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Studies on the blood picture of C. glareolus m ake it possible to sta te  
th a t the  m orphological adaptive m echanism  w hich secures th e  adequa­
tely high level of the function of haem oglobin depends on the  environ­
m ental and physiological conditions of the organism . This m echanism  
consists in a change in the haem oglobin content of blood and in the 
d irectly  proportional subordinate change of haem atocrit, thanks to 
w hich the MCHC  is always nearly  th e  same. The value of haem atocrit 
resu lts from  the  changes in the  num ber and size of erythrocytes. The 
correlations between these indices and the direction and in tensity  of 
their changes, w hich determ ine the to tal surface area of ery throcytes, 
seem to be essential in this respect. The num ber of blood cells is 
inversely proportional to tem p era tu re  and th e ir  diam eter changes in 
d irect rela tion  to the  changes in day length. As a result, th e  function 
of haem oglobin reaches its h ighest level in th e  w inter and spring, and 
so in the periods of increased oxygen requirem ents of the  organism . 
The num ber and size of ery throcytes are dependent on th e  age of 
anim als exam ined and on such physiological conditions as pregnancy 
and lactation. The num ber of erythrocytes of C. glareolus increases up 
to the 30th day of postnatal developm ent and though the ir d iam eter is 
sm aller, it is in the end responsible for a rem arkab le  increase in the 
to tal surface area of erythrocytes. This m echanism  m ay be regarded  
as one of the  essential processes providing a juvenile for com pletely 
independent w ays of living.

A com parison of the blood p ic ture of C. glareolus w ith those of other 
laboratory  Microlidae and th e  lack of differences in the m orphological 
indices of blood between the highland and low land populations of the  
bank vole suggest th a t th is species has better conditions of gaseous 
exchange than  m any other rodents. This fact seems to account, to a g rea t 
extent, for the  faculty  of C. glareolus for living in various environm ents 
and for its w ide range.
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I. INTRODUCTION

Haem oglobin, which plays so im portan t a role in the  process of resp ira tion  of an 
organism , has excited particu la r a tten tion  both of biologists and of physicians. 
Consequently, in the  opulent haem atological lite ra tu re  m uch attention  has been paid 
to th e  m orphological indices of blood w hich characterize its function. Investigators, 
above all, attem pted  to establish the  norm al values of these indices because of their 
g rea t im portance to m edical diagnoses as well as to the  characterization  of species. 
The resu lts of these studies, carried  out m ainly on labora to ry  anim als, have already 
been collected in m onographic w orks ( S c h e r m e r ,  1958; B a r a ń s k i  et aI., 1962; 
H e i n e c k e, 1962).

The values of blood indices determ ined for a species under laboratory  conditions 
on the  basis of m ateria l which is uniform  both genetically and in respect of age are 
na tu ra lly  adequate to only some of the com parative purposes. For this reason, many 
au thors investigated these indices on laboratory  anim als in the aspect of age and 
sex varia tion , taking into account th e  physiological conditions of anim als ( S m i t h ,  
1832; R o s a h n  et al.} 1934; B r u n e r  et al., 1938, A l p e r o v i c h ,  1939; G i ii n e- 
b e r g ,  1942; S t e w a r t  et al., 1944; D u v o 1 o n, 1947; G a r d n e r ,  1947a, b, c, d; 
de R o s a ,  1947; B i d d e r  & U n d r i t z ,  1948; K u n z e ,  1954; P u j m a n  et al., 
1955; S v i h l a  & B o w m a n ,  1955; S t e v e n s  & M a c k e n s e n ,  1958; S c h u l z  
& M u l l e r ,  1962; B o e g l e r ,  1963).

R elatively much attention  has been given to anim als of special economic 
im portance. Not only have the norm al values of the ir blood indices been established 
( F e r r a r a ,  1951; K o r z u e v  & G o  I’d f a r b ,  1954; B a r n e c k i  et al., 1960; S a i ­
g a  n s k a, 1962; M a z u r k i e w i c z ,  1966), but also the dependence of these indices 
upon the age of specimens under study ( C h e y m o l  & H e n r y ,  1947; N i k o  I s  k a ­
j a ,  1962; H o l m a n  & D e w ,  1964), the ir seasonal varia tion  (A k o p j a n, 1941;
5 a t a 1 i n a, 1946; B o n d a r e n k o ,  1952; V a s e n k o  et al., 1953; B a l b i e r z  et 
al., 1962; G o r o d e c k i j ,  1962) and varia tion  w ith  a ltitude  above sea-level (A r a v
6  M a r t y n o v a ,  1952, Z a h a r i a n, 1963) have been studied.

W ild-living rodents, an abounding group of m am m als w ith a w ide range of 
occurrence, are undoubtedly a good object for com parative studies. Knowledge of 
the blood indices associated w ith the function of haem oglobin in these anim als, 
which live under very various conditions and show g rea t differences in the ir biology, 
is especially im portan t to the studies on the  adaptive m echanism s in m am m als. 
L ite ra tu re  has already provided m any data obtained for adult rodents inhabiting 
d ifferen t regions ( L i e b  & W i l b e r ,  1954; M u s a c c h i a  et al., 1955; F o r e m a n ,  
1956 and others). Rodents which dwell in uplands claim  special attention  on
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accoimt of the specificity of the environm ent, characterized, above all, by a com pa­
ratively low p artia l p ressu re of oxygen.

C om parative studies of the blood indices of form s which occur only in the 
highlands and those living both in the highlands and in the low lands and observa­
tions on the changes in the blood pic ture of rodents from  the h ighlands transferred  
to the low lands and vice versa, as well as the experim ental data concerning the 
responses of some species to a decrease in the p artia l p ressure of oxygen, have 
already rendered  it possible to m ake some generalizations ( K a l a b u k h o v ,  1935, 
3 937; K a l a b u k h o v  & R o d i o n o v ,  1936; M o r r i s o n  et al., 1963a, b; M o r r i ­
s o n ,  1964).

K o r z u e v  (1964) m ade use of these data dem onstrating the role of haem oglobin 
in the evolution of anim als. O bservations on the developm ent of the  resp ira to ry  
function of haem oglobin in ontogenesis, m ade a t the sam e tim e and analysed by 
I r z a k  (1964), supply indispensable facts for contem porary evolutional analyses.

In extensive com parative studies conducted on w ild-living anim als, w hich are 
directly exposed to all sorts of changes taking place in their environm ent, it is 
especially im portan t to get know ledge of seasonal varia tion  of the blood indices 
ensuring a su itable intensity  of gaseous exchange to the  organism . In the  haem ato­
logical lite ra tu re  of th is problem  th e re  are, how ever, only few data on rodents 
( K a l a b u k h o v ,  1953; K o z a k e v i c ,  1959; S e a l a n d e r ,  1960; N e w s o n, 1962; 
N e w s o n  & C h i t t y ,  1962; K u n i c k i - G o l d f i n g e r  & K u n i c k a - G o l d -  
f i n g e r ,  1964).

Some of the anim als of this group have exceptionally wide ranges. The 
knowledge of adaptive mechanisms with which these anim als are pro­
vided m ay be helpful to explain the physiological sources of the evolu­
tionary  power of the species. The bank vole Clethrionomys glareolus 
(S c h r  e b e r, 1780), which inhabits both the lowlands and the highlands 
in Scotland and in Siberia, as well as in the Scandinavian, Apennine and 
Iberian  Peninsulas and in Asia Minor, seems to be a good object for such 
studies. The resp irato ry  function of haemoglobin, sensitive to changes in 
the environm ent and to different physiological conditions, can undoub­
tedly be a good indicator in determ ination of adaptive possibilities of the 
species.

In connection w ith  the above the objective of the present w ork was to 
exam ine the m orphological indices of blood, characterizing the function 
of haemoglobin in C. glareolus. The variation of these indices was traced 
in the postnatal developm ent and in the full annual cycle. In order to 
m ake a detailed in terp reta tion  of seasonal changes possible, the effect of 
tem peratu re  and day length upon the blood p icture was studied under 
laboratory  condition. The values of blood indices during pregnancy and 
lactation were established for females and the data obtained for highland 
and lowland populations of C. glareolus were compared. The bank vole 
has all the characters necessary to make it a good laboratory  anim al. For 
th is reason, the norm al range of fluctation of the blood indices which 
characterize the function of haemoglobin was determ ined for a laboratory
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colony of the bank vole. The norm al blood picture, defined on the basis 
of anim als living under unchanging laboratory conditions for m any 
generations, m ay be assum ed as a fiducial point for fu rth e r comparisons.

II. M ATERIAL AND METHOD

A total of 707 specim ens of C. glareolus w ere exam ined, of w hich 280 w ere 
derived from  several years’ rea rin g  in the  M am m als Research In stitu te , Polish 
Academy of Sciences, a t Białowieża. These anim als had been kep t in alm ost th e  
sam e therm al (18°C—20°C), hum idity  (70%>—80°/o) and ligh t (long day — about 
18 hrs) conditions for some dozen generations.

T heir m ain food, offered in excess, was oats; in addition they w ere given beets, 
carro ts, acorns and green p a rts  of plants. The bank voles w ere kep t in pairs  in 
cages w ith  m easurem ents of 15 cm X 25 cm X 40 cm, furn ished  w ith  a w ate r - 
fountain. The cages w ere litte red  w ith  pea t and had a separate  nest filled w ith  
hay.

In order to determ ine the norm al values of m orphological indices of C. glareolus 
under laboratory  conditions, 32 specim ens, 5—6 m onths old, w ere exam ined. The 
effect of pregnancy and lacta tion  upon these indices was studied on 20 fem ales and 
the  dependence of the Tdood p ic tu re  upon the  age of bank voles was m anifested  
using 228 anim als, 0—70 days old. O ut of the  427 free-liv ing  specim ens, 412 w ere 
collected in the  Białowieża N ational P ark , in the biotope Querco-car pine turn sta-  
chyetosum  R. Tx., and 15 in the  T a tra  Mts; 322 w ild-living bank voles from  B iało­
wieża w ere caught a t one-m onth in te rvals  (in the second week of each month) 
during the w hole annual cycle. N inety specim ens w ere taken  in au tum n and divided 
into 3 experim ental groups to determ ine the  influence of the  day leng th  and 
tem pera tu re  on the  blood indices. The T atra  specim ens w ere caught a t an a ltitude 
of 1750 m, in the  region of M orskie Oko Lake a t the  end of Septem ber and the 
beginning of October 1965 to com pare the ir blood indices w ith  the da ta  obtained 
for the  Białowieża population.

In th e  field, bank voles w ere caught in live -traps and brought to the laboratory  
once a day, in the  m orning. Blood was taken  from  the cervical vein of anim als 
anaesthesized w ith  ether alw ays betw een 9 a.m. and 11 a.m. to avoid differences 
which m ight have been caused by th e  daily varia tion  of some indices.

The haem oglobin content in 100 ml. of blood (g°/o) was exam ined using a Zeiss 
haem om eter. The num ber of ery throcytes in 1 cu.mm of blood was established by 
counting them  in 30 qu ad ra tes  of Thom a’s netw ork. On account of the ir large 
num bers the dilution was still w eakened by taking less blood by tw o-fifth  and this 
d ifference was m ade up in calculations. The diam eter of erythrocytes w as m easured 
w ith a Zeiss eye-piece m icrom eter on sm ears of blood stained by the  Pappenheim  
m ethod. The m eans obtained from  several series (50 m easurem ents in each) from  
the sam e prepara tion  did not d iffer significantly. H aving m ade a la rge num ber of 
such tests for d ifferen t groups of anim als under study, I established th a t it is 
enough to take  m easurem ents of 50 erythrocytes in each specim en to obtain the 
m ean w hich w ill well characterize the  average d iam eter of ery throcytes. The 
percentage num ber of cells w as determ ined using a m icrohaem atocrit in this 
m anner th a t blood was cen trifuged  in heparinized capillaries a t 6000 rpm  for 3 
m inutes. In addition, the form ulae given by W i n t r o b e  (1956) w ere used to 
calculate th e  m ean corpuscular haem oglobin (MCH), the  average volum e of red  
cells, the m ean corpuscular haem oglobin concentration (MCHC) and, a fte r finding
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that th e  d istribu tion  of m easurem ents of ery throcyte diam eters approxim ates to the 
norm al and the  anisocytosis is sm all, the  thickness of these cells.

The basis for an analysis of the resu lts obtained for all the groups of C. glareolus 
exam ined w ere the  m ean values of blood indices. The sets from  which these m eans 
were calculated  w ere characterized by the ir confidence intervals. An adequately 
narrow  confidence in terval indicates th a t the  num ber of anim als is sufficient and 
the m ean value rep resen ta tive  of the given group. The m eans w ere exam ined by 
S tudent’s t test. The norm al range of fluctuations of blood indices in laboratory  
anim als determ ined the confidence in te rval for p articu la r observations (x ±  r  • S). 
Analyses of th e  data from  the  annual cycles included com parisons of the m inim um  
and m axim um  values of indices, using Tukey’s te s t to find w hich of them  undergo 
seasonal fluctuations. The correlation between p articu la r blood indices exam ined 
and th e  age of bank voles was defined by draw ing regression lines. The significance 
of deviation of these lines from  the  axis represen ting  the  scale of age was checked 
by the t test.

III. NORMAL VALUES OF MORPHOLOGICAL INDICES OF BLOOD OF
C. G LA R E O LU S  AS COMPARED W ITH THOSE OF OTHER LABORATORY

M ICROTIDAE

M ean values of blood indices of C. glareolus were calculated separately 
for m ales and females. Since these values do not differ statistically, 
common m eans w ere found for laboratory bank voles irrespective of sex 
(Table 1). The small confidence intervals, not larger than the admissible

Table 1.
M orphological indices of blood of adult C. glareolus under laboratory  conditions.

(Mean values and confidence intervals).

I n d a x I U 1 4 3
/ a  » 1 6 /

F e m a l e s
/ n  -  1 6 /

H a l e s  <1 
F e m a l e s  

/ n  -  3 2 /

P r e g n a n t
f e m a l e s
/ n  = 1 0 /

D l f f . 
4 : 2

L a o t a t i n g  
f e m a l e s

/ a  = 1 0 /
D l f f .
6 : 2

1 2 3 4 5 6 7

Hb. g% 1 7 . 2  » 0 . 9 17 .  1 » 0 . 7 1 7 . 2  » 0 . 3 16. 0  » 0 .  4 + 1 5 . 7  + 0 . 9 +

RBC, m i l l i o n 1 2 . 4 2  » 0 . 6 9 1 2 . 6 7  » 0 . 7 0 1 2 .  55 » 0.  47 10.  52 » 1.  30 9 . 7 7  + 0 . 9 9 ♦

MCH, 8 8 14 .  0  » 0 .  5 1 3 . 6  » 1 . 0 1 3 . 8  » 0.  5 1 5.  4 » 1 . 2 1 6 . 2  » 1 . 0

H a e r a a t o c r l t  i 47 .  3 + 1 . 4 4 6 . 4  » 1 . 8 4 6 . 8  » 1 . 4 4 2 . 0  » 3 . 2 42 .  0 + 2 . 8 ' +

RBC Dlam. 5 . 1 1 »  0 . 1 0 5. 08 + 0.  10 5. 1 0 » 0. 11 5. 21 + 0.  16 5. 34 » 0.  16 ♦

RBC V o l . 3 8 . 4  » 2 . 0 3 6 . 8  » 2 . 1 3 7 . 6  » 1 . 5 4 0 .  4 + 2 .  8 - 43 .  5 » 4 . 0

RBC
T h l o l c n e s s 1 . 8 8  » 0.  10 1 . 8 2  » 0.  09 1 . 8  5 » 0.  07 1. 91 » 0 . 1 0 - 1. 94  » 0 . 1 8 *

MCHC $ 3 6 . 4  » 1 . 3 37.  0 » 1 . 3 3 6 . 7  » 0 . 9 38.  1 » 2 . 0 - 3 7 . 4  » 2 . 2 -

m easuring and calculation errors, give evidence of little  individual varia­
tion of the values exam ined and allow us to consider the m eans to be re ­
p resentative of the  laboratory bank voles. I t  was found th a t the aniso­
cytosis was sm all and the d istribution of m easurem ents of the erythrocyte 
diam eters approxim ated to the norm al (Fig. 1). Thus, the average
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thickness calculated for a blood cell is not charged w ith a great error. 
This analysis perm its the determ ination (by the form ula x +  r • S) of the 
norm al range of fluctuations of the blood indices for this species (Table 2).

A comparison of these data with the values of indices obtained for 
other laboratory Microtidae (Table 2) leads to the statem ent tha t C. gla- 
reolus has a significantly higher haem atocrit and haemoglobin level 
than the European pine vole Pitym ys subterraneus (de S é l y s  L o n g -  
c h a m p s ,  1835) and Lagurus lagurus ( P a l l a s ,  1773). Both these indices 
of the bank vole come near in m agnitude to those found in the field vole 
Microtus agrestis ( L i n n a e u s ,  1761) and the common vole Microtus 
arvalis ( P a l l a s ,  1779) (Tables 2, 3). The nearly  equal MCHC  in all the

Fig. 1. Anisocytosis curves for selected age groups of C. glareolus.
1 — 0—1 day, 2 — 4—6 days, 3 — 30—32 days, 4 — 5—6 m onths (standard).

Microtidae pu t to interspecific comparisons indicates th a t there is 
a d irectly  proportional relation betw een the value of haem atocrit and 
the Hb content in 100 ml. of blood. The sim ilarity  of haem atocrit in 
C. glareolus and M. arvalis results from the sim ilar num ber and size of 
their erythrocytes. There is no statistically  significant difference between 
the MCH-s  of these two species. Instead, the identical haem atocrit in 
C. glareolus and M. agrestis are brought about by the sm aller num ber 
of erythrocytes per 1 cu. mm of blood of the la tte r  and the larger average 
RBC  volume owing to their actually  larger thickness. The low er value 
of MCH  in C. glareolus than in M. agrestis is due to these correlations. 
The larger diam eter and, w hat follows, the larger volume of erythrocytes



V ariation of blood indices in C. glareolus 197

in the European pine vole than in the bank vole account for the higher 
value of its haem atocrit w ith the subequal num ber of blood cells in both 
these species. This is also why the MCH of C. glareolus is larger than 
that of P. subterraneus. However, the h igher value of haem atocrit in 
the bank vole than in Lagurus lagurus m ust be explained, above all, by 
the larger num ber of erythrocytes, because their diam eters and th ick­
nesses do not differ significantly in these species. The difference between

Table 2.
Normal range of fluctuations in blood indices of C. glareolus and o ther laboratory 

Microtidae (* acc. to K o s t e i e c k a - M y r c h a ,  1966a).

I n d e x
C le th r io n o m y s  

g l a r e o l u s  
/ n  -  3 2 /

M lc r o tu s  
a g r a s t i s  
/ n  -  3 0 /

M lo ro tu a  
a r v a l l s  
/ n  = 2 7 /

P i tym y s  
s u b t e r r a n e u s  

/ n  =• 3 0 /

L a g u ru s  
l a g u r u s *  
/ n  = 4 2 /

Hb. g4 1 7 .2  + 1 . 3 1 6 .8  + 1 .8 1 6 .0  + 4 .3 1 6 .0  + 1 . 9 1 4 .8  + 3.1

RBC, m i l l i o n 1 2 . 5  + 2 . 5 1 1 . 3  + 2 .2 11-9  + 3 . 5 13. 0 + 2 .1 1 1 . 6  + 2 .1

mch , a 1 3 . 8  + 2 . 9 1 4 .9  + 3 . 0 1 3 .7  + 4.1 1 2 .3  + 1 . 4 1 2 .8  + 2 . 9

H a e m a t o c r i t  4 4 6 . 8  + 7 . 3 4 6 . 3  + 7 . 6 44 .2  + 9 . 7 4 3 .9  + 8 . 5 4 1 .7  + 7 . 3

RBC Dlam. /x 5 .1 0 +  0 .2 5 .04+  0 . 3 5 .10+  0 . 3 4 .8 7 +  0 . 4 5 .08+  0 .4

RBC Vol.  /x. ^ 37. 6 + 7 . 8 41 .1  + 7 . 9 3 7 .7  + 1 2 . 0 3 3 .7  + 7 . 4 3 6 . 0  + 5 . 3

RBC T h i c k n e s s  ^x 1 .8 5 +  0 .4 2 .07 +  0 . 5 1 .50+  1.1 1 .8 1 +  0. 4 1 .79+ 0 . 4

MCHC 4 3 6 . 9  + 4 . 9 3 6 .3  + 5 . 5 3 6 .6  + 6 . 5 3 6 . 6  + 5 . 6 3 5 .8  + 3 . 4

Table 3.
Com parison of the values of blood indices in C. glareolus w ith  those in other

laboratory  Microtidae.

S p e c i e s Hb.
g4

RBC
m i l l i o n

MCH
n

H aeoa-
t o o r i t

%
RBC 

Dlam. p .
RBC ,  

Vol.  jj.

RBC
T h ick n es s

M-

MCHC
4

M. a g r a s t i s  

M. a r v a l l s  

P. s u b t e r r a n e u s  

L. l a g u r u s

*+

+

+

+

+

+

+

+

+*

+

+

+

+ 
+ 

I 
+ +

-

4- =  sta tistica lly  significant, — =  statistically  not significant, *) a t 0.01 differences
not significant.

the volumes of ery throcytes m ay resu lt from an erro r w ith which all the 
indices calculated, and not m easured directly, are undoubtedly charged. 
The MCH has also a h igher value in C. glareolus than  in L. lagurus.

To sum up, the bank vole as compared w ith other Microtidae is 
characterized by a h igher level of haemoglobin and, a t the same time, 
has as large an RBC  num ber as P. subterraneus has but the diam eter of
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ery th rocy tes of the form er is larger, as large as th a t in the rem aining 
species examined. Thus, the m orphological p icture of blood shows th a t 
C. glareolus has exceptionally good conditions, which enable it to m ain­
tain  the function of haemoglobin a t a relatively  high level under lab o r­
a to ry  conditions.

, IV. BLOOD INDICES DURING PREGNANCY AND LACTATION

Ten laboratory  fem ales in the final stage of pregnancy (19th—21st 
day) and 10 others during the firs t 4 days of lactation were exam ined 
(Table 1, lines 4 and 6). The values of all the blood indices in both these 
groups do not show any statistically  significant differences. The con­
fidence in tervals are larger than  those calculated while the norm al 
varia tion  of blood indices was being determ ined, bu t they  seem suffic­
ien tly  sm all for the m eans to be compared. The small anisocytosis (Fig. 2)

Fig. 2. Anisocytosis curves of pregnant (1) and lacta ting  (2) fem ales of C. glareolus.

allows the calculation of the thickness of blood cells on the basis o f 'th e ir 
average diam eter. The haem atocrit and the  level of haemoglobin in 
p regnan t and lactating fem ales have sta tistically  significantly  lower 
values than  the standard  value established (Table 1). These values drop 
proportionally  to each other, as evidenced by  the value of MCHC, which 
does not d iffer from  the standard. The low er value of haem atocrit in 
the  fem ales examined is caused by a considerable decrease in the num ber 
of erythrocytes per 1 cu. mm of blood, because the diam eter of e ry th ro­
cytes is significantly larger and even brings about a statistically  signi­
ficant increase in the average RBC  volume. The num ber of erythrocytes 
decreases so much th a t despite the sim ultaneous lowering of the haem o­
globin level the value of MCH  is significantly h igher in p regnant and 
lactating  females than  the standard. Thus, we m ay assume th a t in the
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final period of pregnancy and during the firs t days of lactation the 
morphological picture of blood in female C. glareolus shows changes, 
which contribute m uch to the reduction in the function of haemoglobin.

V. VARIATION OF MORPHOLOGICAL INDICES OF BLOOD IN THE 
POSTNATAL DEVELOPMENT

The highest level of haemoglobin was found in new ly born anim als 
(Fig. 3). It, however, begins to lower a t once and reaches its m inim um  
as early  as the 6th or 7th day. Then the Hb content per 100 ml. of blood 
increases up to about the 30th day of life. From  th a t m om ent onwards, 
this index does not change with age of anim als any more. The drop in 
the Hb level, taking place from  the 2nd to the 7th day of life, proceeds 
much m ore rapidly  than  the following rise, which takes m ore than  
20 days and does* not reach such values as are observed im m ediately 
after b irth .

Fig. 3. V ariation in the  Hb content (g/100 ml.) during th e  postnata l developm ent
of C. glareolus.

The variation of the values of haem atocrit in the postnatal develop­
m ent of C. glareolus presents itself quite sim ilarly  (Fig. 4). This value is 
also established about the 30th day and, though it is also low er than  tha t 
found a fte r b irth , ye t it does not differ from  this last significantly 
(Tables 4 and 5). Generally, however, the variation  of the haemoglobin 
level and haem atocrit are d irectly  proportional. Owing to th is the 
MCHC  does not practically  change throughout the life of anim als under 
study  (Fig. 5, Tables 4 and 5).

The num ber of erythrocytes decreases during the firs t days of the 
postnatal developm ent, then it increases up to the 30th day not to change
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Fig. 4. V ariation in the value of haem atocrit during the  postnatal developm ent of

age
Fig. 5. V ariation of MCHC during the  postnatal developm ent of C. glareolus.

with age any  more (Fig. 6). The initial drop in the RBC  num ber, though 
sta tistically  significant, is not very  great compared w ith the rise which 
follows it (Tables 4 and 5). As the RBC  d iam eter also decreases a t the 
same tim e (Fig. 7), the very  great decrease in the haem atocrite is 
quite natu ra l. The relatively intense increase of this index in the next 
period, lasting up to about the 30th day of postnatal developm ent, is 
brought about by a very  great rise in the num ber of erythrocytes, 
because a t the same time their diam eter decreases. A pproxim ately from 
the 30th day the RBC  d iam eter does not change any m ore (Tables 4
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Table 4.

M orphological indices of blood for selected age groups of C. glareolus. (Mean values
and confidence intervals).

l a i n
Af#  / I n d a y « /

0 -  1
/ f t  = 2 2 /

4 - 6
/ a  -  10/

30  -  32 
/n -  7 /

68  -  70
/ n  -  1 0 /

Hb. f t 20 .  0 + 2 .  0 1 3 . 0  + 1 . 2 16 .  4 + 0 .  8 1 6 . 7  + 1 . 0

Rf l C, a i l l i e n 5. 33  + 0.  38 4 . 1 2  + 0.  61 1 0 . 9 3  + 0 . 8 9 1 1 . 5 2  x  0 .  91

MCH, Hi 3 7 . 6  + 4.  9 1 5 . 0  + 1 . 5 1 4 . 6  + 0 . 9

H u s a a t o c r i t  $ 4 9 . 6  + 3 . 5 3 2 . 3  + 5 . 0 4 6 . 3  + 3 . 3 4 5 . 9  + 3 . 3

RBC D l a a .  u 7 . 1 3  + 0 . 1 2 5 . 2 2  + 0 . 2 4 5 . 1 1  + 0 . 0 4 .

RBC V o l . ; u . 3 9 3 . 6  + 6 . 0 4 2 . 5  + 2 . 2 4 0 . 1  + 2 . 9

RBC T h i c k n e s s  u. 2 . 3 3  + 0 . 1 2 1 .  97 + 0. 1 5

MCHC * 3 8 . 2  + 0 . 9 3 6 . 6  + 2 . 1

Table 5.

Com parison of the values of blood indices of the selected age groups of C. glareolus.

+ =  sta tistica lly  significant, — =  statistically  not significant, I — 0—1 day, II — 
4—6 days, III — 30—32 days, IV — 68—70 days, V — 5—6 m onths (standard).

A ire groups 
comparod:

Hb.
g *

RBC
m ill io n MCH

Haema-
t o o r l t

*

RBC
Dlam.^u.

RBC
Vol.
A 3

RBC
Thickness

M-
MCHC

*

I  -  I I + + +

I I  -  I I I + + +

I  -  I I I + + + - + +

I I I  -  IV - - - - - -

IV  -  V - - - - - - - -

and 5). Anisocytosis, generally small in C. glareolus, becomes very  small 
from  th a t moment (Fig. 1). The average volume of ery throcytes changes 
very  sim ilarly  to their diam eter (Fig. B, Tables 4 and 5), because the 
thickness of erythrocytes, which undergoes no sta tistically  significant 
changes w ith age (Fig. 9, Tables 4 and 5), cannot m odify the value of this 
index. As a result of the above-presented correlations, the MCH  d e ­
creases to about the 20th day of postnatal developm ent, then it soon 
becomes established and does not change in the next period (Fig. 10, 
Tables 4 and 5).
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.Fig 6. V ariation of the num ber of erythrocytes per 1 cu.mm of blood during the 
postnatal developm ent of C. glareolus.

Fig. 7. V ariation  of the m ean diam eter of erythrocytes during th e  postnatal devel­
opm ent of C. glareolus.
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Fig. 9. V ariation of the average thickness of ery throcytes during the  postnatal
developm ent of C. glareolus.

Fig 10. V ariation of MCH during the postnatal developm ent of C. glareolus.

A part from  the fact tha t postnatal anaem ia was observed in some 
dozens of bank voles — it was sym ptom atized, above all, by a rapid 
lowering of the level of Hb — it m ay be stated th a t the changes which 
occur in the postnatal developm ent of this species and resu lt in an in­
crease of the total surface area of erythrocytes enhance the function of 
haemoglobin.
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As the data arranged separately for either sex showed that the varia­
tion of the morpholocigal p icture of blood w ith age presents itself 
identically for males and females of C. glareolus, all the resu lts were 
analysed together irrespective of the sex of specimens.

VI. SEASONAL VARIATION '

Studies were carried out from June 1964 to June 1965. The results 
presented in this paper make it possible to disregard the age of specimens 
exam ined in the analyses of seasonal variation in the morphological picture 
of blood of C. glareolus. On the other hand, pregnant and lactating 
fem ales, which would have lowered the values of indices significantly 
in spring and summ er, were excluded from the m aterial for study. The 
resulting  unequal sex composition of the samples exam ined did not in­
fluence the results obtained, because C. glareolus does not show sexual 
dim orphism  in the m orphological p icture of blood. No statistically 
significant differences were also found betw een the active and inactive 
m ales caught in February—M arch 1965.

The confidence in tervals calculated for each index and each month 
indicate tha t the num ber of specimens was sufficient for us to regard 
the m onthly m eans as representative (Table 6).

Sm all anisocytosis and the distribution of RBC  d iam eter in animals 
from  particu lar m onths (Table 7), approxim ating to the norm al, allowed 
the use of the average size of blood cells to calculate o ther indices.

A comparison of the m inim um  and m axim um  values of each index 
shows tha t only the thickness of erythrocytes and the MCHC  are un­
changeable in the annual cycle. The lowest level of haemoglobin and the 
sm allest haem atocrit are observed in August. In the au tum n the values 
of both these indices increase. In the w in ter the quan tity  of Hb and 
haem atocrit m aintain their high values and in the spring th e ir further 
grow th takes place till they reach their m axima in April (Fig. 11). Owing 
to the parallel course of changes in the quan tity  of Hb and the value of 
haem atocrit, the MCHC  does not fluctuate in the annual cycle 
significantly (Fig. 11). The fluctuations of haem atocrit resu lt frcm 
seasonal changes in the RBC  num ber and RBC  d iam eter, because the 
thickness of these blood cells shows no statistically  significant differences 
in the annual cycle (Fig. 12). The sm allest num ber of ery throcytes per 
1 cu. mm of blood occurs in June (Fig. 13). It increases during  the next 
m onths to reach the m axim um  in December, keeps this high value till 
spring, when it begins to drop from March, and arrives a t its minimum 
in June. In the course of seasonal changes in the num ber of erythrocytes 
a tten tion  is a ttrac ted  by the fact that this num ber is inversely  propor­
tional to the seasonal fluctuations of tem peratu re  (Fig. 13). The fluctu-



Table 6.

Seasonal variation  of m orphological indices of blood in C. glareolus. (Mean values
and confidence intervals).

Year ¡.'onth .'I Hb• g * R3C ■nllllon MCH Haem atocrit 4- RBC Dlam /“ ■ RBC Vol. RBC 
Thicknes3 jut. MCHC *

VI 20 19 .6 c 5 1 0 13 0 61 19 5 + 0 e 50 4 1 6 5 31 + 0 11 50 4 + 3.4 2.27 + 0 16 33 .8 + 1 0
V II 27 13 5 1 1 0 11 39 + 0 72 16 4 + 0 6 47 2 + 2 O 5 27 + 0 14 42 0 + 2 5 1.93 + 0 11 39 3 1 7
V I I I JO 15 8 + c 3 1C 87 ± C 57 14 6 + 0 6 44 1 * 1 4 5 16 + 0 05 40 9 + 2.3 1 70 -*• 0 39 35 8 0 6

1964 IX 25 17 2 0 5 12 13 + 0 57 14 3 i 0 3 4o 3 0 4 5 30 0. 09 40 6 + 2 0 1 66 + 0 13 35 3 + C 8
X 25 13 6 + 0. 7 13 00 + 0 65 1 i 4 + 0 6 50 6 + 1 7 5 09 + 0. 04 39 3 + 1 4 1 93 + 0 11 36 8 + 1 2

XI 22 13 9 1. 0 13 81 + 0. 64 13 8 + 0 6 51 4 + 1 8 5. 33 + 0. 06 37. 4 + 1 3 1 69 + 0. 04 36 9 1 1
X II 14 19 8 1. 0 14. 02 0. 83 14 1 + 0. 9 52. 5 + 2 4 4. 87 + 0. 12 37. 6 + 1 2 2 03 + 0. 12 37 6 £ 0 9

I 30 19. 2 * 0. 5 13. 49 + 0. 50 14. 3 + 0. 3 51. 7 + 1. 1 5. 15 0. 09 38. 6 + 1 6 1 85 + 0. 10 37. 1 + 1. 2
I I 19 19. 2 + 1. 1 14. 08 + 0. 98 13. 7 + 0. 8 53. 1 + 2. 7 5. 11 + 0. 07 38. 0 + 2 0 1 86 + 0. 10 36. 1 4. 1

1965
I I I 30 20. 4 + 0. 7 13. 67 - 0. 61 15. 1 ±- 0. 4 52. 8 + 1. 0 5. 14 1 0. 09 38. 8 1 5 1. 88 i 0. 05 38. 8 ± 0. 7
IV 29 21. 2 + 0. 8 12. 85 1 0. 66 16. 6 + 0. 8 53. 3 + 1. 8 5. 26 + 0. 09 42. 0 + 1 6 1. 94 + 0. 10 39. 6 1. 0

V 27 19. 2 + 0. 3 12. 36 + 0. 65 15. 7 ± 0. 5 51. 3 + 1. 3 5. 37 ± 0. 07 42. 0 + 2 1 1. 86 + 0. 06 37. 6 + 0. 7
VI 24 17. 7 + 0. 8 ^ 10. 86 + 0. 55 16. 4 + 0. 3 47. 9 + 1. 3 5. 51 + 0. 13 44. 5 ± 1. 6 1. 87 + 0. 06 37. 0 + 0. 9
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Table 7.
Seasonal variation  of the d istribution  of ery throcyte diam eters (in °/o).

Months 3 . 5 0  -  1

I| 
I Oo-* 4.  50 - 5 . 0 0  - 5 . 5 0  - 6 . 0 0  - 6 . 5 0  -

VI 1 . 0 1 8 . 5 4 7 . 7 2 5 . 7 6 . 6 0 . 5
VII 0.1 2 . 5 1 9 . 9 52 . 2 2 1 . 5 3 . 8
VIII 2 . 5 2 6 . 0 5 3 . 5 1 7 . 2 0 . 8

1964 IX 1 . 6 4 . 5 1 3 . 6 44.1 2 6 . 9 8 . 1 1 .1
X 3.1 3 2 . 9 5 1 . 0 12.1 0 . 9
I I 1 . 4 1 3 . 9 4 9 . 9 3 0 . 4 4 . 2 0 . 2

XII 0 . 4 1 3 . 4 4 4 . 8 38. 1 3 . 3

I 1 . 5 2 9 . 7 5 5 . 0 13.1 0 . 6

I I 1 . 4 2 8 . 2 5 9 . 4 10 . 7 0 . 2
I I I 1 . 0 3 0 . 4 57 . 6 10 . 2 0 . 7

1965 IV 0 . 9 17.1 5 8 . 9 2 1 . 4 1 . 7
V 7..* 5 3 . 0 3 5 . 6 3 . 5
VI 0 . 4 6.1 41.  0 3 6 . 2 1 3 . 7 2 . 5

1964 * 1965

Fig. 11. Seasonal variation  of blood indices in C. glareolus.
1 — Hb content, 2 — haem atocrit, 3 — MCHC.

ations of the diam eter of blood cell proceed contrariw ise, i.e., they are 
the sm allest in December and the largest in June  (Fig. 12). The length of 
day seems to play a decisive role in the controlling of this process. The 
changes in the average volume of blood cells proceed in a sim ilar 
m anner, because statistically  they are dependent only upon the changes 
in the  d iam eter (Fig. 12).
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fiCH

Fig. 12. Seasonal variation  of blood indices in C. glareolus.
1 — diam eter of erythrocytes, 2 — volum e of erythrocytes, 3 — thickness of

erythrocytes, 4 — MCH.

1964 1965

Fig. 13. Seasonal fluctuation of the num ber of ery throcytes per 1 cu.mm of blood 
of C. glareolus (1) and th a t of am bient tem pera tu re  (2).

The m inim um  value of haem atocrit, which occurs in August, may 
thus be explained by the fact th a t the num ber of erythrocytes, though 
being on the increase, is still com paratively small and at the same time 
the average volume of particu lar erythrocytes decreases rem arkably  as 
compared w ith its June  value. The fu rth e r decrease in the volume of 
ery throcytes proceeds less intensely, w hereas the ir num ber increases
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very  distinctly, which brings about a rise in the haem atocrit value. The 
spring growth of this index is due to the still large, though a lready  de­
creasing, num ber of erythrocytes and their d istinctly  larger volume. 
Next, in spite of the fu rth e r growth in size o£ the blood cells, the value 
of haem atocrit drops rapidly, because the num ber of cells decreases 
rapidly. As a result of all these changes, the M C H  is highest in June; 
then it decreases to reach the m inimum  in the w in ter and begins to rise 
again in the spring (Fig. 12).

On the basis of the here presented correlations it m ay be stated  that 
the relatively  large content of Hb  in blood and the very  large total 
surface of erythrocytes ensure the high level of haemoglobin function 
indispensable to C. glareolus in the w inter. On the o ther hand, in the 
spring the quan tity  of haemoglobin still increases and despite the some­
w hat sm aller num ber of erythrocytes the haem atocrit is proportionally  
larger, owing to the increase in size of RBC.

VII. THE EFFECT OF DAY LENGTH AND TEMPERATURE ON THE 
MORPHOLOGICAL PICTURE OF BLOOD

The anim als collected in the Białowieża National Park  tow ards the 
end of Novem ber 1964 w ere divided into 3 groups, containing 30 
specimens each, and kept in pairs in cages under d ifferent therm al and 
light conditions. They were all offered the same food in excess. Group A

Table 8.
M orphological indices of blood of C. glareolus under d ifferent therm al and light 
conditions (Mean values and confidence intervals). A — 0°C, 6-hour day, B — 22°C, 

6-hour day, C — 22°C, 18-hour day.

In d e x A / n  » 3 0 / B / n  •  3 0 / C / n  -  3 0 /

Hfc. K * 1 8 .3  + 0 . 1 1 7 .6  + 0 . 5 1 8 .4  + 0 .6

RBC, f e l l l l o n 14 .11  + 0 .5 6 1 3 .0 9  + 0 .5 0 1 2 .9 9  + 0 .7 0

MCH, 1 3 .1  + 0 . 5 1 3 .5  + 0 .9 1 4 .2  + 0 . 6

H a e m a to c r i t  * 4 9 .5  + 1 .3 4 8 .8  + 1 .5 50 .1  + 1 . 5

RBC D lan . A 4 .5 9  + 0 .0 9 4 .6 3  + 0 .0 8 4 .8 4  + 0 .1 2

RBC V ol. / i 3 3 5 .4  + 1 .4 3 7 .5  + 1 . 4 3 8 .3  + 1 . 7

RBC T h lo k n eas  ju . 2 .1 5  + 0 .0 8 2 .2 3  + 0 .1 0 2 .0 9  + 0 .1 0

MCHC * 3 7 .0  + 0 . 5 3 6 .2  + 0 . 6 3 6 .6  + 1 ,1

was kept in an insulated room at a constant tem perature  of 0°C. The 
day length was shortened by degrees from 8 to 6 hrs. Group B  first 
stayed a t a room tem peratu re  for a few days and next the anim als were 
moved to a room in which the constant tem perature  of 22°C was m ain­
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tained. The day length was shortened as for group A.  Group C — after 
a few initial days — was also placed a t a tem perature of 22°C, but the 
day length was gradually  lengthened up to 18 hrs. The anim als were kept 
under so d ifferentiated  conditions for 10 weeks.

The confidence intervals indicate th a t the num ber of specimens was 
large enough for carrying out an analysis of differences between the 
mean values of particu lar blood indices (Table 8). The anisocitosis curves 
allow the use of the average R B C  diam eter to calculate their thickness 
(Fig. 14).

The haemoglobin content of the blood of anim als belonging to groups 
A  and C is equal and relatively  high (Table 8). If the conditions under 
which group A  was kept m ay be defined as w in ter conditions and the 
long day and high tem peratu re  which acted on the anim als of group C

Fig. 14. Anisocytosis curves for C. glareolus under d ifferent therm al and light 
conditions. 1 — group A, 2 — group B. 3 — group C.

regarded as corresponding to sum m er conditions, then it should be 
stated tha t the blood picture in both groups agrees w ith field observa­
tions. The inverse ratio  of the num ber of erythrocytes to their average 
volume accounts for the value of haem atocrit, which is subequal in all 
these groups of animals. This relation is not, however, complete, since 
the differences betw een the values of haem atocrit, though statistically  
not significant, are great and corresponding to the differences in the H b  
content to the ex ten t tha t the M C H C  is alm ost equal in the anim als of 
these groups (Table 9). We should take a sim ilar view of the average 
thickness of erythrocytes, which is alm ost the same in the three groups 
and is not w ithout effect on R B C  volume. This is m anifested by the 
difference in R B C  volume between group A  and group B , whereas R B C
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diam eters are similar, and by the lack of such a difference between group 
B and group C, which have d ifferent diam eters of erythrocytes.

Most significant inferences arise from the consideration of differences 
in num ber and diam eter of erythrocytes between the groups exam ined. 
The num ber of erythrocytes is alm ost equal only in the anim als kept at 
the same tem peratu re  irrespective of day length. On the other hand, only 
the bank voles exposed to the action of days having identical lengths 
have nearly  equal diam eters of erythrocytes, which is independent of the

Table 9.
Com parison of the values of blood indices obtained for 3 experim ental groups. 
+ =  sta tistica lly  significant, — =  statistica lly  not significant, A — 9°C, 6-hour day, 

B — 22°C, 6-hour day, C — 22°C, 18-hour day.

Groups Hb.
g*

RBC
m ill io n MCH

Vi
Haena-
t o c r l t

*

RBC
Diam.

M-

RBC
Vol.

RBC
Thickness

/“•

MCHC

A -  B + + - - - + - -

A -  C - - + + - -

B -  C + - - - + - - -

fact w hether the tem peratures are  the same or not (Table 9). These data 
suggest tha t the mechanism  observed in the annual cycle is controlled 
by day length, which has an effect on the size of erythrocytes, and by 
tem perature , which is responsible for their num ber.

VIII. M ORPHOLOGICAL INDICES OF BLOOD OF A HIGHLAND POPULATION

The m ateria l was collected in the region of the upper boundary of the 
range of C. glareolus in the T atra  Mts. and for th is reason it is relatively 
poor. A fter all, the confidence in tervals (Table 10), which are not very  
large, allow a statistical analysis of the mean values of blood indices. 
Sm all anisocytosis (Fig. 15) authorizes the calculation of the average 
thickness of erythrocytes.

As the bank voles were investigated in the m ountains a t the end of 
Septem ber and at the beginning of October, the mean values of their 
indices were compared w ith  the corresponding data for the Białowieża 
bank voles (Table 10). It is notew orthy tha t the m ean tem perature  of 
these m onths at Białowieża approxim ates much to the tem pera tu re  in the 
region of M orskie Oko Lake during the catches.

The level of Hb of highland specimens is higher than in the  Białowie­
ża bank voles from Septem ber, bu t alm ost equal to and even somewhat 
lower than  in the lowland specimens in October. The d iam eter of ery ­
throcytes in the Tatra population is significantly sm aller than  in the Bia-
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łowieża specimens in Septem ber, but larger than in these last specim ens 
l'rom October. The other indices of highland bank voles do not differ 
from the corresponding values obtained for the Białowieża population in

Table 10.
Com parison of the mean values of blood indices lor highland and low land popula­

tions of C. glareolus.
+ =  statistically  significant. — =  sta tistica lly  not significant.

L c o n l i t r  i  Month
1

T a tr j  IX/X
2

B ia łow ieża
IX

3
D l f f .  IX 

142

4
B ia łow ieża

X

5
D l f f .  X

1 :2

Hb. g i 18. 5 + 0 .6 17-2 + 0.5 + 18.6 + 0 .7 -

RBC, m ill io n 12.53 + 1.15 12.13 + 0. 57 - 13.00 + 0.65 -

MCE, XX 1 5.1 + 1.1 14.3 + 0.0 - 14.4 + 0 .6 -

H aom otoorlt $ 50.5 + 1 .9 48. 8 + 0. 4 - 50.6 + 1 . 7 -

RBC Dlaa. yu. 5.20 + 0.17 5.30 + 0.09 ♦ 5.09 t  ° - ° * +

RBC V o l.A o 3 41.4 + 3 . 7 40.6 + 2 . 0 - 39.3 + 1 . 4 -

RBC Thloknoaa yx 1.95 + 0.15 1.86 + 0.13 - 1.93 + 0.11 -

MCHC * 36.5 + 1 . 2 35.8 + 0 . 8 _ 36.8 + 1.2 _

Fig. 15. Anisocytosis curve for highland C. glareolus.

Septem ber and October. Therefore, it m ay be stated tha t the m orpho­
logical picture of blood in C. glareolus living in the m ountains at an 
a ltitude  of 1750 m does not d iffer significantly from the blood picture 
of specimens inhabiting the lowlands (170 m a.s.l.).
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IX. DISCUSSION

In view of the rearing prospects of bank voles it would be instructive 
to compare the blood indices of this species w ith the data for o ther 
laboratory rodents. However, the ununiform  conditions of rearing, 
d ifferent m ethods of study adopted by different w orkers and, above all, 
the lack of full descriptions concerning the m orphological blood indices 
associated w ith the function of haemoglobin make such comparisons 
difficult. Nevertheless, it can be established on the basis of the data 
obtained by different authors for the laboratory mouse that the num ber 
of its erythrocytes is about 10.000,000 and the haemoglobin content does 
not exceed 16 g. per 100 ml. of blood ( B a r a ń s k i  et al., 1962; H e i ­
n e  c k e, 1962), The haem atocrit of the white mouse, sim ilar to th a t of 
laboratory C. glareolus, results thus from the larger size of its e ry th ro ­
cytes. This undoubtedly enables the bank vole to m aintain  the function 
of haemoglobin a t a higher level than in the w hite mouse. This difference 
m ight be explained by the fact that under the conditions of still rela tively  
short laboratory rearing C. glareolus kept a high level of metabolism, 
characteristic of free-living animals. However, the data for the wild 
house mouse ( L a n g e ,  1919), sim ilar to those observed in laboratory  
w hite mice, indicate tha t the differences found are for the most part 
interspecific ones.

Laboratory ra ts  have still few er erythrocytes per 1 cu. mm and less 
haemoglobin per 100 ml. of blood. The RBC diam eter is 6.3 ¡u (G a r  d n e r, 
1947a; P u j m a n  et al., 1955) and so it is 1 ,u longer than the standard  
diam eter in C. glareolus. N evertheless, the haem atocrit of the ra t is 
lower, which emphasizes the  physiological significance of the small 
num ber of erythrocytes in th is species.

The ham ster Mesocricetus auratus  W a t e r h o u s e ,  1839 ( S t e w a r t  
et al., 1944) again has its level of Hb and haem atocrit sim ilar to those 
in C. glareolus. However, the RBC  num ber, as low as in the rat, w ith  the 
d iam eter of erythrocytes longer by about 1.5 ¡a than in the bank vole, 
causes th a t their total surface area in the ham ster is m uch sm aller than 
th a t in C. glareolus.

The guinea pig has about 5.000.000 erythrocytes in 1 cu. mm of blood 
and its haemoglobin content ranges from about 13 to 14 g% (B i 1 b e y 
& N i c o 1, 1955; G a r d n e r ,  1947d). These values are therefore lower 
than  those for all the species discussed above.

No doubt, the foregoing divergences m ust be ascribed to the differences 
in activ ity  between the m em bers of these species, and so to the varied 
levels of their metabolism, depending on their body size. It seems natu ra l 
th a t the correlations betw een the morphological indices of blood 
describing the function of haemoglobin, which is d irectly  involved in



V ariation of blood indices in C. glareolus 213

metabolic processes, are also subordinated to this regularity . An analysis 
of the norm al blood picture of laboratory  C. glareolus revealed that this 
species has a h igher level of haemoglobin and a larger total surface area of 
erythrocytes than other Microtidae examined under the same conditions 
( K o s t e l e e k a - M y r c h a ,  1966a). The species under discussion do 
not differ in size from  the bank vole to the ex ten t that these differences 
m ay account for its higher level of Hb function. For this reason the 
coincidence of the advantageous conditions of gaseous exchange, char­
acteristic of C. glareolus, w ith the extensive range of this species and its 
capability  of living in very  differentiated  environm ents does not seem 
to be incidental. ’

The norm al range of variation of the blood indices in C. glareolus, 
derived from  laboratory  rearing m ay constitute a fiducial point for ex­
perim ental studies. The blood picture of these anim als cannot however 
be regarded as a »standard« characteristic of the species. No such for­
m ulation is possible un til various aspects of variation — not only in ­
dividual variation  — are taken into account ( G g b c z y n s k i  & K o -  
s t e l e c k a - M y r c h a ,  1965), although even then  there m ay still be 
differences betw een the data obtained from various populations. These 
differences are  probably due to varied developm ental phases of these 
populations and, as has been dem onstrated by B e z u b i k  & T u r n e r  
(1964), to d ifferen t degrees of parasitical infestation. Having assumed 
th a t there  is a norm al, not pathological, range of fluctuations of parasit­
ical infestation of populations, which seems right from the physiological 
and ecological points of view, one should not expect to find these 
differences great. On the other hand, it m ust be kept in mind during 
certain  physiological investigations th a t the standard  established concerns 
anim als parasitized to some degree.

The tracing of variation of blood indices in the course of postnatal 
developm ent m ade it possible to establish the morphological mechanism 
ensuring the high level of the function of haemoglobin to adult specimens 
of th is species. The rise in the Hb content and in haem atocrit, observed 
from  the m om ent of postnatal anaem ia to about the 30th day of life and 
caused by a rapid increase in the num ber of erythrocytes accompanied 
by the sim ultaneous reduction of their diam eter, is the mechanism 
sought after. Thus, the dependence of the blood picture upon the age of 
specimens of C. glareolus exam ined resem bles the situation in other 
rodents. M ü l l e r  (1963) investigated this dependence in Lagurus lagu- 
rus  and found the same regularities in it. The only difference is the lower 
level of Hb in new ly born specimens of this species than  in adult 
anim als, whereas adu lt bank voles never reach such high values in this 
index as those found in the young ones im m ediately a fte r b irth , The same
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trend of changes with age as in L. lagurus was observed in the blood 
picture of the house mouse Mus musculus  L i n n a e u s ,  1758 (K a 1 a- 
b u k h o v  & R o d i o n o v ,  1934). In Citellus pygmaeus  ( P a l l a s ,  1779), 
however, these authors found tha t the level of haemoglobin in adu lt 
specimens is lower than in new ly-born ones. The general course of v a ria ­
tion is, in spite of small differences, the same in all these species. The 
values of blood indices settle  in rodents relatively  early, which is also 
confirmed by the results obtained by H a n k i n s  (1951), who exam ined 
2— 16-month specimens of Sigmodon hispidus S a y  & O r d, 1825, and 
did not find the dependence of these values upon the age of anim als. The 
moment when the values of blood indices settle  seems to be connected 
with the sim ultaneously term inating developm ent of therm oregulation 
and the passage to com pletely independent ways of living. In teresting 
results have been obtained by exam ining the variation of blood indices 
in the postnatal developm ent of P. subterraneus ( K o s t e l e c k a -  
M y r c h a ,  1966b). This species is characterized by tha t it never has 
postnatal anaem ia and its Hb level and haem atocrit value do not change 
with age. Functional activ ity  of its haemoglobin is prom oted by a m e­
chanism, which therefore consists only in the grow th of the num ber of 
erythrocytes and the reduction of their diam eter, lasting to the 30th day 
of life. If postnatal anaem ia is treated  as a distinct phenomenon, over­
lapping the age variation in blood indices, it m ay be assum ed th a t the 
changes observed in P. subterraneus  and bringing about an increase in 
the total surface area of ery throcytes are the basic m echanism  that 
causes the settling of haemoglobin function at the optimal level in adult 
rodents.

The determ ination of norm al values of any indices in wild-living 
anim als dem ands the inclusion of their seasonal variation  in con­
siderations. It m ust also be kept in mind tha t both the age and sex 
structures of populations change in the annual cycle, which m ay have 
a great effect on the results. It was possible to neglect age and sex of 
anim als in studies of seasonal fluctuations of the blood indices of C. gla- 
reolus, as has already been explained. It has been found th a t in the 
w in ter and spring the function of haemoglobin reaches its maximum 
owing to the high level of Hb and the large to tal surface area of ery ­
throcytes, w hereas in the sum m er its physiological activ ity  is the sm all­
est. S e a l a n d e r  (1962, 1965) observed sim ilar tendencies in S. hispi­
dus, Reithrodontomys fulvescens  J. A. A l l e n ,  1894 and 3 species of 
Peromyscus, K a l a b u k h o v  et al., (1958) in the Gerbillinae  and 
N e w s o n (1962) in C. glareolus.

Very in teresting data concerning the Białowieża population of bank 
voles w ere provided by K u n i c k i - G o l d f i n g e r  & K u n i c k a -
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Go 1 d f i n g e r (1965). They found th a t the highest level of Hb occurs 
in the spring and early  in the autum n, whereas it is low late in the 
sum m er and in the w inter. Instead, the m axim um  num ber of e ry th ro­
cytes comes round late in the sum m er and late in the autum n, in the 
w inter it keeps its high value up to the early  spring and is the lowest 
early  in the autum n and in the spring. The divergency in the times of: 
the m axim um  and m inimum  values of these two indices, which are fairly  
closely associated with each other by their d irectly  proportional relation, 
is striking. It is known that the M CHC, which is a quotient expressed in 
percentages, Hb g% /haem atocrite %, is alw ays constant in the same 
species, and the changes in the level of haemoglobin and haem atocrit 
ought to be directly  proportional. The value of haem atocrit is, above all, 
influenced by the num ber of erythrocytes, because their diam eter in 
adu lt anim als does not change so m uch as to have a significant effect on 
the m agnitude of this index. The fluctuations of RBC  thickness m ay be 
com pletely left out. Consequently, th is divergency m ust be explained as 
casual and resulting from the fact th a t the num ber of specimens exam in­
ed during the annual cycle is too sm all (51 animals).

The data obtained from experim ents in which the influence of day 
length and tem perature on the blood indices of C. glareolus was studied 
and the field observations on their seasonal variation made it possible to 
draw  the conclusion that tem peratu re  and day length are factors which 
control the changes in the blood p icture in the annual cycle. Tem perature 
seems to exert an influence upon the num ber of erythrocytes per 1 cu. mm 
of blood in this m anner th a t the  higher the tem perature is, the 
sm aller is the num ber of erythrocytes. Day length controls the diam eter 
of erythrocytes: the longer the day, the  longer the diam eter of blood 
cells.

K a l a b u k h o v  (1953) ascribes the seasonal fluctuations in the level 
of Hb in the yellow-necked field mouse Apodemus flavicollis (M e 1­
c h i o r, 1834) to the influence of changes in day length. O ther authors 
regard seasonally changing food conditions as a factor regulating the 
variation of blood indices of large anim als in the annual cycle (V a- 
s e n k o  et al., 1953; K o z a k e v i i, 1959). The nutritional basis of these 
anim als probably changes much more w ith seasons than the quality  and, 
above all, the am ount of food of sm all m am m als ( G ó r e c k i  & G ę  fo­
c z y  ń s k a, 1962). Therefore, the influence of tem peratu re  on the m orpho­
logical p icture of blood is more frequen tly  observed in rodents ( S e a l a n -  
d e r, 1962, 1965), which seems n a tu ra l and consistent in view of the 
connections of this environm ental factor with the num ber of erythrocytes, 
which is of greatest im portance to the seasonal fluctuations of the 
haem oglobin function.
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The highest level of the Hb function, observed in C. glareolus in 
w inter and spring, is probably connected with the high oxygen requ ire­
ments, in the w in ter on account of its more intense therm oregulation 
and in the spring because of its increased activ ity  and reproduction. In 
lite ra tu re  there are m any m entions th a t indicate a direct dependence of 
the morphological indices of blood upon the seasonally changing general 
metabolism  (S 1 o n i m, 1961). Studying the m etabolism  of C. glareolus 
in the annual cycle, V i s i n e s c u  (1965) obtained its highest value in 
the spring, the lowest in the sum m er, and in the au tum n she observed 
a slight increase in the oxygen consumption as compared w ith  the 
sum m er values. These data correspond closely to the seasonal fluc tu ­
ations of the function of haemoglobin described in the present paper.

The correlation betw een this function and the physiological sta te  of 
the organism is corroborated by the data obtained for pregnant and 
lactating females. P regnancy and lactation exact a vast effort from the 
m other’s organism and cause a significant decrease in the values of 
morphological indices of blood. The level of haemoglobin drops and the 
corresponding decrease in the value of haem atocrit results from  a con­
siderable reduction in the num ber of erythrocytes, because their dia­
m eter increases in length.

Variation w ith tim e alone, so fa r  discussed in this paper, does not 
allow the generalization of the results obtained over the whole species. 
A comparison of the values of blood indices betw een the highland and 
lowland specimens of C. glareolus did not show' any differences in the 
blood pictures. It seems tha t th is fact to some exten t authorizes us to 
recognize th a t all the conclusions obtained for the Białowieża population 
of bank voles hold good also in the case of the whole species.

K a l a b u k h o v  (1937) exam ined the influence of the reduced partial 
pressure of oxygen on the blood p icture  in several species of rodents 
under experim ental conditions and found th a t Apodemus sylvaticus 
( L i n n a e u s ,  1758) and A. flavicollis, which inhabit territo ries up to 
2000 m a.s.l., respond to  these conditions by increasing the num ber of 
erythrocytes and raising the level of Hb. On the o ther hand, Apodemus  
agrarius ( P a l l a s ,  1771), which lives only in areas below 700 m a.s.l., 
shows no faculty  for increasing these blood indices. Like A. agrarius, 
C. glareolus also did not respond to the dropped partial pressure of 
oxygen. Though occurs in the m ountains, it has the same blood picture as 
in lowlands. This should be regarded as a confirm ation of its characteri­
stic advantageous conditions of gaseous exchange as com pared w ith many 
other rodents. It was dem ontrated by K a l a b u k h o v  & R o d i o n o v  
(1936) tha t highland populations of some rodents have larger num bers of 
erythrocytes and higher levels of Hb than their lowland populations.
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These au thors examined A. sylvaticus  a t an altitude of 1500— 1800 m, 
and so a t the altitude a t which the blood picture of the highland C. gla­
reolus has been determ ined. On the other hand, M o r r i s o n  and his 
co-workers (1963, 1964) found no differences in haemoglobin level and 
haem atocrit value even betw een varying species of rodents living in the 
Andes and in lowlands. A comparison of the blood indices of highland 
Microtus nivalis ( M a r t i n s ,  1842) w ith  those of lowland Microtidae 
( K o s t e l e c k a - M y r c h a ,  1966a) corroborates M o r r i s o n ’s opini­
on, but a t the same time it also indicates tha t the value of haem atocrite 
in the lowland and highland species is not the same physiological quality. 
M. nivalis  has fewer erythrocytes than  the lowland Microtidae, but their 
diam eter is larger. These facts show th a t the function of haemoglobin is 
kept in this species even a t a low er degree than in the forms living in 
lowland areas. It seems therefore th a t the species which live only in the 
m ountains should be distinguished from  those inhabiting both high- and 
lowlands. In the m ountains these last have higher values of m orpho­
logical indices of blood than  their lowland populations and other typical 
highland species closely related to them  system atically. C. glareolus, 
which shows the same blood p icture in both environm ents, seems really 
to have b e tte r  conditions ensuring oxygen to its organism.

The d ifferent aspects of variation of the haemoglobin function analysed 
and expressed by changes in the morphological picture of blood, m ust 
be in terp re ted  w ith caution. To form a full conception of this variation 
some other indices, especially the to tal am ount of blood, m ust also be 
taken into account. If the relative volum e of blood decreases, it is difficult 
to determ ine w hether the changes observed in the morphological p icture 
of blood are only of compensative im portance, or w hether they  actually  
lead to an increase in the function of haemoglobin. The determ ination of 
this index in the postnatal developm ent and in p regnant and lactating 
fem ales m ay be of particu lar im portance. It would also be interesting 
and useful to examine the oxygen content of blood. The frequency of 
breathing or a t least the h eart rate  should be investigated in the bank 
voles living in the m ountains so as to m ake it possible to compare the 
functioning of the circulatory system  betw een the highland and the 
lowland specimens. However, the objective of the present work has been 
confined only to the dem onstration of morphological mechanisms of 
blood which have an effect upon the function of haemoglobin in a species 
having a very  wide geographical range.
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ZMIENNOŚĆ WSKAŹNIKÓW M ORFO-FIZJOLOGICZNYCH KRWI 
C LETIIRIO NO M YS G LAREO LU S  ( S C H R E B E R ,  1780)

’ Streszczenie

Przeprow adzone badania, nad obrazem  krw i nornicy rudej pozw alają stw ierdzić, 
że morfologiczny mechanizm adaptacyjny, zapew niający odpowiednio wysoki po­
ziom funkcji hemoglobiny, zależy od środowiskowych i fizjologicznych sytuacji 
organizm u. M echanizm ten polega na zm ianie zawartości Hb we krw i i podporząd­
kow anej jej, w prost proporcjonalnej zm ianie hem atokrytu , dzięki czemu w ew nątrz­
kom órkowa koncentracja hem oglobiny jest zawsze praw ie jednakow a. Odpowiednia 
w artość hem atokry tu  jest rezultatem  zm ian liczby i rozm iarów  erytrocytów . Istotne 
w ydają się tu  współzależności między tym i w skaźnikam i, k ierunek  i intensywność 
tych zmian, określające wielkość sum arycznej pow ierzchni erytrocytów . Liczba 
k rw inek pozostaje w odw rotnej zależności od tem peratury , a ich średnica zmienia 
się w prost proporcjonalnie do zm ian długości dnia. W w yniku tych zależności 
funkcja hem oglobiny osiąga najwyższy poziom zimą i wiosną a więc w  okresach 
wzmożonego zapotrzebow ania na tlen. Liczba i wielkość erytrocytów  zależą od w ie­
ku badanych zw ierząt oraz od takich  stanów  fizjologicznych jak  ciąża i lak tacja . 
Podczas gdy liczba krw inek do trzydziestego dnia rozwoju postnatalnego C. gla- 
reolus rośnie, średnica ich m aleje, co doprowadza do w ydatnego pow iększenia su­
m arycznej powierzchni erytrocytów . M echanizm ten można uznać za jeden z istot­
niejszych procesów przygotow ujących młodego osobnika do całkowicie sam odziel­
nego trybu  życia.

Porów nanie obrazu krw i C. glarcolus z obrazem krw i innych Microtidac trzym a­
nych w hodowli oraz brak  różnic między morfologicznymi w skaźnikam i krw i gór­
skich i nizinnych populacji nornic pozwala przypuszczać, że gatunek ten  dysponuje 
lepszym i niż w iele innych gryzoni, w arunkam i w ym iany gazowej. F ak t ten  w ydaje 
się w poważnym stopniu uzasadniać możliwość zasiedlania różnorodnych środowisk 
i szeroki zasięg w ystępowania nornicy rudej.


