sex dimorphism being more 
distinct in old adults in the form of a shift in DL distributions in 
males towards maximum values (Tab. 6).

Fluctuations in monthly mean DL values (Figs. 2e, 3e) follow a similar 
course to that of fluctuations in CbL mean values but, unlike them, no
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abrupt variations in values are observed, pointing to the more balanced 
growth of the diastema. This agrees with the observations made by 
W a s i l e w s k i  (1952) on the more even growth of the visceirocranium 
than the neurocranium in Clethrionomys glareolus.

3.2.6. B rain-case B readth  (BcB)

BcB distribution in the population .is similar in both sexes, but the 
distribution for males has higher frequencies, with higher values of 
the variable. 'Distributions are characterized by negative asym m etry 
and in females very high concentration of variables round the mean 
(Table 6). As in the case of DL, dimorphic differences are evident only 
in old adults, in the form of a shift in the distribution of BcB in males 
towards maximum values (Table 6).

Table 6

S tatistical description of d istributions of some skull m easurem ents
(DL, BcB, BcH).

Sex X SD Me Mo S K

Whole cT 7.59
DL
0.77 7.60 7.61 -0 .07 2.96

m aterial 9 7.59 0.74 7.60 7.61 -0 .2 3 2.89
Age class V, d 8.87 0.41 8.90 8.95 -0 .98 4.45
1966 9 8.60 0.37 8.70 8.90 -0 .41 2.28

Whole cT 11.76
BcB
0.71 11.80 11.86 -0 .35 3.17

m aterial 9 11.72 0.68 11.75 11.82 -0 .03 5.17
Age class V, cT 112.74 0.39 1,2.70 12.61 0.45 3.59
1966 9 12.43 0.46 12.40 12.34 0.03 3.99

Whole 7.54
BcH
0.34 7.50 7.41 0.28 3.62

m aterial 9 7.47 0.39 7.50 7.56 0.04 4.48
Age class V, cT 7.91 0.24 7.90 7.89 0.08 2.64
1966 9 7.74 0.29 7.70 7.61 0.27 2.87

i nations in fluctuations of the monthly BcB means in
generations are shown in Figures 2f and 3f. In comparison with other 
param eters fairly great differences are evident in the mean values 
and growth rate for both sexes, being particularly distinct in old adults. 
Since, however, increase in the capacity of the brain-case with age is 
slight (M air k o  w s k i, in prep.), as has been shown by earlier data 
for other species of voles ( R u p r e c h t ,  1974; K r a t o c h v i l  et al., 
1977), the increases observed are due to 'the development of the bony 
nuchal crest and increase in thickness of the bone»
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• 3.2.7. B rain-case Height (BcH)

BcH distribution in the population exhibits fairly considerable 
differences for both sexeis. In males it is similar 'to the normal distribu
tion, whereas in females it is markedly leptokurtic with a very high 
concentration round the mean (Table 6). In addition the distribution 
for males is characterized by a shift towards maximum values.

Variations in fluctuations of monthly BcH mean values take a different 
course from the parameters so far discussed (Figs. 2g, 3g). Mean BcH

Table 7

Com parison of significance of differences in m ean values 
of body and skull m easurem ents in d ifferent age groups 
individuals of the spring and autum n generation, w ith

p =  0.05

M ales Fem ales
I II III I II III

Body m easurem ents
Body length + + + +
Tail length + + +
Hind foot + +
Ear +
Body weight + + + + +

Skull m easurem ents
CbL * * *
BcL * * *
DL *
M xT R L ♦ * + + +
MdL
BcB * *
ZyB + +
IC *
RB + + +
BcH + +

Eye lens weight * * * *

+  A verage values significantly  higher in ind iv iduals of 
the  spring generation.

* A verage values significantly  higher in individuals of 
the autum n generation.

values in. each age class exhibit a tendency to decrease during the 
period from spring to autumn (Fig. 9), mean BcH values for individuals 
of the spring and autumn generations (age class 3) differing to 
a statistically significant degree (Table 7). The HrdliCka-Koaka index 
which accurately represents the proportions of the neurocranium, also 
exhibits fairly considerable decrease in the generation of young 
individuals (Fig. 10).
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V VI VII VIII IX X XI XII

—  i _ _  11 — in —  i v  v • <f °  9

Fig. 9. V ariations in  arithm etica l m eans for b ra in -case  height values in age 
classes for successive rem ovals in 1966.

Fig. 10. V ariations in m ean values of Hrdli£ka-tKo£ka index for two generations. 
The d iagram  was p lo tted  on the basis of arithm etica l means calculated  foi 

d ifferent m onths, using d a ta  for the period  1966—1974.
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These variations in mean BcH values over the annual cycle are 
similar to variations found earlier for this species by W a s i l e w s k i  
(1956b). This author suggests the existence of the phenomenon of skull 
depression (DehneTs phenomenon) characteristic of Sorex and Neomys 
( D e h n e l ,  1949; P u c e k ,  1963). Similar decrease in mean BcH 
values have been observed in other species of rodents ( W a s i l e w s k i ,  
1962, 1956a; K r a t o c h v i l  & M r a z o v a ,  1976). The question still 
remains open, however, as to w hether in the case of Microtidae we 
have to do with a phenomenon analogical to the winter depression in 
the skull of Soricidae.

The decrease in BcH value observed in old adults in autumn is 
connected wtih decrease in the mean value of lens weight and is due 
to the oldest individuals disappearing from the population. The situation 
among individuals of the' young generation is far more complicated, 
since it was found that there is a similar relation during the summer 
period and in spring in age class III (Table 8). It is thus clear that the

Table 8

M ean values of b raincase height depending on eye lens w eight in  individuals in 
age class III (taking 1966 as an  example)

o o o o o o oo ca CO CO o N
o CO1

CO
I CO1 CO1 COI 1 Tt<ICOCsJ 1

its
Ito 1in 1in 1in 1m 1in inI CO o C'i CO CO o <M1 c4 co CO GO CO CO

Spring n 1 7 14 7 9 6 5 5
X 7 .7 2 7.6 6 7 .6 1 7.5 8 7.4 0 7 .4 2 7.3 0

Sum m er n 1 1 12 10 8 6 5
X 7 .4 7 7 .5 5 7 .4 0 7 .4 6 7 .4 2 7 .3 4

Autum n n 8 7 14 26 20 36 4 7 57 1 1
X 7 .4 8 7.3 6 7 .3 1 7 .3 3 7 .3 4 7 .3 7 7.3 0 7.2 9 7.3 0

phenomenon of skull depression as the lens weight increases occurs
constantly, irrespective of the time of the year and must be of a different 
nature than DehneTs phenomenon. The flattening of the skull may 
thus be the effect of the action of forces on the vault of the neurocranium 
as the base of the skull grows. G ç b c z y n s k a  (1964) explains the 
effect of reduction in brain-case height similarly for M. agrestis kept 
in captivity.

3.3. Variability of Dimensions

The values of coefficients of variation in different parameters change 
with age. Generally high values of these coefficients are found in age 
class I, then a decrease in age classes II and III, after which they
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attain  higher values in classes IV and V 1. In age class I there is 
■a tendency to reduction in CV value with the passage of successive 
years. This is connected with the gradual reduction in the percentage 
of »nest« individuals in this class. In the remaining age classes the CV 
values are higher in years with lower population numbers, i.e. in 
1968, and for the combined sample comprising individuals for the years 
1971—74.

Reduction in ranges of variability were observed in all body and 
skull measurements in successive years of removal. This is illustrated 
by diagrams of frequency of head and body (Fig. 6a, b), body weight 
;(Fig. 7c) and CbL (Fig. 8b, c). Mean reduction in ranges over the period 
from 1966— 1974 iwas as follows: for head and body — 16.2°/o for males 
and 28.9% for females; for body weight correspondingly 2*3.9 and 19.7%; 
for CbL — 26.6 and 29.4%. For some of the skull dimensions reduction 
in ranges is even more distinct, e.g. for zygomatic breadth it is over 
36% in both sexes. This is directly connected with reduction in 
population numbers.

3.4. Variability in Mean Values

Comparison of the significance of diferences between .mean values 
(with p =  0.05) cf body and slkull dimensions in successive years was 
preceded by tes.ing the homogeneity of the age classes compared on the 
basis of dry lens weight (age criterion). It was found that out of the 150 
comparisons made, in 13 cases (i.e., 8.6%) differences were significant 
(P <  0.05). The occurrence of these differences is due to the high degree 
of variability in lens weight which becomes evident when using small 
samples.

Analysis of statistical differences between means of different di
mensions between successive years revealed a certain alternation in 
increase or reduction of the number of significant differences. The 
question therefore arises as to whether this alternation is cylic in the 
study population and what is the relation between it and 'the cycle, 
of variations in numbers. For this purpose use was made of the method 
proposed by K r e b s  (1964b) of analysis of variations in mean deviations 
from linear regression of body length — Cb length, making allowance 
for division into season and age.

Variations in mean deviation from linear regression of the summer 
period were related to the calculated densities ( B u c h a l c z y k  &

1 T abu lar com parison of coefficients of varia tion  for m easurem ents of the body 
and skull betw een successive years has not been included in this paper, but 
the  typescrip t is available from  the au thor and is to be found in the  L ibrary  
of the M ammals Research In stitu te  PAS a t Białowieża.
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& P  u c e k, 1968). The application as from 1969 of the uniform trapping 
system  (permits of accepting the index of trappability as a m easure 
of variations in 'population numlbers in succeeding years. 

The results obtained point to a certain lack of agreement between the

Fig. 11. V ariations in values of m ean deviations from  stra igh t-line  regression fo r 
body length — Cb length, during sum m er in m ales and  fem ales in successive 
years, tak ing  into consideration young individuals and  old adults, and varia tions 
in  the trappab ility  index of M. oeconomus in successive years, calculated separate ly  
for S tan d a rd  M inimum area (1966—68) and  perm anent trapp ing  lines as from  
1969. Colum ns and figures above them  illu stra te  density  <n/ha) for M. oeconomus  
estim ated by m eans of the S tandard  M inim um  m ethod (data from  the  paper by 

B u c h a l c z y k  & P u c e k ,  1968).
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maximum dimensions obtained in 1969 and. the ipeak numbers which 
occurred a year later (Fig. 11). In 'the study population two reductions 
in numbers were recorded in 1968 and 1972, the first of which i£ in 
agreement w ith reduction in dimensions of body size, and in the second 
case only 3 individuals were caught, making it  pointless to give 
deviations for them.

iWhen comparing the significance of differences between mean values 
of the different dimensions, a tendency was also observed to reduction 
in their value in successive years. The results of testing the significance 
of the tendency to decrease in coefficients of regression within age class 
V are given in Table 9. The decrease in .mean dimensions in the

T able 9

C om parison of results of te sting  tendency to  decrease, w ith  p=0.05, 
of som e body and  sku ll m easurem ents in  m ales and fem ales in age 

class V in  successive years of the  study.

M easurem ent Sex
E quation  of 

decrease 
tendency

Significance of 
equation coefficients 

te sting  
a b

Eye lens d ry d y =5.73—0.083a: + —

w eight ? y =5.67—0.046x + —
Body leng th d y =  122.52—2.1 lx + +

$ y =  118.79—2.43x + +
Body w eight cf y =  50.75 —1.85X + +

? y =44.14 — 1.51x + +
CbL cf y=28.15—0'.¡156x + —

? y = 27.25—0.069x + —

+  Regresión equation  coefficients sign ifican tly  d ifferen t from  0.
— Regression equation  coefficients no t significantly  d ifferen t from  0.

younger age classes was not taken into consideration, although in the 
case of Bw t  or body length they were statistically significant 
(P <C 0.05). The decrease observed in these age classes may be due to 
the different dates a t which reproduction 'began, or is the effect of 
quantitative differences between individuals of the spring or autumn 
generation.

O n ly 'th e  decrease in mean values of body length and body weight 
proved to be statistically significant (Fig. 12) in both sexes of age class 
V in successive years. Values t of angle coefficients of linear regression 
of the two dimensions differed significantly from  zero (P <C 0.05). The 
tendency to decrease in the value of average lens weight and CbL 
proved not to be significant (P >  0.05) (Table 9). Tendencies for other 
skull dimensions such as BcL, ZyB  also proved not to be significant, 
but have not been included in Table 9.
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The results obtained show that the dimensions of the skeleton in 
M. oeconomus are stable and are subject to a -lesser degree to habitat 
factors than are body dimensions, which in successive years may differ 
considerably. A similar relation has been found in other rodents, e.g., 
in Pitymys subterraneus by W a s i l e w s k i  (1960).

Fig. 12. V ariations in a rithm etica l means of body length fo r males and  fem ales in 
age class V in successive study years and straigh t lines of regression based on

these values.

‘ 3.5. Variability in Seasonal Generations

Two generations can be distinguished on the strength of morphological 
characteristics in the study population, namely the spring and autumn 
generations. Individuals of both sexes of the former generation are 
significantly larger than individuals of the autumn generation in respect 
of body dimensions (Table 7). These differences are less distinct in 
skull measurements. Males of the spring generation have significantly 
greater mean RB and BcH values (P<0.05), while those of the autumn 
generation have significantly greater CbL. Females of the spring 
generation have significantly greater RB, BcH, ZyB  and MxTRL. In
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Fig. 13. Mean grow th ra te  of body length (a), body w eight, (b), and CbL (c) in 
individuals of the spring (S) and au tum n (A) generations.

respect of the remaining dimensions the mean values for the autumn 
generation are statistically higher (Table 7).

The two generations distinguished are also characterized by difference 
in growth rate. Individuals of the spring generation grow more 
intensively and attain maximum dimensions within 4—5 months (up to 
110 mm body length, 26.5 CbL, 30 g body weight in males and 40 g 
in females — Fig. 13). Individuals of the autum n generation grow 
intensively only for about 2.5 months, after which their rate of growth 
slows considerably. Some parameters even exhibit a decrease in mean 
values, e.g.: body weight and BcH (Fig. 13).

3.6. General Biometric Description

Considerable variability was found in body and skull dimensions in 
the root vole population studied, due to the successively alternating 
generations, differences in growth in successive years and gradual 
reduction in body measurements. Despite this, it was decided to give 
a general biometric description in the age classes distinguished on the 
basis of the available material (Table 10).



190 J. Markowski

Body m easurem ents,

Age group I

- Table 10
skull m easurem ents and quotient indices in d iffe ren t age

M A 
max

FEMALE 
max x

Bod; measurements 
Bod; le n g th  
T a ll  le n g th  
Hind fo o t 
Bar
Bod; w e ig h t 

S k u l l  m easurem ents
CbL
BoL
DL
KxTIL
Kdl
BcB
Zj*
IC
RB
BcH .

B ;e  l e n s  w e ig h t 
Q u o tie n t  I n d ic e s

1 .BcL X 1 0 0 : CbL
2  .DL X 1 0 0 ! CbL
3.BcB X 1 0 0 : CbL
4.Z ;B X 1 0 0 S CbL
5 .IC X 1 0 0 i CbL
6 . BcH X 1 0 0 S CbL
7 . 2  X Z;B t CbL ♦

86 58..7 100,,1 74..00 7..45 10,,1 74 58.,4 91,.2 73..91 7..30 9,.9
78 22..2 36,,0 29,,70 3..20 10..8 72 21..0 40.,0 28..78 3..61 12..5
52 15..1 19..9 17,,24 1,.28 7..4 52 15..0 19.. 1 16,.99 0,.99 5..8
47 6..0 12,.5 9.,75 1,.72 17..6 46 6,,1 12,.8 9..7 1,.53 15..8
91 5..7 21,,9 11..75 2,.96 15,.2 77 5..8 22,.0 11..68 3..14 26,.9

94 18,,0 22,.5 20,.54 0..97 4..7 84 17..9 22,.1 20,.49 0..97 4,.7
94 11,.9 14..9 13..53 0,.62 4..6 84 11,.8 14..5 13..47 0,,6Q 4,.5
94 5..2 7.,0 6..14 0,.35 5..7 84 5..2 7..0 6,.12 0..36 5..8
94 4,.5 5..9 5..44 0..31 5,.7 84 4..5 5,.9 5,.45 0..29 5..3
92 11..2 14,.7 13.,43 0..61 4..5 84 12.,1 14,.7 13..35 0,,54 4..0
94 9..1 11.,2 10..39 0..40 3.,8 83 9..4 11,.0 10..38 0..34 3,.2
94 10..0 12..4 11..35 0,.45 4,.0 8A 10,.2 12..2 11..36 0..42 3..7
94 3..0 3..6 3..36 0,.12 3,.6 84 3..0 3,.6 3..33 0., 11 3..3
94 3..6 4..5 4..12 0..19 4..5 84 3..6 4..5 4..12 0..16 3..8
94 6,.4 7.,8 7..19 0,.25 3..5 84 6,.5 7,.8 7..15 0,.26 3..6
78 0..7 2,,1 1,.64 0..36 21.,8 71 1,.0 2.,1 1,.55 0..32 20,.9

94 63..8 68,.5 66,,12 0..87 1,.3 84 64..1 67..6 65..75 0..71 1..1
94 27,,6 33.,2 29..88 0,,86 2..9 84 28.,0 32..3 29..92 0..85 2,.8
94 47,.6 54,,7 50,.62 1,.27 2..5 83 48.,1 54,,2 50..73 1 ,.44 2,.8
94 51..6 58,,4 55.,20 1..33 2,.4 84 52..4 58..2 55..50 1 ,.44 2,.6
94 14..2 18,,5 16,.38 0,.87 5..3 84 13..6 19..8 16..30 1.,02 6,.3
94 31..4 40,,1 35..07 1 ,.69 4..8 84 31..4 40,,7 34..98 1,.89 5 .4
94 0,,42 0,.53 0,.47 0..02 4,,4 84 0,.42 0,.48 0,.47 0..02 4,.4

nn

Age group I I

Boay m easurem ents 
B od; l e n g th  
T a i l  l e n g th  
Hind f o o t  
Ear
Bod; w eig h t 

S k u l l  m easurem ents 
CbL 
BcL 
DL
MxTRL
MdL
BeB
Z;B
IC
KB
BcH

E ;e  le n s  w e ig h t 
Q u o tie n t  I n d ic e s
1 . BcL x 100 : CbL
2 . DL x 100 : CbL
3* BcB x 100 : CbL
A. Z;B x 100 : CbL
5 . IC x 100 : CbL
6 . BoH x 100 : CbL
7 .  2 x Z;B : CbL + BeB

MALE 
n min max X

198 64..5 104,.5 87..35
176 28.,4 42..3 35..24
105 17,,0 20..5 16..77
99 9..4 13..6 11 ..72

204 10.,4 30,.91 18,.25

210 21..4 23..9 22..70
210 13.,8 15..8 14..84
210 6.,1 7..8 6,.86
210 5.,4 6,.8 5..86
210 13..2 15..4 14..42
210 10..0 12..6 11,.12
210 11 ..3 15..8 12,.25
210 3..0 3,,7 3,.44
210 3..6 4..7 4,.34
209 6..8 8,.0 7..40
158 1 ,.85 3,.05 2,.39

210 63..4 69..0 65,.41
210 28..5 35..3 30,.24
210 44.,6 56,.8 48..99
210 51.,1 71..2 53,.97
210 13..2 16..7 15,.16
209 29..7 36..0 32..51
209 0.,40 0,.47 0..44

SD CV n min

6 .8 9 7 .9 202 68 .0
2 .74 7 .8 183 2 8 .0
0 .8 5 4 .5 104 15.5
0 .8 9 7 .6 84 9 .2
3 .5 9 19.7 205 10.6

0 .6 5 2 .9 213 21 .2
0 .4 4 3 .0 213 13.0
0 .2 8 4 .0 213 6 .2
0 .1 9 3 .2 213 5 .4
0 .4 4 3.1 213 13.2
0 .3 5 3 .2 213 10.0
0 .4 9 4 .0 213 11.3
0 .1 2 3 .5 213 3.1
0 .1 6 3 .6 213 3 .6
0 .2 5 3 .3 212 6 .7
0 .3 3 1 3 .8 153 1 .80

0.71 1.1 213 6 0 .8
0 .7 9 2 .6 213 2 8 .6
1.24 2 .5 213 4 2 .9
1 .86 3 .4 213 5 1 .0
0 .61 4 .2 213 13 .8
1.21 3 .7 212 2 9 .5
0 .01 2 .3 212 0 .3 7

FEMALE
max x SD CV

108.4 8 6 .3 8 7 .1 4 8 .3
4 5 .6 34.79 2 .9 6 8 .5
19 .8 18.09 1.05 5 .8
13.3 11.73 0 .8 7 7 .4
3 4 .8 18.40 3.75 2 0 .4

2 4 .3 2 2 .7 9 0 .6 4 2 .8
1 5 .3 14.85 0 .4 3 2 .9
7 .8 6 .8 9 0 .2 7 3 .9
6 .6 5 .8 6 0 .1 8 3 .0

15 .3 14.41 0 .4 0 2 .8
12 .6 11.10 0 .3 9 3 -4
13.1 12.23 0 .3 5 2 .8

3 .6 3-43 0 .11 3 .2
4 .7 4 .2 9 0 .1 6 3 .8
7 .9 7 .3 4 0 .2 6 3 .5
3 .2 0 3 .3 7 0 .3 7 1 5 .6

65 .2 65 .1 8 0 .7 9 1 .2
34 .2 30.22 0 .7 8 2 .6
7 1 .6 48 .69 1.87 3 .8
60.1 53 .69 1.29 2 .4
16.5 15.05 0 .5 4 3 .6
3 5 .0 32.21 1.21 3 .5
0 .4 7 0 .4 3 0 .0 2 3 -5
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classes of M. oeconomus.

Age group I I I

MALE
max

FEMALE 
n  rain max

Body m easurem ents 
Body le n g th  
T a l l  le n g th  
Hind fo o t  
E ar
Body w e ig h t 

S k u l l  m easurem ents 
CbL*
BcL
DL
MxTRL '
MdL
BcB
ZyB
IC
RB ■
Bch

Eye le n s  w eigh t 
Q u o tie n t  In d ic e s

1 .BcL x 100 : CbL
2.DL x 100 : CbL
5 .BcB x 100 : CbL 
4 . ZyB x 100 : CbL 
5 .IC  x 100 t CbL
6.BcH x 100 : CbL
7 2 x ZyB : CbL ♦ BcB

SOS 80..0 119..7 96..59 6..06 6..3 482 81..0 114,.0 97..38 6,.01 6,.2
479 26..2 51..0 58,.82 3..26 8..4 472 27..5 59,.0 38..83 4..23- 10..9
■>70 16..7 22..7 19..29 0..94 4..9 295 16,.6 21..5 18..79 0,.90 4..8
296 10,.0 14..8 12..46 0..78 6..3 270 10..0 17,.4 12..49 0,•91 7..3
515 14..8 46..7 22,.65 4..69 20..7 486 12..5 50..3 23,.73 7..62 32,.1

526 25..5 26..6 24..75 0..61 2..5 492 23..2 26,.4 24..67 0,.60 2..4
526 14..9 16..9 16..02 0..59 2..4 492 12,■ 9 17..2 15..98 0..43 2..7
526 6..8 8.. X 7..57 0..27 3..6 492 6..0 8,.4 7..52 0..28 3..7
526 5..5 6,.7 6..15 0..20 3..2 492 5..0 6..9 6..15 0..20 3..2
525 14..0 16..9 15..36 0..44 2..9 491 14,. X 16..6 15..36 0..42 2,.8
526 10..0 12..6 11..78 0..32 2..7 492 10,.8 12..6 11..71 0..31 2..6
525 11..9 14.,7 15,.09 0..42 3..2 491 12..0 14,.5 13..11 0..42 3..2
525 5,(2 5..9 5..53 0.. 11 3..2 492 3..2 3..8 3..49- 0.. 11 3..1
525 X..5 5.. 1 4..51 0..16 3..6 492 4..2 5..0 4..50 0..16 3..6
526 6..7 8..5 7..48 0..25 X,.3 491 6..2 8..2 7..42 0..25 3..4
418 5,.05 4..50 X..69 0..53 14..4 406 3..10 4..30 3..63 0..59 16,.2

526 60..9 66..7 64..74 0..68 1.. 1 492 53..'3 69..3 64..75 0..97 - 1,.5
526 27..7 55..2 50..57 0..69 2..3 492 25..5 33..2 30,.46 0..73 2..4
526 59., 1 50..8 47..6 1..23 2..6 492 28..9 50..6 47..42 1 ..41 3..0
525 48.,2 58..8 52..91 1..35 2..6 491 50..0 59..4 53,.14 1,.30 2..5
526 12..6 15..9 14..28 0..55 3,.8 492 12..3 15..6 14..16 0..59 4..2
526 26.,0 55..8 50,.25 1,.20 4..0 491 24,.8 35..7 30..13 1,.53 5., 1
526 0.■ 56 0,,45 0,.41 o..02 3,,7 491 0..33 0,.45 0,,41 0,.02 4.• 9

n mm

Age group IT

M A L E  _ F E M A L B_
min max x  SD CV n  min max xn

Body mesuremanta
Body le n g th  - 135 9 0 .5 129.3 107.86 9 .1 0 8 .4 158 9 0 .0 129 .8 111.88 9 .3 0 8 .3
T a i l  l e n g th  . 132 31 .9 5 7 .4 45 .12 4 .6 8 10.4 147 33 .2 55 .5 4 6 .8 8 4 .7 6 10.2
Hind fo o t 83 17.4 2 1 .0 19.76 0 .7 7 3 .9 96 16 .8 21.1 19.12 0 .9 7 4 .8
E ar 74 11.5 15.2 13.21 0 .6 9 5 .3 83 11.2 17 .3 13.42 1 .0 6 7 .9
Body w eig h t 

S k u l l  m easurem ents
137 2 0 .0 5 4 .9 35.25 9 .5 7 27 .1 165 16.9 7 4 .2 38 .1 3 9 .5 5 25 .0

CbL 141 2 4 .6 27 .7 26 .55 0 .5 6 2 .1 167 2 4 .6 2 7 .9  ’ 26 .61 0 .5 8 2 .2
BcL 141 15 .8 17.9 17.02 0 .3 5 2 .1 167 1 5 . 8 18.2 17.04 0 .7 0 4 .1
DL 141 7*5 8 .9 8 .1 7 0 .2 7 3 .3 167 7 .4 9 .0 8 .2 6 0 .2 8 3 .4
MxTRL 141 5 .7 6 .8 6.35 0 .2 0 3 .2 167 5 .6 7 .1 6 .3 8 0 .2 2 3 .5
MdL 140 15 .3  ‘■ 17 .0 16.11 0 .3 5 2 .2 167 15.3 17 .0 16 .30 0 .4 6 2 .8
BcB 141 11 .2 12.9 12.26 0 .3 3 2 .7 167 11 .7 1 3 . 0 12.29 0 .2 9 2 .4
ZyB 141 13 .0 15.4 14.13 0 .5 5 3 .9 167 12.4 15.5 14 .3 7 0 .5 2 3 .7
IC 141 3 .2 ' 3 .8 3 .5 8 0 .1 3 3 .7 167 3 .0 3 .8 3 .5 3 0 .1 2 3 .4
RB 141 4 .3 5 .5 4 .8 8 0 .2 4 4 .9 167 3 .7 5 .5 4 .8 5 0 .2 2 4 .5
BcH 141 7 .0 8 .3 7 .6 7 0 .3 0 3 .9 167 7 .0 8 .1 7 .6 3 0 .2 4 3.1

Eye l e n s  w e ig h t 
Q u o tie n t  In d ic e s  .

122 3 .8 0 5 .2 0 4 .2 8 0 .3 7 8 .6 141 3 .8 0 5 .2 0 4 .2 2 0 .3 9 9 .2

1 . BcL x 100 : CbL 141 6 1 .7 65 .5 64.34 0 .6 6 1 .0 167 6 1 .8 6 5 .3 64 .22 0 .6 7 1 .0
2 . DL x 100 : CbL 141 2 8 .9 33.5 30 .80 0 .6 8 2 .2 167 27 .7 3 3 .9 31.02 0 .7 4 2 .4
3 . BcB x 100 : CbL 141 4 1 .3 48 .9 46.35 1.37 3 .0 167 4 3 .7 4 9 .6 4 6 .1 8 1 .0 6 2 .3
4 .  ZyB x 100 : CbL 141 5 0 .0 57 .5 5 3 .3 9 1.56 2 .9 167 4 7 .7 5 6 .9 53 .9 9 1.52 2 .8
5 .  IC x 100 : CbL 141 12.1 14.7 13.55 0 .5 6 4 .2 167 11.1 14 .5 13.27 0 .8 1 6.1
6 .  BeH x 100 : CbL 141 2 5 .4 32 .5 29.02 1.15 3 .9 167 25 .9 3 1 .7 28 .6 7 0 .9 9 3 .4
7 .  2 x ZyB : CbL ♦ BcB 141 0 .3 6 0 .4 4 0 .4 0 0 .0 1 3 .7 167 0 .3 6 0 .4 3 0 .3 9 0 .0 1 3 .2
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Age group T

H A L E  _ F E M A L E _
t  SC Cl n min max xwinn

Body m easurem ents
Body le n g th 240 94 .1 138.0 113.07
T a i l  l e n g th 224 2 9 .0 61 .4 4 7 .9 2
Hind fo o t 193 17.3 2 2 .5 19.24
E ar 173 1 1 .8 17.9 13.93
Body w e ig h t 246 2 4 .7 67 .7 4 6 .5 8

S k u l l  m easurem ents
CbL 247 2 4 .7 3 0 .6 2 7 .7 5
BcL 247 15.9 19.7 1 7 .7 7
DL 247 7 .5 9 .6 8 .6 4
MxTRL 247 5 .8 7 .2 6 .4 9
MdL 247 15 .3 18.6 16.82
BcB 247 1 1 .6 13.9 12.64
ZyB 247 13.5 17.4 15.13
IC 247 3 .1 3 .9 3 .5 7
RB 247 4 .3 6 .4 5 .1 4
BcH 246 6 .0 8 .9 7 .9 2

Eye l e n s  w e ig h t 201 4 .5 5 7 .9 0 5 .5 5
Q u o tie n t  I n d ic e s

1 . BcL x 100 : CbL 247 6 0 .4 68 .2 63 .8 9
2 .  DL x 100 : CbL 247 2 7 .3 33 .4 31 .14
3 . BcB x 100 : CbL 247 4 1 .5 4 8 .6 4 5 .5 6
* .  ZyB x 100 : CbL 247 57 .2 5 9 .4 54 .4 4
5 .  XC x 100 : CbL 247 1 0 .8 1 5 . 0 12 .86
6 . BcH x 100 : CbL 247 2 6 .6 3 2 .4 28 .5 4
7 .  2 x ZyB : CbL + BcB 246 0 .2 9 0 .4 4 0 .3 9

9 .3 6 7 .9 246 87.1 1 46 .0 1 '5 .6 7 1 1.54 10.0
5 .6 6 11 .8 2 35 3 7 .8 5 9 .3 48.01 4 .9 0 10.2
1.10 5 .7 H 9 16.7 21 .2 18.66 0 .9 6 5 .2
1.07 7 .7 145 11.4 17.1 13.56 1.05 7 .8
8 .3 8 18.0 247 2 0 .6 67.2 4 2 .2 0 10.53 24 .9

0 .9 4 3 .4 250 2 4 .6 29 .2 27 .11 0 .9 5 3 .5
0 .6 0 3 .4 250 15 .8 18.7 17.31 0 .5 8 3.4
0 .3 9 4 .5 250 7 .3 9 .4 8 .4 7 0 .3 8 4 .5
0.21 3 .3 250 5 .3 7 .1 6 .5 0 0 .2 4 3 .8
0 .5 8 3 .4 249 15.2 18 .6 16.72 0 .6 0 5 .5
0 .3 5 2 .8 249 11.0 13.9 12 .38 0 .4 0 3 .3
0 .6 7 4 .4 250 13.0 16.7 14.83 0 .7 2 4 .8
0 .1 4 3 .9 250 3 .0 3 .9 3 .4 3 0 .1 5 4 .4
0 .3 2 6 .3 250 4 .3 5 .7 4 .9 0 0 .2 5 5 .2
0.31 4 .0 250 6 .8 8 .5 7 .7 0 0 .31 4 .0
0 .5 4 9 .7 203 4 .5 0 7 .4 5 5 .6 0 0 .5 8 10.3

0 .8 9 1.4 250 61.5 6 5 .8 6 3 .7 8 0 .6 9 1. 1
0 .8 2 2 .6 250 2 8 .0 34 .4 3 1 . 2 2 C.75 2 .4
1.21 2 .7 249 3 9 .8 5 0 .7 4 5 .6 9 1.44 3 .2
1.94 3 .6 250 4 9 .8 60 .4 5 4 .7 0 1.51 2 ,8
0 .8 7 6 .7 250 10.5 14 .8 12 .86 0 .7 3 5 .7
0 .9 2 3 .2 250 25 .7 3 0 .9 2 8 .3 5 0 .9 7 3 .4
0 .01 3 .6 250 0 .3 5 0 .4 3 0 .3 9 0.01 3 .6

4. DISCUSSION .

4.1. Effects of Seasonal Generation and Sex Dimorphism on Body Size

Differences in growth rate depending on the time at which the 
animals iwere born have been shown for M. oeconomus by: W a s i 1 e w- 
s k i  (1956b); K a r a s e e v a  et al. (1967); S c h w a r z  et al. (1964).

The results obtained in this study fully confirm that individuals of 
the spring generation of both sexes have significantly greater body 
dimensions than individuals of the autumn generation (Table 7). In 
respect of skull dimensions, however, individuals of the spring generation 
have significantly greater RB  and BcH in both sexes. In females two 
other dimensions are significantly greater — ZyB  and MxTRL. In the 
remaining skull measurements mean values are significantly higher in 
individuals of the autumn generation (Table 7).

The dkulls of individuals of 'both generations thus differ from each 
other in respect of proportions. The spring generation is distinguished 
by short but wide skulls and a distinctly vaulted braincase, while the 
autum n generation has flat, longer and narrower skulls. These d iffer
ences cam be clearly seen in the correlation structure of the skull. 
In females during the spring period the number of measurements 
correlated with each other is sm aller than in autumn, whereas in males 
the reverse is the case (M a r k o w s k i, in prep.).

Individuals of the spring generation of the root vole grow intensively 
and attain .maximum dimensions within 4—5 months, the growth rate 
of females being greater (Fig. 13). This is connected with their earlier
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attainm ent of sexual .maturity in the case of females born in spring, 
as shown for this species by a large number of authors ( K r a t o c h v i l  
& R o s i e  k y, 1955; K a r a s e e v a  et al., 1957; S n i g i r e v s k a  j a, 
1961).

Individuals of the autum n generation, on the other hand, grow 
intensively for 1—2 months, after which their growth rate slows down 
considerably (Fig. 13). In certain dimensions (BcH and Bwt) there is 
even a drop in mean values.

Analysis of age structure and reciprocal relationships between 
generations ( S c h w a r z  et al., 1969/70; F e d y k ,  1974a, b; G l i w i c z ,  
1975) shows that there is a specific alternation of generations in rodent 
populations. F e d y k  (1974b) gave a general diagram of changes for 
C. glareolus, which fully corresponds to changes in the root vole 
populations: the spring reproduction base of the population consists of 
animals born at the end of the preceding reproduction season; it begins 
reproduction, producing numerous rapidly growing and maturing 
progeny (chiefly females) — the spring generation. Individuals of this 
generation interbreed and their slowly growing progeny forms the main 
part of the overwintering population.

It would therefore appear that it is a case of certain general 
regularities relating to voles, and possibly also to rodents as a whole. 
A n d e r s o n  (1970) terms rodent species with this differentiation of 
seasonal generations — cyclomorphic. It is understandable that the 
different generations, on account of physiological, behavioural and 
genetic differentiation, play an important ecological and evolutional 
part in the continuance of populations of different species. *

S c h w a r z  (1962) and Z e j d a  (1971) demonstrated the close con
nection existing between sexual maturation and animals’ dimensions. 
B o j k o v a  & B o j k o v  (1971) after P a n t a l e y e v  & T e r e h i n a  
(1976) found that in several species of rodents, including M. oeconomus, 
it is the heaviest and largest individuals, in respect of body length, 
which begin reproduction. The rapid jump in increase of body 
measurements in old adult males observed in M. oeconomus in spring 
is undoubtedly connected with their earlier m aturation (Figs. 2, 3).

¡Confirmation of the close relations between sexual m aturation and 
growth in rodents is supplied by the results on growth of seasonal 
generations. They show that sex dimorphism depends on the season and 
time at which the animals mature sexually during the first calendar 
year of life. In old adults dimorphic difference are constantly maintained, 
more distinct in spring, less distinct in summer.

It would appear that this is the cause of the discrepancies between 
data on the sex dimorphism of voles (see R u p r e c h t ,  1974; P a n -
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t a l e y e v  & T e r e h i n a ,  1976), or oven the failure to find differences 
in dimensions of individuals of different sex (W a s i l e w s k i ,  1956b; 
G ^ b c z y n s k a ,  1964, 1967).

In the light of these data the supposition is confirmed that the data 
obtained on sex dimorphism in rodents depends on the number and 
quality of the samples examined.

4.2. Cyclic Changes in the Population

In addition to the differentiated growth rate of seasonal generations, 
there are also differences in the growth rate of body and skull in. 
consecutive generations. As has already been shown, the largest indi
viduals in almost all age classes occurred in 1966 and 1969, and 
percentage increases in dimensions were greatest a t those times.

C h a t t y  (1952) showed that a characteristic feature of the population 
cycle is the attainm ent of the greatest body dimensions a t a time of 
»peak of numbers. K r e b s  & M y e r s  (1974) give three possible ways 
of relating changes in body size with numbers: (1) voles during the 
phase of peak and increasing numbers can live longer and attain 
maximum body dimensions at that time; (2) voles can grow more 
rapidly during the phase of increasing and peak numbers than during 
the phase of population reduction. This results in animals of uniform 
absolute age being larger during the phases of increasing and peak 
numbers; (3) the growth rate of young individuals (juv. and sub-ad.) 
may be identical in each year of the population cycle, but their 
maximum weight may differ for different phases of the cycle.

The data obtained so far do not reveal differences in the age of 
individuals in different phases of the population cycle (C h i 11 y, 19>52), 
or else individuals from the year of maximum numbers are on the 
average younger than individuals from the phase of population 
reduction ( K r e b s ,  1964a). There are no significant differences in 
mean values of lens weight for age class V in the study population 
of M. oeconomus in successive years, which indicates that the average 
age is the same »(Table 10). Maximum mean lens weight (although not 
differing statistically from other means) in females during the phase 
of decrease in numbers in 1968 would thus confirm the observations 
made by K r e b s  (1964a).

The third possibility of interpreting these results is difficult to 
document, on account of the lack of a sufficient number of measurements 
available at all times ( K r e b s  & M y e r s ,  1974), and therefore 
differentiation in growth rate is held to play the most im portant part. 
K r e b s  et al. (1969) showed for Microtus pennsylvanicus and
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M. ochrogaster that their growth rate is greater during the phase of 
increasing and peak population numbers. A similar relation was found 
by K r e b s  (1966) in M. calijornicus, but this was effected by the 
season and reproduction. K a r a s e e v a  et ail. (1957) also state that 
growth in M. oeconomus was greater during the year of its maximum 
numbers. Considerable weights during years of peak numbers have 
also been found for other voles and for lemmings (cf. K r e b s  & 
& M y e r s ,  1974).

Z i m m e r  m a n n  (1955) found that mandibular length in M. arvalis 
also varies during the population cycle in the same way as body weight. 
K r e b s  (1964b) found cyclic variation in body and skull measurements, 
and their dependence on density, for two species of lemming from 
northern Canada. F u l l e r  (1969), however, did not find variations in 
mean weight in fluctuating populations of C. rutilus and C. gapperi. 
G a i n e s  & R o s e  (1976) did not show any connection between size 
index and numbers in a cyclically varying population of M. ochrogaster.

In the case of the studied population of M. oeconomus there is 
difficulty in interpreting fluctuations in numbers due to the use of two 
different removal methods. On the basis of analysis of trappability 
indexes and calculated densities (Fig. 11) ( B u c h a l c z y ’k & P u c e k ,  
1968) it may be concluded that: The fluctuation cycle lasts four years. 
Maximum numbers were found in 1966 and in 1970. The successive peak 
in numbers was not however observed in 1974 as there was general 
decline in population numbers in this area.

The maximum numbers of M. oeconomus in 1966 correspond with the 
maximum dimensions of individuals (high positive mean values of 
deviations from linear regression of body length and CbL) (Fig. 11), 
which during the phase of decrease become lower and reach lowest 
dimensions with lowest population numbers in 1968. Further on, 
however, there is divergence — individuals from the growth phase are 
larger than individuals from the phase of peak numbers in 1970. The 
insufficient amount of data from subsequent years makes it impossible 
carry out further comparisons. Thus in this case no close relation is 
found between variations in numbers and body measurements. The 
question then arises as to what degree intensive removals carried out 
by the Standard Minimum method could affect the voles’ population 
cycle.

In the light of data from literature it iwould appear that they did not 
exert any im portant effect. A d a m c z y k  & W a ł k o w a  (1971) 
removed 32% of individuals from a Mus musculus population, but did 
not find reduction in numbers. Similarly K r e b s  (1966), removing 
all individuals of M. calijornicus weighing over 40 g from the population
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every two weeks (which sometimes constituted 50%> of the animals 
caught), was unable to prevent increase in population numbers. The 
effect otfl the traippinjg area may 'be compared to the activities of 
unspecialized predators in this area. In general it is assumed (F i t z
g e r  a 1 d, 1972; S t  e n d 1 e l l ,  1972 after K r e b s  & M y e r s ,  1974) 
that predators are not able to prevent population growth, but may 
accelerate reduction in numbers and maintain its low state, which 
postpones the start of the next eydle.

While removals in 1966 could have no im portant effect on the 
numerical state of the population, SM  removals in followings years 
might have affected the social composition, degree of tendency to 
migrate and numbers in 1969. The absence of appropriate data, however, 
makes it impossible to give full consideration to the causes of the 
absence of synchronization in the population cycle and size of body 
measurements.
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Jan u sz  MARKOWSKI

ZMIENNOŚĆ MORFOMETRYCZNA POPULACJI NORNIKA PÓŁNOCNEGO

Streszczenie

B adaniam i objęta została populacja nornika północnego, Microtus oeconomus 
(Pallas, 1776), k tóra znajdow ała się pod silnym  w pływ em  zm ieniających się czyn
ników  środowiskowych w yw ołanych m elioracją i w prow adzeniem  na części obszaru 
upraw  leśnych. W idocznym efektem  tego oddziaływ ania było stałe zm niejszanie 
liczebne populacji wyrażone w skaźnikiem  łowności (Ryc. 11). W trakc ie  badań 
w  la tach  1966—1974 odłowiono 4416 osobników, z k tórych  do analizy biom etrycznej 
w ybrano 2424 (Tabela 1). W oparciu o analizę podstaw ow ych w ym iarów  ciała 
i czaszki prześledzono zmienność w aspekcie różnic dym orficznych, generacji 
sezonowych i zm ian liczebności populacji. W ykorzystując ciężar suchej masy 
soczewek, długość Cb. oraz rozwój grzebieni kostnych czaszki wydzielono 5 klas 
wiekowych, k tórych biom etryczne charak terystyk i przedstaw iono w Tabeli 10.

D ymorfizm płciowy w yraźniej uw idacznia się u przezim ków (V klasa wiekowa), 
średnie w ym iary ciała i czaszki samców są istotnie statystycznie w iększe (Tabela 
2, 6). N atom iast dym orfizm  płciowy u zw ierząt w pierw szym  roku  życia ma 
ch a rak te r zm ian sezonowych. Samice generacji w iosennej szybciej dojrzew ają 
płciowo, cechują się szybszym w zrostem  i osiągają większe rozm iary aniżeli samce 
tej samej generacji. W generacji jesiennej większym i rozm iaram i cechują się 
samce (Ryc. 2, 3, 13; Tabela 7).

Istn ie je  w yraźne zróżnicowanie tem pa w zrostu między osobnikam i generacji 
w iosennej i jesiennej. Szczególnie silnie uw idacznia się to we wzroście p a ra 
m etrów  ciała (długości i ciężaru) i Cb (Ryc. 13), istn iejące różnice są statystycznie 
istotne (P <  0.05) (Tabela 7). Ś rednie w artości wysokości puszki mózgowej norników
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obniżają się jesien ią (Ryc. 9, 10). Obniżenie wysokości puszki mózgowej obserw uje 
się w m iarę starzen ia zw ierząt (wg klas ciężaru soczewek) (Tabela 8). Sugerowałoby 
to, że n ie jest to efektem  zimowej depresji czaszki (zjawisko Dehnela) lecz zróż
nicow ania tem pa w zrostu długości podstaw y czaszki i wysokości puszki mózgowej.

Is tn ie ją  sta tystycznie istotne różnice między średnim i w ym iaram i ciała i czaszki 
w kolejnych la tach , przy czym jednocześnie istn ieje tendencja spadku  tych w y
m iarów  oraz zm niejszanie ich zakresów  (Ryc. 6a, b; 7b; 8fo, c; Tabela 5). T endencja 
okazała się isto tna  statystycznie jedynie w  przypadku  długości i ciężaru  ciała 
(Tabela 9). Zaobserw ow ane zm iany średnich  w ym iarów  ciała nie są ściśle skorelo
w ane ze zm ianam i liczebności (Ryc. 11).

/


