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A n a l y s i s w a s m a d e of m u t u a l r e l a t i o n s b e t w e e n b lood v a l u e s of 1072 
i n d i v i d u a l s be long ing to 6 species of Microtidae in v a r i o u s biological 
s i t ua t ions . T h e s e r e l a t ions w e r e s t a t i s t i ca l ly a n a l y s e d , ca l cu l a t ing t he 
co r r e l a t i ons , r eg re s s ion e q u a t i o n s a n d c o n f i d e n c e a n d t o l e r a n c e l imi t s of 
t h e s e e q u a t i o n s . E x a m i n a t i o n w a s a lso m a d e of t he ve r t i c a l c ross -sec t ion 
of t h e g r o u p s of d a t a e x a m i n e d , r e p r e s e n t i n g a v a r i e t y of re la t ions . 
T h i s a n a l y s i s w a s a s t a r t i n g po in t fo r e x a m i n a t i o n of g e n e r a l v a r i a t i o n s 
of b lood v a l u e s in m a m m a l s . T h e a u t h o r ' s o w n s tud i e s w e r e t a k e n as 
a bas i s f o r th i s p a r t of t he w o r k , a s t h e y h a d b e e n c a r r i e d ou t on Mi-
c r o t i d a e , a n d a lso on t w o species of Soricidae a n d on Sus scrofa, a n d 
a lso u s e w a s m a d e of d a t a in l i t e r a t u r e r e f e r r i n g to t h e h a e m a t o l o g i c a l 
v a l u e s of o t h e r m a m m a l s . D a t a w e r e a v a i l a b l e r e f e r r i n g to 126 species 
b e l o n g i n g to 10 o rde r s . Re la t ions w e r e e x a m i n e d b e t w e e n t h e p a r t i c u l a r 
b lood v a l u e s a n d t he b o d y w e i g h t of m a m m a l s . T h e t e r m of h a e m o -
g lob inous level w a s i n t r o d u c e d w h i c h m a d e poss ib le a m o r e c x a c t a n d 
d y n a m i c ana lys i s of al l t h e s e r e l a t i ons . T h e w a y in w h i c h t h e b lood v a l u e s 
v a r y w i t h t h e body w e i g h t of m a m m a l s in r a n g e s of d i f f e r e n t h a e m o -
g l o b i n o u s leve ls w a s t r a c e d , a n d a l so t h e w a y in w h i c h t h e y a r e d i s t r i -
b u t e d in a n i m a l s w i t h s imi l a r b o d y w e i g h t , b u t r e p r e s e n t i n g d i f f e r e n t 
h a e m o g l o b i n o u s leve ls . All t he se c o n s i d e r a t i o n s led to s e t t i ng f o r t h of 
a n e q u a t i o n e x p r e s s i n g t he poss ib i l i ty of a un i t of b lood v o l u m e fo r 
t r a n s p o r t i n g oxygen . T h e y also m a d e a c r i t ica l e x a m i n a t i o n poss ib le of 
s o m e of t he v i e w s f o r m u l a t e d on m u t u a l r e l a t i o n s b e t w e e n blood va lues , 
w h i c h w e r e p r e m a t u r e l y accep t ed as r e g u l a r i t i e s cons i s t en t ly o c c u r r -
ing in m a m m a l s . I n t h e l igh t of t h e s t u d i e s p r e s e n t e d it is c lear t h a t 
t h e y a r e only a p a r t of m o r e g e n e r a l r e g u l a r i t i e s a n d s o m e of t h e m 
w o u l d e v e n a p p e a r to be c o m p l e t e l y w i t h o u t f o u n d a t i o n . 

* This s t u d y is ded i ca t ed to t h e m e m o r y of m y T e a c h e r , t h e l a t e P r o f e s s o r Zdzi- 
s ł aw R a a b e . 
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I. INTRODUCTION 

One of the basic functions of blood, termed the respiratory function, is 
to supply all cells with oxygen and carry carbon dioxide away f rom them. 
In homoiotherms, in which the metabolic rate even under basal condi-
tions is nearly ten times greater than the average metabolic rate of poiki-
lotherms ( H e m m i n g s e n , 1960), the mechanism ensuring that the or-
ganism is supplied with oxygen must be particularly efficient. 

Respiratory pigments, have the function of the oxygen carriers in 
many invertebrates they are dissolved in plasma. In all vertebrates, on 
the other hand, the respiratory pigment is haemoglobin, which is present 
in erythrocytes. In this case not only the amount of haemoglobin deter-
mines the possibility for oxygen transport, but also the number and size 
of red blood cells, since they define the pigment concentration in a cell 
and also the total volume and surface area of these cells on which this 
amount of haemoglobin functions. 

Evaluation of the respiratory function of blood obviously necessitates 
a knowledge of a large number of parameters which describe it f rom the 
morphological and physiological aspects. It is undoubtedly essential to 
ascertain the oxygen capacity of a unit of blood volume and minute vo-
lume of the circulation in order to assess the amount of oxygen carried 
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by blood in a unit of time. A far more exact and more dynamic descript-
ion would be obtained by defining the possibility of one unit of blood 
volume for oxygen transport on the basis of its morphological parame-
ters, than by a static measurement of oxygen capacity, since it would 
simultaneously explain the mechanism causing variations in the capacity 
of a unit of blood volume to carry oxygen and, in addition, would be more 
convenient on account of the widely used methods of morphological stu-
dies. 

Attempts have been made long since at defining the interrelations 
between blood values, but as such studies were made chiefly for diagno-
stic purposes, research on this question was confined to man and a small 
number of domestic and laboratory animals. It is on this account that 
formulation of more general regularities was usually based on material 
relating to a small number of species. It is probable that a number of 
such generalizations have been prematurely considered as regularities 
occurring in mammals. An example of this is the view, until recently 
widely held, that blood values increase in mountains (F o 1 k, 1966) but 
which is not the case with all animals ( K o s t e l e c k a - M y r c h a , 1967, 
1969). A completely different standpoint is represented by M o r r i s o n 
et al. (1963a, 1963b, 1964) who, af ter examining the blood picture in cer-
tain species of rodents living in lowlands and in the Andes, found that 
there are no differences in the blood values between these two groups 
of animals. The results obtained for Clethrionomys glareolus (S c h r e-
b e r, 1780) living in lowland areas and in mountains and for Microtus 
nivalis ( M a r t i n s , 1842), occurring only in mountain regions, show, 
however, that it is insufficient to take Hb and Hct values only into 
consideration, as animals having similar Hb contents and similar haemato-
crit can have a very different number and very different size of red 
blood cells and consequently their total surface area different (K o s t e-
l e c k a - M y r c h a , 1966c). 

Fur ther examples of views too hastily considered to be general regu-
larities are the »law of constant haemoglobin concentration«, formulated 
by D r a s t i c h (1928) and B ii r k e r 's view (1922) that the amount of 
haemoglobin per unit of surface area of red blood cells is constant. The 
results of studies made by E m m o n s (1927), who calculated that the 
total surface area of these cells in 1 mm3 of blood is the same in man 
and in several species of domestic animals, refute Biirker's opinion. 

The indexes introduced by W i n t r o b e (1963) make it possible, to 
estimate the amount of haemoglobin in one blood cell and the mean corp-
uscular haemoglobin concentration of this pigment, thus making it possible 
to trace more accurately the interrelations between the blood values. 
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The examples given above form evidence that a search has been made 
long since for general relations between the blood values and the regu-
larities in their variations. The existence of these relations is obvious 
even during f ragmentary haematological observations, but it is not easy 
to establish any general rules for them. There are only a few known 
attempts at searching for such generalizations which would provide an 
explanation of all facts often only apparently contradictory. An example 
of this is to be found in the concept introduced by G o t z e (1923 cited 
af ter K o r z u e v , 1964), accepted by N i k i t i n (1956) and developed by 
M o n a s t y r s k i j & P o l o v i n k i n a (1966) of the »haemoglobinous 
area«. These authors, however, based their findings on a small amount of 
material only, relating to a few species of domestic animals and on theo-
retical reasoning, and therefore the model they give is not ful ly justified. 

A large amount of very varied material was obtained during the long-
- te rm haematological studies (Ko s t e l e c k a - M y r c h a , 1966a, b, c, 
1967; K o s t e l e c k a - M y r c h a et al., 1970) made for the purpose of 
describing the blood picture in Microtidae under different physiological 
and ecological conditions. It was decided to make an accurate statistical 
analysis of the material and to define exactly the interrelations occurring 
between all the blood values examined in these rodents. It was likewise 
decided to check whether the regularities examined in this group of ani-
mals also apply to other mammals. If regularities governing variations 
in blood values in mammals were found, it would make it possible to for-
mulate an equation expressing the capacity of a unit of blood volume to 
transport oxygen. 

II. M A T E R I A L AND M E T H O D S 

Anál is is of t he re la t ions be tween blood values w e r e based on the va lues of these 
indexes e x a m i n e d in 1072 individuals belonging to 6 species of Microtidae. Da ta 
w e r e ava i l ab l e r e f e r r i n g to 670 b a n k voles Clethrionomys glareolus (S c h r e b e r, 
1780), 250 of wh ich w e r e obta ined f r o m long- t e rm breed ing in t h e M a m m a l s Re-
search I n s t i t u t e of the Polish A c a d e m y of Sciences a t Białowieża, 405 w e r e caugh t 
in the Bia łowieża Na t iona l P a r k and 42 in the T a t r a M o u n t a i n s at a h ight of abou t 
1850 m above sea level ( K o s t e l e c k a - M y r c h a , 1967; K o s t e l e c k a - M y r -
c h a et al., 1970). Among the capt ive b a n k voles t he r e w e r e 198 young individuals , 
f r o m 1 to 72 days old, 32 adu l t indiv iduals (5—6 months old), 10 p regnan t f ema les 
and 10 l ac ta t ing females . A to ta l of 315 voles were caught over the course of a yea r 
(the blood p i c tu re was def ined every month) and in addi t ion 90 individuals w e r e 
caught in a u t u m n , d ivided into t h r e e groups and kept in d i f f e ren t t e m p e r a t u r e s and 
length of dayl ight period. 

Other species of Microtidae w e r e represen ted by 255 individuals of the E u r o p e a n 
p ine vole Pitymys subterraneus (de S é l y s - L o n g c h a m p s , 1835), 42 indiv iduals 
of Lagurus lagurus ( P a l l a s , 1773), 30 f ie ld voles Microtus agrestis ( L i n n a e u s , 
1761), 28 common voles Microtus arvalis ( P a l l a s , 1779) and 20 snow voles Micro-
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tus nivalis ( M a r t i n s , 1842). All, except M. nivalis, or ig inated f r o m t h e b reed ing 
cent re in the M a m m a l s Research Ins t i tu te , Pol ish Academy of Sciences. Rep re sen -
ta t ives of P. subterraneus included 208 young individuals , f r o m 1 to 90 days old, 30 
an ima l s 5—6 m o n t h s old and 17 very old a n i m a l s (2—3 years old) K o s t e l e c k a -
- M y r c h a, 1966a, lSG6b). The other cap t ive Microtidae e x a m i n e d w e r e 5—6 m o n t h s 
old (K o s t e l e c k a - M y r c h a , 1966a). M. nivalis was caught in the T a t r a m o u n t -
ains a t a h igh t of abou t 1850 m above sea level (K o s t e l e c k a - M y r c h a , 1966c). 

The blood p ic tu re was a lways e x a m i n e d in the same w a y in all these an imals . Blood 
was t a k e n f r o m t h e jugu la r vein be tween 9.00—11.00 a.m. Haemoglobin content (Hb%) 
was def ined w i t h a Zeiss haemomete r w i t h ar t i f ic ia l l ight ing (about 1000 luxes) . In 
those cases in which it was necessary for all p a r a m e t e r s to describe t h e s a m e uni t 
of blood vo lume , haemoglobin content was expressed in mg/mm 3 . H a e m a t o c r i t v a l u e 
(Hct %) was de te rmined by the mic romethod , cen t r i fug ing blood in hepar in ized ca-
pi l lary tubes for 10 minu te s at 6500 rev /min . Mean corpuscular haemoglobin con-
cent ra t ion (MCHC %) was calculated on t h e basis of haemoglobin content in 100 ml 
of blood a n d Hct value. Red blood cells (RBC mln/rara8) w e r e counted in count ing 
chamber w i t h a Thom rul ing, and the i r d i amete r m e a s u r e d w i t h a Zeiss mic ro -
metr ic eye-p iece on dry p repa ra t ions s ta ined by the P a p p e n h e i m me thod . Ret iculo-
cytes and e ry th rocy tes w e r e t rea ted jo int ly , a s suming tha t t he n u m b e r of young red 
blood cells is smal l in compar ison w i t h t h e n u m b e r of the i r m a t u r e f o r m s , and the i r 
m u t u a l ra t io is no rma l and constant in t h e var ious groups of an imals examined . 

The anisocytosis was de f ined in all t hese groups and proved to be small , a n d 
the re fo re it was possible on the basis of 50 m e a s u r e m e n t s of the d i ame te r s of red 
blood cells to obtain an ave rage f igu re r epea t ab l e for each of t he o the r 50 m e a s u r e -
men t s m a d e in the s ame indiv idual . Poiki locytosis was not f o u n d in the a n i m a l s 
examined . More detai led observat ions to establ ish if the blood p i c tu re is no rma l 
we re not made , as a s tat is t ical ly su f f i c ien t ly large n u m b e r of ind iv idua ls was ava i l -
able for t he resul ts obta ined to be t r e a t e d as r ep resen ta t ive of t he g roups of an i -
mals examined . 

Var ia t ion of pa r t i cu l a r blood va lues w a s s l ight in these groups . This is shown 
by the f a c t t h a t conf idence in te rva ls for ave rages ca lcula ted f r o m only 20—30 obser -
vat ions w e r e not usual ly g rea te r t h a n t h e e r ro r s of the me thods used fo r these 
m e a s u r e m e n t s ( K o s t e l e c k a - M y r c h a , 1966a, 1966c, 1967). 

This is undoub ted ly a proof t h a t t h e an imals examined f o r m e d physiological ly 
u n i f o r m m a t e r i a l and t h a t no dev ia t ions occur red in t h e m f r o m the s t a n d a r d s c h a -
racter is t ic of t h e var ious groups. 

Owing to the un i fo rm s tudy me thods and the considerable d i f f e rences in t h e 
va lues considered, found a f t e r t ak ing t h e d i f f e r en t biological s i tua t ions of the an i -
mals into considerat ion, this ma te r i a l could f o r m a basis fo r accura te analys is of t he 
in te r re la t ions be tween blood values . T h e fo l lowing re la t ions w e r e cons idered: be -
tween the n u m b e r of red blood cells in 1 m m 3 of blood and the i r size, t h e n u m b e r 
of these cells and H b content in 1 m m 8 of blood, size of red blood cells and H b 
content in a un i t of blood volume, ha e ma toc r i t va lue a n d n u m b e r of r ed blood cells 
in 1 m m 3 of blood, haematocr i t va lue a n d size of red blood cells, h aema t o c r i t v a l u e 
and total r ed blood cells su r f ace in a un i t of blood volume, haema toc r i t va lue and 
H b content in 1 m m 3 of blood and b e t w e e n amoun t of H b and to ta l r ed blood cells 
su r face in 1 m m 3 of blood. 

These re la t ions w e r e def ined by ca lcu la t ing corre la t ion coeff ic ients a n d the r e -
gression equat ions . In the case of t he re la t ion be tween t h e n u m b e r a n d size of red 
blood cells calculat ion was also m a d e of t h e exponen t ia l equat ion and a n o n - l i n e a r 
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corre la t ion coeff icient . The two blood va lues unde r inves t igat ion, t h e m u t u a l re la -
t ions of which are to be def ined, m a y of course depend on o ther blood values. F o r 
th is reason w h e n examin ing pa r t i cu l a r re la t ions , they w e r e cons idered in d i f fe ren t 
in te rva l s of the value, which might possibly mod i fy t h e m . In th is w a y a n u m b e r of 
regression equat ions w e r e obta ined, the va lues a and b of which , descr ibing the po-
sit ion of s t ra ight l ines in re la t ion to the co-ordinates , w e r e p resen ted on axis y and 
their re lat ions wi th this th i rd va lue examined . When it was not f o u n d to exer t any 
s igni f icant e f fec t on the re la t ion examined , calculat ion was m a d e of the total cor-
re la t ion for the whole ma te r i a l . In addi t ion , conf idence l imi ts a n d to le rance l imi ts 
(E1 a n d t, 1964) w e r e def ined fo r those re la t ions which are p robab ly of g rea t e r 
physiological s ignif icance. In order to ascer ta in w h a t t h e decisive fac tor is de te r -
min ing the considerable size of t he to lerance range , analysis was m a d e of the v e r -
t ical cross-sect ions a t these poin ts of ce r t a in of t h e re la t ions . Uni t da ta w e r e 
plot ted at these points in order to de t e rmine which biological f ac to rs de te rmine the 
order in which they are s t ra t i f ied . For the s ame purpose , a d i f f e ren t method w a s 
used in the analysis of t he wide to lerance l imits of o the r re la t ions , consisting in cal-
cula t ing regression equat ions for physiologically d i f f e r en t groups of animals e x a -
mined a n d plot t ing s t ra ight l ines on the d iag ram rep resen t ing t h e relat ion common 
to Microtidae. 

Varia t ion in the blood va lues of m a m m a l s was considered in re la t ion to the i r 
body weight . For this pu rpose use was m a d e of da ta f r o m the au thor ' s own s tudies 
on Microtidae and also on Sorex araneus L i n n a e u s , 1758, Sorex minutus L i n -
n a e u s , 1766 and Sus scrofa L i n n a e u s , 1758. Animals be longing to the last t h r e e 
species we re obta ined f r o m the Kampinos Nat ional P a r k nea r Warsaw. 19 ind iv i -
duals of S. araneus and 5 of S. minutus w e r e caught du r ing t h e a u t u m n - w i n t e r 
season. Resul ts fo r 15 3 -mon th old ind iv idua ls of S. scrofa f o r m e d p a r t of the da ta 
obta ined in s tudies on changes in the blood p ic tu re du r ing the pos tna ta l deve lop-
m e n t of these an imals ( K o s t e l e c k a - M y r c h a , 1973). 

The blood values of o ther species of m a m m a l s w e r e ob ta ined f r o m l i t e ra tu re . In 
all, da ta for 126 species belonging to 10 orders of m a m m a l s w e r e avai lable . W h e n 
d i f f e r en t da ta for t he same species we re given by d i f f e r en t au tho r s the ave rage 
va lues w e r e not calculated, b u t t h e da ta w e r e used independen t ly . 

The ave rage va lue F (F = f/Hb, RBC, 4r2/) descr ib ing the capac i ty of a un i t of 
blood vo lume to t r an spo r t oxygen in d i f f e ren t groups of the Microtidae axamined , 
w e r e compared by m e a n s of the i - S t u d e n t test fo r t w o i ndependen t groups. Va r i a -
t ions in this va lue dur ing pos tna ta l deve lopment w e r e assessed by the regress ion 
me thod . Compar ison of va lue F, ca lcula ted f r o m a s impl i f ied equat ion , wi th resu l t s 
obta ined for the s ame an ima l s bu t us ing t h e comple te equa t ion , w a s m a d e by m e a n s 
of the d i f fe rence test (P e r k a 1, 1963). 

I I I . I N T E R R E L A T I O N S BETWEEN BLOOD VALUES O F MICROTIDAE 

1. Size vs. Number of Red Blood Cells 

From the physiological point of view the most interesting characteristic 
of the size of a red blood cell is the measure of its surface area. This pro-
blem repeatedly appears in comparative haematology and at tempts have 
been made at formulating equations expressing this value. All of them 
required the acceptance of certain assumptions as to the shape of the 
blood cell, the introduction of constant corrections for their biconcave 
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shape and taking into consideration the thickness of the cells. Certain 
authors assumed that the thickness of cells of different mammals is appro-
ximately similar ( E m m o n s , 1927), while others calculated it on the basis 
of a knowledge of surface area and volume of these cells, establishing 
these values f rom equations based on the diameter or radius of red blood 
cells ( B i i r k e r , 1922; M o n a s t y r s k i j & P o l o v i n k i n a , 1966). 
M o n a s t y r s k i j & P o l o v i n k i n a (1966) found that the thickness 
of these cells calculated on the basis of diameter corresponds reasonably 
accurately with the results of measurements made in a suspended drop. 

T a b l e 1 

R e l a t i o n b e t w e e n v a l u e 4r2 and n u m b e r of RBC fo r d i f f e r e n t c lasses of H b 
c o n t e n t in t h e blood of Microtidae. 

No. of Class of R a n g e of 
s t r a igh t n H b c o n t e n t RBC r E q u a t i o n 

] ine m g / ' m m 3 m l n / m m * 

1 14 0 . 1 2 5 0 . 1 2 9 3 . 8 8 — 10 .70 — 0 . 8 3 1 y = 9 6 , 2 6 x - ® - 6 4 
2 20 0 . 1 3 0 — 0 . 1 3 4 3 . 1 8 — 11 2 8 — 0 . 9 3 7 y = 1 2 8 . 6 4 x - 0 ' i 2 7 
3 26 0 . 1 3 5 — 0 . 1 3 9 4 . 0 8 — 12 .08 — 0 . 8 3 6 y = 1 2 3 . 8 3 X - 0 657 
4 3 2 0 . 1 4 0 — 0 . 1 4 4 4 . 7 0 — 13 .78 — 0 . 7 8 7 y = 93 .16X 0.536 
5 5 8 0 . 1 4 5 — 0 . 1 4 9 4 .65 — 13 .52 — 0 . 7 7 2 y = 1 3 2 . 6 6 X - 0 685 
6 7 4 0 . 1 5 0 — 0 . 1 5 4 3 .97 — 13 .29 — 0 .821 y = 1 2 0 . 2 0 X - 0 623 
i 91 0 . 1 5 5 — 0 . 1 5 9 4 . 5 8 — 18 .30 — 0 . 8 0 6 y = 1 3 9 . 8 5 x - 0 ' 0 i 
8 111 0 . 1 6 0 — 0 . 1 6 4 3 .73 — 15 .32 - 0 . 7 0 8 y = 96.73X—o 528 
9 8 2 0 . 1 6 5 — 0 . 1 6 9 6 . 3 2 — 16 .48 — 0 . 5 6 1 y = 82.06x 0.463 

10 9 9 0 . 1 7 0 — 0 . 1 7 4 5 .67 — 16.78 — 0 . 7 2 5 y = 1 2 9 . 5 7 X - A 640 
11 87 0 .175 — 0 . 1 7 9 4 .80 — 1 5 . 9 3 — 0 . 6 6 0 y = 95.09x-o 510 
12 5 9 0 . 1 8 0 — 0 . 1 8 4 5 . 2 0 — 15 .72 — 0 . 6 6 4 y = 9 8 . 9 3 x — 0 5 2 4 

13 45 0 . 1 8 5 — 0.1 P9 5 . 0 0 — 16 .00 — 0 , 7 6 6 y = 1 1 0 . 0 5 x - 0 . 5 6 i 
14 4 3 0 . 1 9 0 — 0 . 1 9 4 5 . 0 0 — 17.45 — 0 . 6 9 7 y = 8 1 . 1 3 x - 0 . 4 3 8 
15 4 5 0 . 1 9 5 — 0 . 1 9 9 5 . 3 2 — 18 .05 — 0 . 6 7 2 y = 70 .87x -o .3T4 
16 27 0 . 2 0 0 — 0 . 2 0 4 5 . 4 3 — 15 .90 — 0 . 8 0 2 y = 116.31 X 0.559 
17 10 0 .215 — 0 . 2 1 9 5 . 2 2 — 1 5 . 4 3 - 0 . 9 7 8 y = I 8 1 . 6 5 x - 0 . 7 1 6 
18 17 0 . 2 2 0 — 0 . 2 2 4 8 . 2 2 — 16.45 — 0 . 5 3 3 y = 4 7 . 9 0 x - o . 2 2 9 

On the other hand calculation of the correction for the biconcave shape 
of blood cells in wide-scale comparative studies would appear too labor-
ious in view of the very slight error involved this is not taken into con-
sideration. G o t z e (1923; cited af ter K o r z u j e v , 1964) calculated for 
several species of domestic animals, having considerable differences in the 
diameter of red blood cells, that this error is f rom 12°/o to 17°/o depending 
on the size of these cells. Thus the error in the comparative studies 
would be only a few percent. Under these circumstances it would 
appear ful ly sufficient to accept, for comparative purposes, the second 
power of the diameter of the blood cell as the measure of its surface area 
[d2 = (2r)2 = 4r2], since the only real and easy available size for measure-
ments is the diameter of the blood cell. 
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The relation between the measure of surface area of a red blood cell 
and the number of these cells was examined in different classes of haemo-
globin content. The purpose of this analysis was to check whether Hb 
content in blood exerts a modifying influence on the course of this rela-
tion. The range of variations in Hb level found in Microtidae is fair ly 
large, f rom 12.5 g°/o to 22.5 g°/o. The relations between 4r2 and RBC for 
different classes of Hb content are expressed by exponential equations 
and are characterized by straight lines on a logarithmic scale (Table 1). 

4r2M 

40 

30 

20 

10 20 

RBC (min.) 
Fig. 1. Re l a t i on b e t w e e n size a n d n u m b e r of RBC i n Microtidae. 

y = 105.9ar-0-56i ± 3.29; r = —0.888; n = 1014 

G r = Y r Î 3.28 000986 + 
(lg x — 1.041)2 

13.30 

Examination was next made of the relations between a coefficients of 
these uquations and Hb content. The equation y = 2.251 — 1.375x was ob-
tained, and the statistically non-significant correlation coefficient r = 0.304, 
which shows that Hb content does not modify the course of straight 
lines expressing the relation between size and number of red blood cells. 
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This finding forms grounds for calculating the general relation between 
4r2 and RBC for Microtidae, irrespective of Hb content (Fig. 1). The small 
confidence area is a proof that a sufficiently large number of observations 
have been taken into consideration, but tolerance limits are fairly wide, 
and therefore the vertical cross-section of the given sample was analysed. 
It was found that the considerable width of tolerance limits is determined 
by the stratification of successive data for different groups of Microtidae 
examined (Fig. 2). Thus a given number of red blood cells corresponds, 

50 
- i 

13 

40 

30 

20 

3 
J** 

2 

0 ' 7 « 1 7 A 16 9* . 
7 9» S •,„ •fi • J° 9» g * »S ,,0 

19 
'V7 v . , • 

>?• *17* A 77» T 
17 

77 " 
.10 

• 16 
9 »8 ' 

. 77 • • 
16 

17 17 

5.0 5.5 9.0 9.5 74.0 14.5 
RBCfmln.) 

Fig. 2. Ver t ica l cross-sect ion m a d e in t h r e e points of re la t ion 4r2 and n u m b e r 
of RBC in Microtidae. 

1 — C. glareolus, 0—3 days old; 2 — C. glareolus, 6—9 days old; 3 — C. glareolus, 
10—12 days old; 4 — C. glareolus, 13—15 days old; 5 — C. glareolus, 16—18 days old; 
6 — C. glareolus, 27—29 days old; 7 — C. glareolus, 21—25 days old; 8 — C. glareo-
lus VII, VIII , IX; 9 — C. glareolus X, XI ; 10 — C. glareolus XI I , I, I I ; 11 — C. p la -
reolus I II , IV, V; (Roman n u m e r a l s indica te d i f f e r en t m o n t h s of t he year ) 12 — P 
subterraneus, 1—7 days old; 13 — P. subterraneus, 8—11 days old; 14 — P. subter-
raneus, 12—17 days old; 15 — P. subterraneus, 18—21 days old; 16 — C. glareolus 
(captive); 17 — P. subterraneus (captive); 18 — L. lagurus (captive); 19 — M. arvalis 

(captive); 20 — M. nivalis; 21 — M. agrestis (captive). 
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e.g., to: their greater sizes in C. glareolus caught in spring, their smaller 
sizes in voles caught in winter and even smaller in P. subterraneus kept 
in captivity. This analysis also showed that particular groups of the ani-
mals examined fill successive sections of the whole straight line repre-
senting the relation between the number and the size of red blood cells 
in Microtidae. Thus large blood cells and their simultaneous small number 
are found in young developing individuals, smaller blood cells and their 
simultaneous larger number are found in slightly older individuals of the 
same species and adult representatives of other species. A fu r the r section 
of this general relation is filled by yet other species, or the same species 

Table 2 

Relat ion be tween n u m b e r of RBC and H b conten t in the blood for d i f f e ren t 
va lues 4 r2 in Microtidae. 

No. of 
s t ra ight 

l ine 
n Value 4 r-, ^ 

Class of H b 
content , 
m g / m m 3 

r Equa t ion 

1 12 21.16 0.138—0.194 0.572* y = 2.89 + 58.78a.' 
2 12 21.81 0.146-0.182 0.626 y = 1.09 4~ 68.19a 
3 30 22.37 0.108—0.206 0.499 y = 3.71 -j- 53.92a; 
4 43 23.04 0.128—0.235 0.524 y = 4.89 4" 45.62a 
5 50 23.72 0.125—0.230 0.515 y = 4.40 -j- 48.34a 
6 63 24.30 0.146—0.228 0.542 y = 5.64 4" 40.07a: 
7 82 25.00 0.110—0.222 0.714 y = 2.60 4~ E5.79x 
8 102 25.70 0.117-0.232 0.673 y = 1.94 4-57.92a: 
9 90 26.32 0.130—0.246 0.531 y = = 4.96 4" 40.98a 

10 85 27.04 0.133—0.227 0.573 y = 3.02 4~ 51.29a: 
11 26 27.77 0.134—0.250 0.624 y = 3.28 -j- 46.28* 
12 66 28.51 0.128—0.255 0.711 y = 0.55 + 6?.14a 
13 52 29.16 0.140—0.244 0.597 y = 3.52 4-45.01x 
14 43 29.92 0.128—0.250 0.563 y = 4.51 4" 38.41a; 
15 41 30.69 0.130—0.216 0.674 y = 1.35 + 56.49a 
16 27 31.36 0.108—0.234 0.864 y : 1.25 4-68.92a: 
17 14 32.15 0.130—0.200 0.698 y = 0.52 4" 53.52a 
18 18 32.95 0.132—0.210 0.650 y = 0.93 4" 50.53a: 

* Sta t is t ica l ly non-s ign i f i can t 

examined at different seasons of the year. It is of course obvious that 
such falling out and the filling of their places by other groups of Micro-
tidae takes place gradually, but completely distinctly. It is not therefore 
strange that examination of the relations between blood values (also 
between any other indexes) with relatively small range of variation, for 
a small amount of material, may lead to incorrect conclusions, as only 
a small f ragment of the whole is then obtained, which will most often be 
represented as a straight line. In the case of the relation discussed here 
there is a danger that it may even be found to be non-significant, when 
the red blood cells in the material available are large in number but small 
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in size, since in the arithmetic rectangular co-ordinates this relation 
is hyperbolic. The equation expressing the relation between 4r2 and RBC 
in the Microtidae examined is probably also correct for other rodents 
with similar body weight, since the available data given by various 
authors for some species of these animals come within tolerance limits of 
this equation ( M o o r e , 1966; S e a l a n d e r , 1962, 1965). It may also be 

Hbfmg/rvn.j 

Fig. 3. Rela t ion b e t w e e n n u m b e r of RBC and H b content in the blood of Microtidae. 
y = 1.10 + 60a: ± 4.04; r = 0.561; n = 1000; 

(x — 0.1705)2 

G x = Y* ± 4.042 1 / 0.001 + 
0 . 5 4 7 7 

assumed that for other groups of mammals the type of this relation will 
be the same, although its coefficients may be different. It might prove 
interesting to ascertain, using a large amount of material, what causes 
determine the differentiation of the coefficients of this relation and 
whether this differentiation takes place continuously, by stratification, or 
in jumps. 
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2. Number of Red Blood Cells vs. Blood Haemoglobin Content 

In order to determine the type of relation between the number of red 
blood cells and Hb content in 1 mm3 of blood in Microtidae, 18 classes of 
surface area of blood cells were distinguished for which this relation was 
examined (Table 2). Coefficients b for the equations obtained, were next 
plotted against the value of 4r2. The following equation was obtained 
y = 57.128 — 0.186x. The coefficient of this correlation r = —0.068 is not 
statistically significant, and therefore the size of the red blood cells ex-
pressed by measurement of their surface area does not modify the rela-
tion between Hb content and RBC, and consequently this relation was 
elaborated for Microtidae without taking into account the size of red 
blood cells (Fig. 3). The small confidence area shows that a sufficient 
number of observations were made. 

In view of the fact that tolerance limits are wide the analysis of the 
vertical cross-section of the given sample was completed. The regression 
lines plotted for this purpose for the different groups of animals take an 
approximately parallel course on both sides of the general straight line 
for Microtidae and correspond to the lesser or greater sections of its 
length (Table 3, Fig. 4). Regression line no. 1, referring to M. nivalis, is 
very short and expresses absence of relation between Hb content and 
number of red blood cells. This would appear to be justified, as the repre-
sentatives of M. nivalis studied form a small group, with exceptionally 
slight variation in the values considered and should be treated only as 
a point situated in the appropriate place of the relation in question. 

3. Size of Red Blood Cells vs. Blood Haemoglobin Content 

Analysis of this relation was made in 8 classes of red blood cell num-
bers (Table 4). The coefficients of these correlations are non-significant 
in two cases and statistically significant in six. The equation expressing 
the dependence of the value of coefficients b on RBC takes the form of 
y = 104.62 — 4.57x, while the correlation coefficient is r = —0.613 and 
comes close to the limit of significance. As, however, it is statistically 
non-significant it formally provides grounds for calculating the general 
regression equation characterizing the relation between size of red blood 
cells and Hb content in the blood of Microtidae. After plotting this straight 
line (Fig. 5) it was found that it exhibits a tendency to decline, despite 
the fact that the various straight lines for different classes of RBC rise, 
usually in a statistically significant way. The correlation coefficient of 
this general relation for Microtidae is statistically non-significant. In 
other words this relation is so small that it is visible only when a number 
of RBC is constant. 
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Hbfmg/mm3) 

Fig. 4 Ana lys i s of t h e c ross - sec t ion of r e l a t i o n b e t t w e e n n u m b e r of RBC a n d H b 
con t en t in t h e b lood of Microtidae (Symbo l s a n d e q u a t i o n s in T a b l e 3). 

The tendency of this straight line to decline is due to a certain order 
in the mutual positions of straight lines obtained for 8 classes of RBC, 
since these straight lines are distributed increasingly close to the abscissa, 
the higher the number of RBC for which they were plotted, and in addi-
tion simultaneously shift in the direction of larger amounts of Hb. The 
absence of a relation between size of RBC and amount of Hb is thus in 
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Tab le 4 
Relat ion b e t w e e n va lue 4r2 and H b content in the blood for d i f f e r en t classes 

of n u m b e r of RBC in Microtidae. 

No. of „ ° f Class of H b con R B C > . tpp. m a /m m 3 ^ Equa t ion s t ra ight l ine m l n / m m 3 t e n t ' m ë / m m 3 

1 57 8.00-- 8 .99 0 .117- - 0 . 1 8 1 0 . 3 5 2 y = 1 7 . 4 2 + 8 4 . 5 8 X 
2 87 9 . 0 0 - 9 . 9 9 0 .108- - 0 . 2 1 4 0 . 2 7 3 y = 19 .56 4 - 5 5 . 8 7 X 
3 160 10.00-- 1 0 . 9 9 0 .117- - 0 . 2 3 2 0 .177* y = 2 2 . 2 3 + 3 2 . 5 7 X 
4 2 0 8 11.00 - 1 1 . 9 9 0 . 1 3 3 - 0 . 2 1 6 0 .375 y = 16 .03 + 6 1 . 3 8 x 
5 161 12 .00 - 1 2 . 9 9 0 . 1 4 0 - 0 . 2 3 2 0 . 3 5 8 y = 18 .69 + 4 1 . 2 6 x 
6 117 13 .00 - 1 3 . 9 9 0 .144- - 0 . 5 0 0 . 2 6 0 y = 19.55 + 3 5 . 2 5 X 
7 7 6 14 .00 - 1 4 . 9 9 0 . 1 5 1 - 0 . 2 5 0 0 . 4 8 0 y = 15 .24 + 5 5 . 8 0 X 
8 4 1 15 .00 - 1 5 . 9 9 0 . 1 6 0 - 0 . 2 5 5 0 .291* y = 18.88-j-31.50x 

j / « 
i x — 0.1705)2 

G x = Y x ± 10.438 1 / 0.001 + 
0 .5477 

Fig. 5. Relat ion be tween size of RBC and H b content in the blood of Microtidae. 
y = 33.5 — 32.2* ± 10.45; r = —0.138; n = 1000; 
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Microtidae the result of the influence of two strong relations on the 4r2 — 
Hb system: between RBC and blood haemoglobin content and between 
the number and size of RBC. The first of these causes straight lines plott-
ed for higher values of RBC to be located in the part of the diagram 
corresponding to higher Hb contents, while the second determines the 
increasing close position of these straight lines in relation to the abscissa, 
since the greater the number of RBC, the smaller they are. In general, 

Hbfmg/mm3) 
Fig. 6. Analysis oi' the cross-section of the re la t ion be tween 4r* and H b content in the 

blood of Microtidae (Symbols and equa t ions in Table 3). 
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however, it may be said that the relation between size of RBC and haemo-
globin level does not however affect the amount of Hb in blood. It is only 
in cases in which the number of RBC does not alter that an increase in 
their size may slightly increase the amount of Hb, but practically speak-
ing this mechanism is not of any significance, as shown by the discussion 
given in the following parts of this section. 

Analysis of the vertical cross-section of this group of data shows that 
its variation is determined by stratification of data for different groups 
of Microtidae (Table 3, Fig. 6). The direction in which straight lines plot-

T a b l e 5 

R e l a t i o n b e t w e e n H c t (%>) a n d n u m b e r of RBC ( m l n / m m 3 ) f o r d i f f e r e n t 
v a l u e s 4r2 in Microtidae. 

No. of v a l u e 
s t r a i g h t n 4 2 2 r E q u a t i o n 

l ine r ' t ' 

1 12 21.16 0.492* y — 26.62 + 1.46x 
2 12 21.81 0.308* y = 32.51 + 0 . 9 U -
3 30 22.37 0.556 y — 15.16 + 1.50x 
4 43 23.04 0.691 y — 23.38 1.75x 
5 50 23.72 0.619 y — 22.15 -j- l-89x 
6 63 24.30 0.588 y 23.83 4" 1-81X 
7 82 25.00 0.659 y = 22.12 4-2-OOx 
8 102 25.70 0.633 y = 27.85 4 " 1.64x 
9 90 26.32 0.576 y = 29.16 + 1.53x 

10 85 27.04 0.670 y = 23.70 4" 1.92a: 
11 26 27.77 0.674 y = 24.73 4" l-99x 
12 66 28.51 0.749 y = 25.69 -f 1.93a: 
13 52 29.16 0.730 y = 24.59 4" 2.00X 
14 43 29.92 0.320 y — 34.64 4- 1.29x 
15 41 30 69 0.616 y = 27.09 4" l-85x 
16 27 31.36 0.864 y = 14.08 4 - 3.03x 
17 14 32.15 0.835 
18 18 32.95 0.653 

* S ta t i s t i ca l ly n o n - s i g n i f i c a n t 

ted for these groups of animals s trat ify is reverse to that described for 
the relation between RBC and Hb content in blood, which of course is 
due to the reverse relation between the number and size of RBC. 

4. Haematocrit Value vs. Number of Red Blood Cells 

It is a known fact that the haematocrit value may depend only on the 
number and size of RBC, and consequently examination of the depen-
dence of Hct on the number of these cells was carried out in different 
classes of 4r2 values (Table 5). Among the 18 correlations obtained only 
two, for classes containing the smallest number of observations, are sta-
tistically non-significant. b of these equations exhibit a signi-
ficant dependence on the ^fze oiibfood cells: y = —0.2453 + 0.0765a:, r 

Acta theriol. 2 
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0.617. This shows that the larger are the blood cells for which examina-
tion of the relation between their number and Hct value is made, the 
higher the straight line expressing it, is situated in relation to abscissa. 
This appears understandable, since with the given number of RBC the 
haematocrit will be greater, when the blood cells are larger and the same 
increase in the number of cells causes a smaller increase in Hct value if 
these cells are smaller. 

It would be incorrect to accept an equation common to all Microtidae 
expressing the relation between Hct value and RBC, because the course 
taken by straight lines within its tolerance limits is not random in cha-
racter, but exhibits a close dependence on the size of RBC. In other 
mammals with similar size but varying numbers of blood cells, this rela-

Table 6 

Relat ion be tween Hct (%>) and va lue 4r2 (/u2) fo r d i f f e r e n t 
classes of n u m b e r of RBC in Microtidae. 

No. of Range of 
s t ra ight n RBC r Equa t ion 

l ine mln /mm 3 

1 57 8.00— 8.99 0.449 y = 26.67 + 0.48 x 
2 87 9.00— 9.99 0.418 i/ = 29.60 + 0.51 x 
3 160 10.00—10.99 0.315 y = 33.60 + 0.41 x 
4 208 11.00—11.99 0.428 y = 26.94 + 0.72 x 
5 161 12.00—12.99 0.375 y = 29.86 + 0.70 x 
6 117 13.00-1^.99 0.367 y = 32.77 + 0.63 x 
7 76 14.00—14.99 0.471 / / = 32.14 + 0.74 x 
8 41 15.00—15.99 0.192* y = 44.43 + 0.34 x 

* Stat is t ical ly non-s ign i f i can t 

tion should take a similar course with the appropriate coefficient b. Con-
firmation of this assumption is provided by the course of this relation in 
laboratory mice presented by R u s s e 1 et al. (1951). 

5. Haematocrit Values vs. Size of Red Blood Cells 

In order to examine this relation in Microtidae regression equations 
were calculated for different classes of RBC (Table 6). The general range 
of variation in the number of RBC in 1 mm3 of blood is fair ly large and 
in the 8 classes chosen varies f rom 8 to 16 mln. The coefficients of these 
correlations are statistically significant, except for that obtained for the 
least numerous class, and thus Hct value significantly depends on the 
size of the blood cells, if the number of these cells remains constant. 

Examination was next made of the dependence of coefficients b of 
these eight equations on RBC and the following equation obtained: y = 
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0.470 -f 0.008a:. The statistically non-significant correlation coefficient 
r = 0.146 permits to introduce a general relation between Hct value and 
size of the red blood cells for all Microtidae. It must, however, be remem-
bered that Hct also increase as the result of increase in RBC. It is also 
known that increase in number is accompanied by decrease in the size 
of red blood cells. This latter relation will thus to a certain extent modify 
the dependence of Hct on 4r2, reducing its significance. At the same t ime 
as increase in RBC increases Hct value, the decreasing size of the blood 
cells tends to lower this value and therefore the effect of the number of 
RBC on Hct value can be most accurately expressed only if 4r2 is cons-
tant and vice versa, the influence of the size of these cells on Hct value is 
expressed most exactly if number of RBC is constant. A more detailed ana-
lysis of these relations was not made since Hct value, which is the result 
of the reciprocal action of the number and size of RBC, would not appear 
to be of essential importance in characteristic of the respiratory function 
of a unit of blood volume. 

6. Haematocrit Values vs. Total Surface Area of Red Blood Cells 

The value 4r2 was taken as a measure of the surface area of one red 
blood cell, and thus correspondingly the measure of the total surface area 
of RBC will be the product of RBCX4r2. It therefore follows from this 
that an increase in this value may be achieved either by increasing the 
number of these cells, or by increasing their size. A case in which both 
these parameters increase simultaneously cannot of course be taken into 
consideration, as there is a reverse relation between them (Fig. 1). 

A discussion is given in sections 4 and 5 of this chapter of the effect of 
the number and size of RBC on Hct value. Increase in the number or in 
the size of these cells consequently causes increase in Hct value and also 
increase in total surface area. Therefore it is not surprising that the cor-
relation obtained for Microtidae between Hct value and total surface 
area of RBC is statistically significant: r = 0.660; y = 25.304 + 0.068a:. 
The simplest mechanism leading to increase in the total surface area of 
RBC is a rise in their number in 1 mm3 of blood, which usually causes 
an increase in Hct value. Increase in the total volume of the cells in the 
blood can, however, take place only up to certain limits, af ter which there 
is a possibility of their total surface area increasing without variations 
in Hct value accompanying it. This mechanism consists in the increase in 
number of RBC closely limited by their decreasing size. The ratio of vo-
lume of RBC to the total volume of the blood does not undergo change, 
Hct value remains the same, while the total surface area of RBC in-
creases. Therefore when considering regression expressing dependence of 
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Hct on RBCXAr2, this mechanism should be located in the vertical cross-
-section of the range of variations in the group of data analysed. It seems 
that this way of increasing the total surface area of RBC occurs primari ly 
in small mammals, and mention will be made of this in the fu r the r par t 
of this study. 

7. Haematocrit Values vs. Blood Haemoglobin Content 

A fur ther consequence of the relations already discussed is the corre-
lation between Hct value and Hb content in the blood of Microtidae: y = 
8.68 + 220.5x. The coefficient of this correlation is very high (r = 0.853), 
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which explains the small degree of variation in MCHC in these animals, 
since a strictly defined increase in Hb content corresponds to each in-
crease in Hct value. In view of the fact that the basic mechanism leading 
to increase in Hb content in blood is, in the case of Microtidae. increase 
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in the number of red blood cells, it is not difficult to understand that in 
simultaneously causes the corresponding rise in Hot value. The relation 
between Hct and Hb content in blood is thus in this case a reflection of 
the correlation between the number of RBC and the amount of Hb in 
a unit of blood volume. The modifying significance of changes in the size 
of blood cells comes within the tolerance limits of this relation and thus 
a slightly smaller or larger Hct value may correspond to the same Hb 
level in this range. 
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8. Haemoglobin Content vs. Total Surface Area of Red Blood Cells 

On the basis of the discussion given up to the present it might be ex-
pected that the relation between Hb content and total surface area of 
RBC will be very close, and in fact the correlation coefficient obtained 
for this relation is high, and the confidence area small (Fig. 7). Tolerance 
limits, on the other hand, are unexpectedly great, and they show that 
with the same Hb level the total surface area of blood cells varies fairly 
considerably. The explanation of this fact can be found in the mechanism 
specific to small mammals, increasing the total surface area of RBC in 
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a unit of blood volume. Increase in number with simultaneous decrease 
in the size of these cells may probably lead, in the case of animals with 
greater oxygen requirements, to increase in the total surface area of cells 
with unchanging Hb content in the unit of blood volume (Fig. 8). Only 
any considerable change in the size of the total surface area is probably 
connected with a change in Hb content. Acceptance of this interpretation 
involves the necessity for recognizing the fact that the same amount of 
Hb functioning in Microtidae over a greater area should be more efficient 
than when functioning over a smaller area. 

IV. R E L A T I O N BETWEEN T H E BLOOD VALUES AND BODY W E I G H T 
OF M A M M A L S 

1. The Concept of the Haemoglobinous Level 

Examination of the relation between Hb content in the unit of blood 
volume and the particular blood values in Microtidae permits of observing 
that the breadth of the vertical cross-section of the analysed groups of 
data is determined by stratification of data obtained for physiologically 
different groups of these animals. Stratification is probably governed by 
differences in the metabolic level of Microtidae depending on their eco-
logical and physiological situation ( G ę b c z y ń s k i , 1964; G ó r e c k i ,  
1968; G r o d z i ń s k i & G ó r e c k i , 1967). It was therefore postulated 
that when analysing the dependence of blood values on Hb level in mam-
mals, the variation in given value at a constant Hb content should result 
f rom the different metabolic requirements of these animals and thus 
should be defined by their different body weight, since it is known 
that the metabolic rate of mammals is the function of their body weight 
(K 1 e i b e r, 1961; P o c z o p k o, 1971). 

As all blood values in Microtidae depend on Hb content, it was decided 
first of all to establish its connection with the body weight of mammals 
(Fig. 9). It was found that the Hb content in a unit of blood volume does 
not depend on the i-ize of the animals, but that animals of a given body 
weight are characterized by fairly considerable differences in the Hb 
content in their blood. The conclusion then becomes obvious that the best 
form of examining variations in blood values in mammals will be to ana-
lyse their dependence on the animals' body weight and simultaneously, 
on Hb content. For this reason data f rom the author's own studies and 
those f rom literature were plotted against the body weight on a semilog-
arithmic scale. In this arrangement of co-ordinates the variation in par-
ticular blood values were traced in different haemoglobinous levels. Par-



24 A. Kostelecka-Myrcha 

ticular h a e m o g l o b i n o u s l e v e l s r e p r e s e n t a n i m a l s 
(both individuals of the same species and representatives of different 
species) p o s s e s i n g t h e s a m e Hb c o n t e n t i n 100 ml o f 
b l o o d . In distinguishing these levels it was accepted as a principle 
that the difference between them will always be 1 g°/o of Hb. 

RBCfmin.) 
35 

3(1 

Hb(g%) 

Fig. 11. Re la t ion be tween n u m b e r of RBC and H b content (g%) in m a m m a l s . 
(Numbers indica te m a m m a l species l isted in Appendix) . 

2. Number of Red Blood Cells 

Speaking in the most general way it may be said that the number of 
RBC decreases with increase in mammals ' body weight (Fig. 10), although 
this s tatement is not entirely accurate. If we consider the occurrence of 
some given RBC value it will be found that it may be encountered in 
mammals differing in body weight. An example of this is the straight 
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line corresponding to 10 mln. RBC in 1 mm3 of blood plotted parallel to 
the abscissa. It is not, however, difficult to see that it intersects the cur-
ves illustrating different haemoglobinous levels at points corresponding to 
different body weights of mammals. The same number of RBC may thus 
be found in animals of different body weight, but only when they have 
different haemoglobin content in a unit of blood volume. To put it more 
exactly, larger animals may have the same number of RBC as smaller 
animals, if the former have an correspondingly larger amount of Hb in 
the blood. 

There is always the same difference in the Hb content between the 
adjacent haemoglobinous levels as shown in Fig. 10. It is noticeable that 
the increase in the number of RBC is greater when it is associated with 
the rise in Hb content taking place in the range of its higher levels, than 
the increase in the number of RBC when it is associated with the same 
rise in Hb content taking place in the range of its lower levels. This is 
ful ly confirmed by the nonlinear character of the relation between RBC 
value and Hb content in the blood of mammals (Fig. 11). The straight line 
obtained illustrating this correlation in Microtidae thus proves to be only 
part of this general relation. While the general s tatement that the number 
of RBC decreases with increase in the body weight of mammals was 
inaccurate, it is completely accurate in relation to each of the haemoglobi-
nous levels separately. Attention must, however, be paid to the fact that 
decrease in the number of RBC together with increase in body weight in 
small animals (up to 50 g) takes place very intensively, and that in ani-
mals with greater body weight this decrease is very slow. Therefore when 
examining small animals it would be easy to reach an incorrect con-
clusion as to the decisive influence of body weight on the number of RBC 
in 1 mm3 of blood, and when examining larger or in the case of large 
animals to state that the Hb content in a unit of blood volume defines 
the number of these cells. 

Analysis of the relation between RBC and body weight of mammals 
made in the range of different haemoglobinous levels would thus appear 
to be a good method for ascertaining regularities in differences in the 
number of RBC in mammals. It also permits of interpreting f ragmentary 
observations on the relation of RBC to animals' body weight given by 
other authors ( D u n a w a y & L e w i s , 1965). 

3. Size of Red Blood Cells 

The size of RBC increases with increase in the body weight of mammals 
(Fig. 12). These changes thus take place in reverse to the course of 
changes in the number of these cells. It is on the other hand more difficult 
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to estimate differences in the size of these cells in animals with similar 
body weight but representing different haemoglobinous levels. In Micro-
tidae the correlation between 4r2 and Hb content is not statistically signi-
ficant, exhibiting a tendency to decrease, and thus smaller red blood cells 
correspond to a larger amount of Hb in the blood (Fig. 5). It would seem 
that this relation reflects the highly statistically significant relation be-
tween size and number of RBC (Fig. 1). As larger numbers of RBC are 
connected with greater amounts of Hb in a unit of blood volume and 
simultaneously higher values of RBC correspond to smaller cells, then 
a greater amount of Hb in the blood is accompanied by smaller cells. This 
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latter relation is, as already mentioned, only faintly marked in Microti-
dae. When a larger number of different species of mammals are taken 
into consideration it becomes more distinct (Fig. 13), but even so it is dif-
ficult to distinguish the various haemoglobinous levels. 

It can, however, be said on the basis of the above analysis that higher 
haemoglobinous levels are characterized by the occurrence of smaller 
cells. The fact that this connection is less distinctly marked than the 
connection between the corresponding number of RBC and given haemo-
globinous level can be explained as follows. Measurement of the diameter 
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of these cells may be not exact enough in relation to the slight changes 
in it which may, however, be of considerable significance to a change in 
their total volume. Evidence of this is provided by situations, f requently 
encountered, in which Hct value does not change with the intensive in-
crease in number of RBC and simultaneously only with slight decrease in 
their diameter. The examined change in diameter referr ing to one cell, 
multiplied by their number present in a unit of blood volume, con-
sequently gives considerable differences in the total volume of blood 
cells. Therefore, although changes ¿n the size of these cells are not very 
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distinctly marked, their physiological importance is very great, consisting 
in creating possibilities for fur ther increase in the number of RBC and 
consequently increase in their total surface area, with a minimum change 
in Hct value. 

To sum up the above discussion it may be said that in the range of the 
same haemoglobinous level blood cells increase in size together with the 
rise in the animals' body weight, and mammals with the same body 
weight have smaller blood cells when the haemoglobinous level repre-
sented by them is higher. 
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4. Haematocrit Value 

The relation between Hct and Hb content in blood was examined in 
fairly great detail by S e a l a n d e r (1965), who had a considerable 
amount of material at his disposal, consisting of data for 34 species, all of 
which were, however, small mammals. The same relation in Microtidae 
has the same pattern and is illustrated by a straight line. Using S e a -
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l a n d e r ' s results (1965), together with a large number of data taken 
from li terature referr ing to animals of different body weights, the relation 
between Hct value and Hb content in the blood of mammals has been 
presented (Fig. 14). 

The pattern of this relation is not unequivocal if all the data used are 
taken into consideration. Allowing for the fact that points lying above 
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their maximum density refer to large mountain animals and diving ani-
mals, it becomes clear that this relation is not of a linear character. At 
the same time this leads to the assumption that in animals breathing air 
with lower partial pressure of oxygen and periodically interrupting res-
piration, relations between blood values are shifted to a higher level, but 
probably their general type is the same as in other mammals, and there-
fore when considering variations in blood values in mammals the moun-
tain and diving animals have been excluded. 
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The curve illustrating the relation between Hct and Hb content shows 
that when increase in Hb content occurs in the range of higher haemo-
globinous levels it is accompanied by smaller increase in the Hct. 

Therefore on the diagram representing Hct value in mammals with dif-
ferent body weights the distances between successive, increasingly higher 
haemoglobinous levels decrease (Fig. 15). It is clear f rom this diagram that 
Hct does not depend on the size of the animals and is uniform within the 
range of the same haemoglobinous level. Therefore the mean corpuscular 
haemoglobin concentration (MCHC) is also constant in animals represent-
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ing the same haemoglobinous level, whereas in representatives of increas-
ingly higher haemoglobinous levels MCHC is increasinlgy greater, because 
a uniform increase in Hb content is accompanied by an increasingly small 
rise in the Hct values. 

In the light of this analysis »the law of constant haemoglobin concen-
tration« formulated by D r a s t i c h (1928) would appear correct for each 
of the haemoglobinous levels taken separately, but it is not correct for 
animals characterized by different Hb content in their blood. It is pro-
bably for this reason that E n z m a n n (1934) found that Drastich's cons-
tant is not sufficiently exact for growing rats, since Hb content in a unit 
of blood volume in the animals he examined was at first very low and 
next increased intensively. MCHC increased together with it owing to the 
far slower increase in Hct. It would therefore appear that the interpreta-
tion of changes in Hct in mammals given above is in fact a general ru le 
and explains the apparently contradictory facts observed by different 
authors. 

A reply to the question as to why increases in Hct value are increasing-
ly smaller at higher haemoglobinous levels is to be found in discussions 
of variations in number and size of RBC (section 2 and 3 of this chapter). 
If increases in the number of these cells are greater with a change in Hb 
content taking place in the range of its higher levels, there should also 
be greater increases in Hct. It is, however, a known fact that the size of 
blood cells decreases then and, as has been already shown, even slight 
changes in this value are very distinctly expressed in the change in total 
volume of RBC. It may therefore be assumed that despite the growth in 
increases of the number of these cells with change in Hb content taking 
place in the range of its higher levels, Hct value increases to a lesser ex-
tent owing to decrease in the size of RBC. 

As already stated, Hct value is uniform in animals belonging to the 
same haemoglobinous level. Even abrupt changes in the number of RBC 
taking place in small mammals with a change in their body weight do not 
affect haematocrit value. 

It may therefore be assumed that within the range of this same haemo-
globinous level a larger number of RBC causes to the same degree of in-
crease in their total volume as the smaller size of these cells causes de-
crease in Hot value. This same mechanism, observed in animals with the 
same body weight but belonging to different haemoglobinous levels, 
causes progresively smaller increase in the Hct value at higher haemo-
globinous levels. 

In the light of the facts given above a fu r the r conclusion arises relating 
to the significance of haematocrit in comparative studies and in diagno-
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sties. As Hct is the same in animals representing the same haemoglobi-
nous level it would be possible, not knowing the number and size of their 
RBC to assume, quite incorrectly, that the functional capacity of a unit 
of blood volume is similar in these animals. In addition the difference in 
Hct value in mammals is not in proportion to the differences in Hb con-
tent in their blood, and therefore without a knowledge of the number and 
size of RBC no conclusions can be drawn as to the capacity for oxygen 
carrying of a unit of blood volume. Haematocrit can thus only be of an 
auxiliary in haematological studies. Many authors decided not to define 
the number and size of RBC, limiting themselves only to measuring hae-
matocrit ( M o r r i s o n et al, 1963a, 1963b; S e a l a n d e r , 1965, 1966^ 
but as can be seen from the data given this approach is incorrect. It would 
seem that for diagnostic purposes Hct can be used as a measure of the 
number of RBC only when it is known that their size has undoubtedly 
remained unchanged. It must, however, be remembered that even small 
differences in the size of these blood cells are of considerable importance 
to a change in their total volume. 

5. Total Surface Area of Red Blood Cells 

The total surface area of red blood cells depends on mammals ' body 
weight (Fig. 16) and also on Hb content in their blood (Fig. 17). Its size 
decreases with increase in the body weight of the animals. These chan-
ges take place very suddenly in small mammals and very slowly in larger 
and large animals. The relation between the value of total surface area 
of RBC and Hb content is not linear. The highly statistically significant 
correlation between these values (Fig. 7) obtained for Microtidae thus 
proves to be only part of this wider relation. 

The mechanism increasing the total surface area of RBC, with unchang-
ing Hb content, held to be specific of small mammals, also applies to 
larger and large animals. Inaccuracy of this type arose, and may also arise 
in the case of a number of other relations, because changes in the various 
physiological values take place very abruptly in small mammals, and are 
therefore far more easily perceived than very slow changes of these 
values in large animals. 

The curve illustrating the relation between Hb content and total surface 
area of RBC shows that increase in the latter, always connected with the 
same degree of increase in Hb content, is greater if it takes place in the 
range of higher haemoglobinous levels. It follows f rom this that the 
greater the Hb content in the animals' blood, the relatively greater their 
total surface area of RBC. In other words, Hb content per unit of area of 
RBC in animals representing increasingly high haemoglobinous levels is 
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increasingly smaller. Similarly in the range of the same haemoglobinous 
level, the smaller the animal the greater its total surface area of RBC, 
and thus the Hb content per unit of this area is smaller. 

On these grounds the statement made by B ii r k e r (1922) that Hb con-
tent per unit of area of RBC in mammals is constant cannot be considered 
as correct, and similarly it is impossible to agree with C i z e v s k i's (1959) 
view that the total surface area of these cells in a unit of blood volume 
in mammals is uniform. Riirker's constant can be only very approxi-
mately correct for animals with body weights over 50 g and simultaneous-
ly representing the same (or very similar) haemoglobinous level. Even in 
this case, however, it will be correct only because the difference in the 
total surface area of RBC in these mammals is slight. It may be in-
sufficient to examine this difference f rom the statistical aspect, as an esti-
mate of the total surface area value is always burdened with some degree 
of error and even small differences may be of considerable functional 
significance in this context. 

When analysing changes in the total surface area of RBC in mammals 
the fact is visible that these changes occur similarly to changes in the 
number of RBC depending on the body weight of the animals and on Hb 
content in their blood (Fig. 10). The number of RBC is of decisive im-
portance in forming the value of their total surface area. Change in the 
diameter of these cells form an additional but very important mechanism, 
as it permits of fur ther growth of the number of RBC. Therefore the same 
increases in Hb content are accompanied by increasingly intensive increase 
in total surface area of the blood cells as they occur in the range of in-
creasingly higher haemoglobinous levels whereas the increase in Hct 
values is gradually smaller. Thus in consequence, within the range of each 
haemoglobinous level, animals of a given body weight have the greatest 
total erythrocytic surface area possible, with their smallest possible total 
volume. The essential na ture of the mechanism increasing the capacity 
of a unit of the blood volume to carry oxygen would thus appear to be 
the increase in Hb content in blood and the increase in total surface area 
of the RBC. 

6. Signif icance of the Concept of Haemoglobinous Leve ls 

When searching for the factor governing variation in blood values in 
mammals attention was directed primarily to the body weight of animals. 
The relation between these values characterizing the capacity of a unit 
of blood volume to carry oxygen with metabolic level, and thus indirectly 
also with the body weight of mammals, would appear completely sound. 
During the course of analysis it was found, however, that this relation 

Acta theriol. 3 
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does not arrange all data in a sufficiently exact way. If there is a cor-
relation between blood values and the body weight of mammals, then 
why do animals of often considerably different body weights have similar 
blood values, and conversely, data for animals with the same body weight 
often differ fair ly considerably. The explanation of these facts is usually 
sought for in the characteristic features of the species or of whole groups of 
mammals, and they have been connected with the particular physiological 
requirements of these animals and their living conditions. Such explana-
tions are undoubtedly correct, but these are only causes of the given 
demands made on the organism, not explaining the mechanism which is 
capable of ensuring that they are met. 

The introduction of the concept of haemoglobinous levels makes it pos-
sible to explain part of the complicated mechanism ensuring that the 
organism receives the oxygen it requires. Analysis of the relation be-
tween blood values and body weight of mammals made in the range of 
different haemoglobinous levels provided the explanation for a number 
of these only apparently contradictory observations, since it showed why 
the statements of certain authors, often accepted as general regularities 
in mammals, are not correct, without at the same time throwing doubt on 
the correctness of the facts they observed. 

The concept of haemoglobinous levels is of course a conventional con-
cept and it is possible to distinguish an optimal number of them. The re-
gularities found thus illustrate a certain continuity present in the varia-
tion in the blood values. Irrespective of whether the whole population 
or the same individual represents a different haemoglobinous level at 
different moments, a change in this level with a given body weight 
of the animals results in a strictly defined change in the blood values. 
The significance of this t reatment of regularities of changes in the 
values examined consists primarily in its dynamism, since it permits of 
reaching conclusions, on the basis of static morphological measurements, 
as to physiological changes characterizing the capacity of a unit of blood 
volume to carry oxygen at every moment in the animal's life. 

The method used for analysing changes in blood values permitted of 
making independent use of data obtained by different authors for the 
same species, since not only a given group of animals but even the same 
individual may at different moments represent a different haemoglobinous 
level. On this account the number of animals on which the authors based 
calculation of average blood values is also not important, since if the 
average value differed from the normal characteristic of the given 
group of animals, then all other blood values would also have to differ 
accordingly f rom the norm proper to them. These deviations cannot of 
course go beyond the limits of physiological variation in the values 
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considered, and therefore use was made only of these data in l i terature 
which apply to healthy animals living under given conditions described 
by the respective authors. 

The introduction into the analysis presented here of data f rom litera-
ture may also give rise to some doubts, on account of the different study 
methods used by different authors, since all ways of counting and mea-
suring RBC, all methods used to define Hb content in blood and Hct value 
are burdened with some degree of error. It would, however, appear that 
with so wide a range of material, including 126 species of mammals, with 
body weights ranging f rom a few grammes to over 100 kg, these errors 
do not distort the general picture of the regularities studied. This is shown 
by the fact that all the regularities found are consistently distributed and 
form a compact logical whole. An example of this is formed by the iden-
tical conclusions on intensity of changes in the particular blood values 
with even increases in Hb content in the blood, always arrived at twice 
on the basis of independently compared data. (Diagram presenting the 
relation between any given value and the body weight of mammals with-
in a range of different haemoglobinous levels and a diagram presenting 
the relation between this value and Hb content in blood). 

Without altering these general tendencies, the errors referred to may, 
however, significantly affect given values of the coefficients of equations 
expressing the relations examined, and therefore the material on which 
this double diagrammatic analysis of variation of blood values in mam-
mals was based is fully sufficient only for ascertaining its general regu-
larities. This analysis thus provides grounds for formulations of the kind 
such as, for instance, tha t the total surface area of RBC increases with 
constantly greater intensity when this increase takes place in the range 
of higher haemoglobinous levels, or the statement that within the range 
of the same haemoglobinous level the total surface area of RBC decreases 
with increase in the mammal 's body weight. However, it is impossible on 
the basis of this material to make an exact calculation of how great the 
increases are in total surface area of RBC between different haemoglobi-
nous levels, or to give equations exactly defining the degree of decrease 
in this area together with the increase in the animal's body weight. Simi-
larly it can be said that MCHC in the range of the same haemoglobinous 
level is constant, but its t rue value for each of these levels cannot be cal-
culated. Therefore in this study, general regularities were formulated for 
changes in blood values in mammals without setting them out in exact 
mathematical equation. 

On the basis of some data in l i terature (Mo t t , 1966, 1967) it may be 
assumed that introduction of the concept of haemoglobinous levels to 
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analysis of variation in other physiological values characterizing the re-
spiratory function of blood might also be of assistance in searching for 
general regularities. It would for instance appear likely that the percent-
age of body weight of mammals expressing the amount of blood circulat-
ing in the organism may prove to be constant within the same haemoglo-
binous level. 

V. C H A R A C T E R I S T I C OF T H E R E S P I R A T O R Y F U N C T I O N OF A UNIT 

OF BLOOD VOLUME 

1. An Attempt to Formulate an Equation Expressing the Possibility of a Unit 
of Blood Volume to Carry Oxygen 

It is of course obvious that the capacity of a unit of blood volume to 
carry oxygen depends on the amount of haemoglobin present in this unit . 
The interrelations between blood values in Microtidae and analysis of 
variations in these values in mammals presented in this study show that 
the physiological sense of the mechanisms observed is the maximum size 
of the total surface area of RBC in a unit of blood volume with simulta-
nously minimal total volume possible. Therefore the value of the total 
surface area of RBC can be considered as the second factor of equal im • 
portance as Hb content, defining f rom the morphological point of view 
the capacity of a unit of blood volume to carry oxygen. The following 
equation has been accepted to describe this capacity: 

F = Hb X RBC X 4r2, 

where Hb — amount of haemoglobin in mg/mm3 , RBC — number of red 
blood cells in mln/mm:}, 4r2 — the measure of surface of one blood cell 

in in2. 
Value F is an abstract number, expressing the capacity of a unit blood 

volume to carry oxygen. It must be emphasised that this value characte-
rizes a unit of the volume of blood circulating in the organism, as distinct 
f rom a static measurement of oxygen capacity, because the total surface 
area of RBC fulfi ls the relation between metabolic rate of the animals 
and the time of contact of these cells with oxygen in the lungs. It is known 
that haemoglobin takes up oxygen in the lungs extremely rapidly (K o r -
z u e v, 1964), but it is also known that if it is present in the blood cells 
this very considerably decreases ( G i b s o n et al., 1955). In animals with 
high metabolic level in which rapidity of linear flow of blood is greater 
(K 1 e i b e r, 1961) the t ime of contact of the various cells with oxygen in 
the lungs must be shorter than in animals with less intensive metabolism. 
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Thus within the same haemoglobinous level the greater total surface area 
of RBC in small animals enables correct and full use of the same amount 
of Hb which in large animals can be equally well used on a smaller 
total surface are of RBC. This mechanism leads to reduction in the 
amount of Hb per unit of surface of RBC in animals with greater 
metabolic rate, facilitating contact between pigment and oxygen. It is not 
only in the range of the same haemoglobinous level that the amount of 

Hb Hb per unit of surface area of RBC — decreases with decrease 
RBC X 4r2 

in mammals ' body weight, but is also smaller in animals representing 
higher haemoglobinous levels. 

In the light of these arguments it is not difficult to understand the fact 
that the value of this product in animals in normal physiological situations 
can decrease only by means of increase in the total surface of RBC, or by 
means of simultaneous increase in Hb content in blood and the more in-
tensive increase in total surface area of RBC, but this value never de-
creases through decrease in the amount of haemoglobin in the blood. 

It would thus appear that the equation enabling value F to be calcu-
lated on the basis of the amount of haemoglobin in the blood and value 
of the total surface area of RBC, includes all the regularities described 
here occurring in the blood values in mammals and should adequately 
describe, f rom the morphological aspect, the respiratory function of a unit 
of volume of the blood circulating in an organism. 

Attempts may be found in literature at generalizing existing interrela-
tions between blood values (D u n a w a y & L e w i s , 1965; R u s s e l 
et al., 1951 S e a l a n d e r , 1965). These are, however, f ragmentary ob-
servations forming only part, as shown in the preceding sections of this 
study, of far wider regularities occurring in mammals. More general 
t reatments of this problem are even far fewer. The concept of »haemo-
globinous area« introduced by G o t z e (1923; cited af ter K o r z u e v, 
1964) can be considered as an interesting at tempt of this kind, but it 
would appear that the value 0.1 occurring in the equation given by this 
author is completely unnecessary, because its introduction into all calcu-
lations has not any comparative significance. Inclusion of the total vo-
lume of RBC, equivalent to Hct value, which is only an additional con-
sequence of co-action between number and size of RBC, may even lead 
in certain situations to erroneous estimates of the respiratory function 
of a unit of blood volume. After eliminating the number 0.1 and the total 
volume of RBC f rom the denominator Gotze's equation would express 
a similar content to that of the equation given in this study F = Hb X 
RBC X 4r2. It would seem that the author, not having a suitable large 
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and varied amount of material, was unable to trace accurately the rela-
tions taking place between blood values. In considering probably all 
theoretical possibilities he found it necessary to introduce a total volume 
of RBC into the equation. The fundamenta l thought contained in Gôtze's  
equation is, however, correct and most certainly merits being remem-
bered. 

2. Possibilities of Application of an Equation Characterizing the Respiratory 
Function of a Unit of Blood Volume 

Calculation was made of value F in accordance with the proposed 
equation for all the groups of Microtidae examined. It can be seen from 
the data in Table 7 that among the 5 laboratory species of Microtidae it 
is C. glareolus which has the highest F value. The capacity of a unit of 
blood volume for oxygen transport characteristic of this species is sta-

Tab le 7 
A v e r a g e va lues F and conf idence in t e rva l s f o r d i f f e r e n t groups of Microtidae 

e x a m i n e d . 

Group F = UbXRBCX^ p —Hb2—0.0909Hb 
0.00026 

C. glareolus, n o r m a * 56.12+2.88 53.7 
C. glareolus, $ $ p r e g n a n t 45.89+8.17 — 

C. glareolus, $ $ l a c t a t i n g 43.87 + 6-14 — 
C. glareolus, T a t r a Mts., J u n e 66 70.91+6.37 — 

C. glareolus, T a t r a Mts., Sept . 65 62.62+6.30 — 

M. nivalis, T a t r a Mts. 38.37+2.95 — 

L. lagurus, no rma* 44.85+2.68 32.7 
M. agrestis, norma* 48.38+2.75 49.3 
M. arvalis, no rma* 49.65+3.44 82.7 
P. subterraneus, no rma* 49.80+2.87 42.7 

P . subterraneus, 2 - 3 yea r s old* 46.47+4.62 42.7 

* Laboratory 

tistieally significantly greater than the average values F obtained for 
the other four species of these rodents. The lowest value F was found 
for L. lagurus, and it fails to differ statistically significant only from 
value F calculated for M. agrestis. P. subterraneus, M. agrestis and M. 
arvalis have very similar values F which statistically do not differ. 

Average values F obtained for pregnant and nursing females of C. gla-
reolus do not exhibit significant differences f rom each other, but are 
statistically significantly lower than the value of norm for this species. 
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Changes in the capacity of a unit of blood volume to carry oxygen 
observed in P. subterraneus and C. glareolus in their postnatal develop-
ment take a different course in these two species. In the case of P. sub-
terraneus value F is the same throughout the whole of the life span and 
even in old individuals (2—3 years old) does not differ statistically f rom 
the average value being the norm for this species (Fig. 18). With C. gla-
reolus, on the other hand, postnatal anaemia is clearly marked and value 
F abruptly decreases during the first few days of life, af ter which it in-
creases intensively and becomes stabilized about the 30th day of develop-
ment (Fig. 19). 

Seasonal changes in value F in C. glareolus under natural conditions 
form evidence that the unit of blood volume in these animals has the 
best capacity for oxygen transport in late autumn and spring (Fig. 20). 
In winter this value is relatively high, and af ter attaining a spring peak, 
declines sharply and reaches a minimum in August. 

The average value F obtained for M. nivalis differs f rom this value in 
C. glareolus examined at the same time in both the Tatra Mountains and 
in lowland areas, being significantly lower (Table 7), while values F 
characteristic of mountain and plain populations of C. glareolus are 
statistically the same in both summer and autumn (Table 7). The 
conclusion can thus be confirmed that the capacity of a unit of blood 
value to carry oxygen is the same in lowland and mountain populations 
of C. glareolus, which could explain why the area of occurrence of this 
species is so extensive ( K o s t e l e c k a - M y r c h a , 1969; K o s t e-
l e c k a - M y r c h a et ah, 1970). It would therefore be interesting to 
examine F in different mammalian species occurring in mountains only 
and in populations of the same species living in areas situated at different 
heights above sea level. It is possible that the high value F in some 
species and low value F in other species or populations of this same 
species, living under conditions of lower partial oxygen pressure in the 
atmosphere is connected with the phylogenetic formation of these species. 

In earlier publications containing the blood picture of several species 
of Microtidae at different times and under different conditions of their 
life, at tempt was made to present this in a descriptive way and to com-
pare the capacity of a unit of blood volume to carry oxygen ( K o s t e -
l e c k a - M y r c h a , 1966b, 1967). Values F for these different groups of 
animals calculated and statistically compared ful ly confirm this descrip-
tive characterization. This fact deserves emphasis, as the final criterion 
of biological correctness of the equation accepted should be a check of its 
suitability for expressing different physiological and ecological situations 
of the organism. This equation fully meets the demands made on it. 
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Fig. 18. Value F du r ing pos tna ta l deve lopment of P. subterraneus. 
V = 47.56 + 0.0464x; r = 0.143; n = 208. 

Agefdays) 
Fig. 19. Changes in va lue F dur ing pos tna ta l deve lopment of C. glareolus. 

a) 1—6 days: y = 52.74 —5.50x; r = —0.718; n = 20 
b) 7—30 days: y = 19.38 + 0.865x; r = 0.637; n = 65 
c) 31—88 days: y = 44.90 + 0.056x; r -= 0.088; n = 113 
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A knowledge of the all blood values does not explain the changes f re -
quently observed, which may be of an adaptative character only, for 
maintaining value F in the range of the norm proper to the given spe-
cies, subordinated to the organism's current metabolic needs. In patho-
logical situations, however, deviation of value F f rom the norm may 
show that the compensating mechanisms are no longer able to maintain 
its normal value. Introduction of the equation expressing value F may 
thus be of significance in both comparative haematological and physio-

—i 1 1 i i i i i i , ,_ 
Y 1 W W 1 X X X I X E Î E M IV V VI 

Months 
Fig. 20. Seasonal changes in va lue F in C. glareolus. The line con ten t s ave rage va lues 
F obta ined for d i f f e r en t m o n t h s of the year . Ver t ica l sect ions indica te size of con-

f idence in te rva l s . 

logical studies, and may also prove useful in diagnostic practice. It is re-
markable that this equation expressing the capacity of a unit of blood 
volume to carry oxygen in normal, heal thy animals, also accurately des-
cribes the different forms of anaemia described by clinical researchers 
( K a s s i r s k i j & A 1 e k s e j e v, 1970). 

In evaluating the equation introduced f rom the practical point of view 
it must be admitted that it is not very convenient on account of the 
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necessity for ascertaining all the basic blood values for calculating value 
F. Taking the close correlation between Hb content and size of the total 
surface area of RBC in a unit of blood volume in Microtidae as a basis, 
an a t tempt was made at simplifying this equation. From conversion of 
the equation y — 0.0909 + 0.00026x, expressing the relation between Hb 

Hb —0.0909 
and RBC X 4r2 it was established that RBC X 4r2 = and 

0.00026 
relation was used to develop equation F = Hb X RBC X 4r2, obtaining 

Hb2 — 0.0909 Hb the final equation: F = 
0.00026 

Values F calculated f r o m equation F = Hb X RBC X 4r2 and f rom its 
simplified fo rm were d i f ferent in L. lagurus, P. subterraneus and M. ar- 
valis. In C. glareolus and M. agrestis, on the other hand, they were sta-
tistically the same (Table 7). This would appear unders tandable as the 
simplified equation is based on coefficients of the correlation between 
Hb and RBC X 4r2, common to all Microtidae. The data for C. glareolus 
and M. agrestis come closest to the straight line expressing this relation, 
example of the subordination of the respiratory funct ion of a unit of 
and al though data for the other species come within the tolerance limits 
of this equation its coefficients are not exact enough for them. Therefore 
the simplified equation expressing F is only approximately correct for 
all Microtidae. 

Formulat ing an approximate simplified equation of this kind for larger 
groups of mammals may be of some importance in comparat ive studies, 
but if constant control of blood values in any given species is required 
for diagnostic or economic purposes it would probably be too great 
a simplification to control value F solely on the basis of measurement of 
Hb content. It would be necessary f irst of all to establish the relation 
between Hb and RBC X 4r2 for this species only. 

3. Relation Between F and Metabolic Level in Animals 

Additional confirmation of the correctness of the equation presented 
above can be obtained by checking whe the r changes in va lue F a re in 
fact connected wi th changes in the metabolic level of animals. Seasonal 
variat ions in value F and metabolic level of C. glareolus m a y be a good 
example of the subordination of the value of the respira tory funct ion 
of a unit of blood volume to the animals ' metabolic requirements . The 
average daily metabolic ra te ( A D M R ) of C. glareolus given by G o r e c k i 
(1968) calculated per metabolic unit of body weight (kg0-75) shows tha t the 
voles' oxygen requi rements are higher in winter than in summer . Compar-
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T a b l e 8 
Blood ind ices a n d v a l u e s F f o r S. araneus a n d C. glareolus 

in w i n t e r . 

I n d e x S. araneus C. glareolus I n d e x Nov. 15 — F e b r . 25 D e c e m b e r 

H b m g / m m 8 0.211 0.198 
RBC m l n / m m 3 24.05 14.02 
H c t % 52.8 52.5 
D i a m e t e r RBC /li 4.65 4.87 
M C H C o/o 39.6 37.6 
F 109.2 65.8 
n 19 14 

F 

Body weight fg.J 

Fig. 21. Re l a t i on b e t w e e n v a l u e F a n d b o d y w e i g h t of m a m m a l s . 
( N u m b e r s i n d i c a t e m a m m a l spec ie s g iven in A p p e n d i x ) . 

a) m a m m a l s w i t h b o d y w e i g h t u p to 50 g : y = 143.2x—0-3io; r = — 0.615; n = 18 

b) m a m m a l s w i t h b o d y w e i g h t over 50 g: y = 77.25x—0.064; r = —0.453; n = 17 

c) t o t a l r e g r e s s i o n : y — 68.39x-o.052; r = —0.477; n = 35. 

ison of value F for S. araneus and C. glareolus examined in winter (Table 8) 
also permits of finding that the greater value F in shrews is probably-
connected with the metabolic level of this species, which is higher than 
in Microtidae ( G ^ b c z y n s k i , 1965; G r o d z i n s k i & G o r e c k i , 1967). 
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The existence of a definite connection between value F and metabolic 
rate suggests that there is a statistically significant relation between this 
value and the body weight of mammals (Fig. 21). Value F decreases in 
a linear way on a logarithmic scale together with increase in the ani-
mal's body weight, these changes taking place far more intensively in 
mammals with body weights of less than 50 g than in larger mammals. 
The considerable variation in this value in species with similar body 
weight can be explained by the fact that calculations were made on the 
basis of data obtained by different authors using different methods. It 
would, however, seem that these variations may also have their biolo-
gical causes. Some of them can be surmised f rom the different metabolic 
levels occurring in homoiothermic animals distinguished by P o c z o p -
k o (1971), who stated that the coefficient of the relation between meta-
bolic level and body weight is not uniform for all birds and mammals. 
Another cause may be intraspecific differentiation in value F depending 
on environmental factors. It can be seen f rom the diagram that the dif-
ference between value F obtained for C. glareolus in winter and summer 
is not connected with a change in voles' body weight. 

In the fu tu re it would be desirable to define the type of the relation 
between the capacity of a unit of blood volume for oxygen transport and 
the metabolic rate of mammals on the basis of abundant experimental 
material. The coefficients of exponential equations obtained, expressing 
the relation between value F and body weight of mammals (Fig. 21), 
differ f rom the coefficients of equations characterizing the relation be-
tween metabolic rate and body weight of these animals (K 1 e i b e r, 
1961; P o c z o p k o , 1971). It may therefore be concluded that the rela-
tion existing between value F and metabolic rate of mammals is not 
a simple one. 

If complex studies are carried out, including calculation of F, defini-
tion of total blood volume and measurement of metabolic rate, they 
should lead to formulating general regularities relating to an important 
mechanism of supplying mammal organisms possessing different meta-
bolic requirements with oxygen. 

VI. S U M M A R Y 

The mechanism regulating the capacity of a unit of blood volume in 
mammals to carry oxygen consists in corresponding changes in Hb con-
tent and size of the total surface area of RBC (RBC X 4r2) in this unit 
of volume. 

The amount of Hb in a unit of blood volume does not depend on the 
animals' body weight. Values of all other indices characterizing the res-
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piratory function of a unit of blood volume depend both on the body 
weight of mammals and on the amount of Hb in their blood. 

The introduction of the concept of a haemoglobinous level, represent-
ed by animals with the same Hb content in the blood, made it possible 
to examine variation in blood values in mammals in relation to their body 
weight and simultaneously to the blood Hb content. It also permitted to 
set in order apparently contradictory facts and to find their correct 
position emcng the general regularities of changes in blood values presented 
in this paper. Whole populations, and also single individuals represent 
different haemoglobinous levels at different times. A change in haemo-
globinous level always leads to a strictly defined changes in all blood 
values. This t reatment of variation of these values in mammals is thus 
a dynamic treatment, despite the fact that it is based on static morpholo-
gical measurements. 

The size of the total surface area of RBC within the range of the same 
haemoglobinous level decreases with increase in mammals ' body weight, 
these changes taking place more sharply in small (up to 50 g) than in 

large animals. 
The close correlation between Hb content and RBC X 4r2 is illustrated 

in Microtidae by a straight line forming par t of the relation common to 
mammals, which takes a non-linear course. The total surface area of 
RBC thus increases the more intensively with the same increases in Hb 
content, the more the latter occur in the range of higher haemoglobinous 
levels. Hence the conclusion that the same amount of Hb may function 
over a different area, and therefore B ü r k e r ' s statement (1922) cannot 
be considered as a general rule in mammals. 

Within the same haemoglobinous level the amount of Hb per unit of 
area of RBC decreases with decrease in the body weight of mammals. 
The growing Hb content in the blood is also accompanied by decrease in 
its amount per unit of area of RBC. The essence of this mechanism, per-
mitting of quicker contact of haemoglobin with oxygen, is always in-
crease in the total surface area of RBC and never decrease in the amount 
of haemoglobin in the blood. 

The number of RBC decreases with increase in the body weight of 
mammals within each haemoglobinous level. In small mammals (up to 
50 g) these changes take place abruptly, and in large mammals slowly. 
The relation between the number of these cells and Hb content in a unit 
of blood volume is il lustrated in Microtidae by a straight line, which is 
part of non-linear relation common to mammals. Increases in the number 
of RBC accompanying the same rises in Hb content are thus greater 
when they take place in the range of higher haemoglobinous levels. 
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The size of RBC, on the other hand, within each haemoglobinous level 
increases with the rise in the body weight of mammals. The higher the 
haemoglobinous level, the smaller the size of these cells. 

Changes in the number and size of RBC thus occur in accordance with 
a reverse and close relation between these values, which in Microtidae 
is characterized by an exponential equation. 

The relation between the size of RBC and Hb content in the blood of 
Microtidae is not statistically significant. The straight line expressing 
this relation has a tendency to decline, due to the fact that a larger 
amount of Hb is associated with a larger number of RBC, which in 
turn is accompanied by their smaller size. 

Changes in the size of these cells do thus not directly affect increase 
in Hb content or total surface area of RBC, but in the mechanism lead-
ing to increase in the capacity of a unit of blood volume to carry oxygen 
these changes are of considerable importance. Even a slight reduction in 
the size of RBC provides considerable opportunity for increase in their 
number. As a result increase in their total surface area becomes possible 
without changes in their total volume within the same haemoglobinous 
level. More intensive increase in the total surface area of RBC during 
a change in blood Hb content taking place at higher haemoglobinous 
levels, with simultaneously smaller intensity of Hct increase, is also 
made possible by decrease in the size of RBC. 

Within the same haemoglobinous level Hct does not change and there-
fore MCHC value is constant. In animals representing a higher haemoglo-
binous level MCHC is greater, since the same increase in Hb content is 
accompanied by increasingly less intensive rise in Hct. The law of cons-
tant Hb concentration formulated by D r a s t i c h (1928) is therefore 
correct only for each of the haemoglobinous levels separately. This is 
confirmed by the non-linear relation obtained for mammals between Hct 
value and amount of Hb in a unit of blood volume. 

Some mountain and diving mammals have a higher Hb content in 
their blood than would arise f rom this relation. It may therefore be 
assumed that all the relations characterizing the respiratory function of 
a unit of their blood value are shifted to a higher level. 

The analysis presented led to formulation of the equation F = Hb X 
RBC X 4r2, describing the capacity of a unit of blood volume to carry 
oxygen. This is a dynamic characteristic, as distinct f rom the static 
measurement of oxygen capacity since the size of the total surface area 
of RBC fulf i ls the relation between metabolic rate of mammals and the 
t ime their RBC are in contact with oxygen in the lungs. 

Value F calculated for different species of Microtidae provides a good 
characteristic of differences in the respiratory function of a unit of the 
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volume of blood circulating in the organism of these animals in different 
physiological and ecological situations. It was found that value F de-
creases with an increase in the body weight of mammals. This relation 
is expressed in a logarithmic scale by straight lines, suggesting a relation 
between value F and metabolic rate of animals. 

A simplified equation expressing F on the basis of a knowledge of Hb  
content only in a unit of blood volume, arrivied at on the basis of the 
relation between Hb and RBC X 4r2 may be of theoretical and practical 
importance in certain comparative studies and in diagnostics. 
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A P P E N D I X 

L I S T O F M A M M A L S P E C I E S USED IN C O M P A R A T I V E STUDIES 
M — males , F — females 

No. Species, sex, r e f e r e n c e No. Species, sex, r e f e r e n c e 

MARSUPIALIA 
1 Didelphis marsupialis virginiana' 
2 Didelphis virginiana87 

,79 6 Sorex f . fumeus, M79 

7 Sorex araneus, th is pape r 
8 Sorex minutus, this paper 
9 Blarina brevicauda talpoides, M79 

10 Blarina brevicauda talpoides, F79 

11 Erinaceus europaeus3 

12 Hemiechinus albulus tauricus45 

INSECTIVORA 
3 Cryptotis p. parva, F79 

4 Sorex c. cinereus, F79 

5 Sorex c. cinereus, M79 
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CHIROPTERA 

13 Plecotus townsendi ingens, M79 

14 Plecotus auritus31 

15 Pipistrellus s. subflavus, M79 

16 Pipistrellus s. subflavus, F79 

17 Myotis grisescens, F79 

18 Myotis myotis31 

19 Myotis nattereri31 

20 Nyctalus noctula31 

21 Phyllostomus discolor89 

22 Carollia perspicillata89 

23 Artibeus jamaicensis89 

24 Artibeus lituratus89 

PRIMATES 

25 Tupaia glis, M38 

26 Tupaia glis, F3 8 

27 Macaca nemestrina, M72 

28 Macaca nemestrina, F72 

29 Pan troglodytes46 

30 Homo sapiens46 

LAGOMORPHA 

31 Sylvilagus floridanus alacer, M79 

32 Sylvilagus floridanus alacer, F79 

33 Oryctolagus cuniculus9 

34 Rabbi t 2 2 

35 Rabbi t 8 1 

36 Lepus timidus48 

37 Lepus europaeus46 

38 Lepus europaeus57 

RODENTIA 

39 Sciurus carolinensis, M32 

40 Sciurus carolinensis, F32 

41 Sciurus carolinensis33 

42 Marmota marmota37 

43 Marmota monax73 

44 Marmota monax33 

45 Marmota monax33 

46 Marmota monax34 

47 Cynomys ludovicianus33 

48 Citellus columbianus, M79 

49 Citellus undulatus86 

50 Citellus undulatus37 

51 Citellus suslica4ñ 

52 Citellus pygmaeus(0 

53 Citellus tridecemlineatus74, 83 

54 Citellus tridecemlineatus33 

55 Citellus I. lateralis, M79 

56 Spermophilus tereticaudatus33 

57 Amnospermophilus harasii33 

58 Tamias striatus lysteri, M79 

59 Tamias striatus lysteri, F79 

60 Tamias striatus venustus, M79 

61 Eutamias minimus consobrinus, 
M79 

62 Eutamias minimus consobrinus, 
Jf79 

63 Dipodomys ordii, M79 

64 Thomomys talpoides fossor, M79 

65 Perognathus hispidus, M79 

66 Oryzomys p. palustris, M79 

67 Oryzomys p. palustris, F79 

68 Oryzomys palustris texensis, F7* 
69 Reithrodontomys fulvescens 

aurantius, M79 

70 Reithrodontomys fulvescens 
aurantius, F79 

71 Peromyscus crinitus auripectus, 
F7 9 

72 Peromyscus maniculatus osgoodi, 
JT79 

73 Peromyscus maniculatus rufinus, 
M79 

74 Peromyscus maniculatus rufinus, 
JT79 

75 Peromyscus maniculatus ozarkia-
num, M79 

76 Peromyscus maniculatus ozarkia-
num, F79 

77 Peromyscus maniculatus rufinus85 

78 a—h Peromyscus maniculatus78 

79 Peromyscus polionotus79 

80 Peromyscus leucopus novebora-
censis, M79 

81 Peromyscus leucopus novebora-
censis, F79 

82 Peromyscus l. leucopus, F79 

83 Peromyscus l. leucopus, F20 

84 a—i Peromyscus l. leucopus78 

85 Peromyscus l. leucopus11 

86 Peromyscus boylii attwateri, M79 

87 a—g Peromyscus boylii76 

88 Peromyscus nuttalli flammeus, 
M 7 9 

89 Onychomys leucogaster, M79 

90 Sigmodon h. hispidus, M79 

91 Sigmodon h. hispidus, F79 

92 Sigmodon h. hispidusi0 

93 Sigmodon hispidus texianus35 

94 Neotoma floridana osagensis, M79 

95 Neotoma floridana osagensis, F79 

96 Mesocricetus auratus, M82 

97 Mesocricetus auratus, F82 

98 Mesocricetus auratus6 

99 Mesocricetus auratus55 

100 Mesocricetus auratus23 

101 Cricetulus grisenseo 

102 Lemmus sibiricus54 

103 Clethrionomys gapperi galei, M79 

104 Clethrionomys gapperi galei, F79 

105 Clethrionomys glareolusi0 

106 Clethrionomys glareolus 
(Tatra Mts. — June) r o 

107 Clethrionomys glareolus 
(Ta t ra Mts. — Sept.)™ 

108 Clethrionomys glareolus 
(Lowland — Dec.)E0 

109 Clethrionomys glareolus 
(Lowland — June)E 0 

110 Clethrionomys rutilus dawsoni8' 
111 Pitymys pinetorum20 

112 Pitymys subterraneus47 

113 Microtus arvalis47 
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114 Microtus nivalis49 

115 Microtus agrestis47 

116 Microtus pinetorum nemoralis, M79 

117 Microtus pinetorum nemoralis, F79 

118 Microtus montanus fusus, F79 

119 Microtus longicaudus mordax, M' 9 

120 Microtus oeconomusss 

121 Microtus oeconomus chachlovi54 

122 Lagurus lagurus47 

123 Lagurus lagurus66 

124 Hesperomys sorella81, 62 

125 Phyllotis darvini limatus61, 62 

126 Phyllotis darvini chilensis61, 62 

127 Phyllotis pictus61,'2 

128 Mus musculus61,62 

129 Mus musculus79 

130 Mus musculus40 

131 Whi t e mouse, H7 0 

132 Whi t e mouse, CBA<° 
133 Whi te mouse, C57 '° 
134 Whi te mouse, C3H-° 
135 Whi te mouse, dba:0 

136 Rattus norvegicus8 

137 Rattus rattus81 

138 Whi t e ra t , Wistar 7 1 

139 Whi te rat , Sprague-Dawley 7 8 

140 Whi t e ra t 2 1 

141 Whi te ra t 1 

142 Apodemus sylvaticus ciscaucasi-
cus41 

143 Glis glis46 

144 Zapus p. princeps79 

145 G u i n e a pig24 

146 Chinchilla lanigera43 

147 Chinchinulla sahamae11,62 

148 Myocastor coypus18,34 

CETACEA 
149 Tursiops tursio46 

150 Delphinus delphis48 

151 Phocaena phocaenai6 

152 Phocaena phocaena48 

CARNIVORA 

153 Dog58 

154 Vulpes fulva48 

155 Vulpes fulva2 

156 Alopex lagopus2 

157 Ursus americanus*-0 

158 Ursus americanus15 

159 Ursus americanus15 

160 Ursus americanus77 

161 Ursus americanus77 

162 Mustela erminea46 

163 Mustela vison48 

PINIPEDIA 

164 Phoca vitulina46 

165 Eumetopias stelleri48 

ARTIODACTYLA 

166 Sus scrofa52 

167 Lama glama48 

168 Odocoileus virginianus93,84 

169 Odocoileus h. hemionus4 

170 Rangifer tarandus, M2 8 

171 Rangifer tarandus, F2 8 

172 Rangifer tarandus groenlandicus 
lfl 17 

173 Cow (swedish)4 8 

174 Cow of Dages tan breed 4 8 

175 Bos zebu indicus58 

176 Gazella subgutturosa46 

177 Goat4 8 

178 Mer ino sheep, r u s s i an breeding 4 8 

179 Sheep of Gissar breed 4 8 

180 Sheep of Dages tan breed 4 8 

181 Capra ibex sibirica48 

182 Capra falconeri46 

183 Ovis ammon poli48 

184 Ovis ammon vignei48 

185 Ovis musimon46 

Alina K O S T E L E C K A - M Y R C H A 

P R A W I D Ł O W O Ś C I ZMIAN W S K A Ź N I K Ó W C Z E R W O N O K R W I N K O W Y C H 

C H A R A K T E R Y Z U J Ą C E ODDECHOWĄ F U N K C J Ę K R W I S S A K Ó W 

Streszczenie 

P rzeprowadzono anal izą w z a j e m n y c h zależności pomiędzy c z e r w o n o k r w i n k o w y m i 
wskaźn ikami u 1072 osobników należących do 6 g a t u n k ó w Microtidae. Zależności te 
opracowano statystycznie , obl iczając współczynniki korelacj i , r ó w n a n i a regres j i oraz 
g ran ice ufności i to le ranc j i tych równań . Zbadano także p ionowe p r z e k r o j e po-
przeczne rozpa t rywanych zbiorów przeds tawia jących n iek tóre zależności (Fig. 2, 4, 
6, 8, Tabela 3). 
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Analiza ta była p u n k t e m wyjśc ia do prześledzenia ogólnej zmienności cze rwono-
k rwinkowych w s k a ź n i k ó w u ssaków. W t e j części p racy opar to się n a b a d a n i a c h 
własnych p rzeprowadzonych zarówno na Microtidae, j ak również na dwóch g a t u n -
kach Soricidae oraz Sus scrofa L., a także wykorzys t ano podane w l i t e ra tu rze w a r -
tości wskaźników k r w i innych ssaków. Dysponowano ogólnie danymi dla 126 g a t u n -
k ó w należących do 10 rzędów. P rzeana l i zowano zależność war tośc i poszczególnych 
wskaźników k r w i od ciężaru ciała tych zwierząt . 

Mechanizm r e g u l u j ą c y zdolność jednos tk i objętości k r w i ssaków do t r a n s p o r t u 
t lenu polega na odpowiednich zmianach zawar tośc i H b i wielkości s u m a r y c z n e j po-
wierzchni czerwonych k r w i n e k (RBC X 4rz) w t e j jednos tce objętości . 

Ilość Hb w jednos tce objętości k r w i n ie zależy od ciężaru ciała zwierząt (Fig. 9). 
Wartości wszystkich pozostałych wskaźn ików, cha rak t e ryzu j ących oddechową f u n k -
c ję t e j j ednos tk i objętości, zależą za równo od ciężaru ciała s saków jak i od z a w a r -
tości Hb w ich k rwi . 

Wprowadzen ie pojęcia poziomu hemoglobinowego, r ep rezen towanego przez zwie-
rzę ta o j e d n a k o w e j zawar tośc i Hb w e k rwi , umożliwiło zbadanie zmienności w s k a ź -
n ików cze rwonokrwinkowych u ssaków w zależności od ich ciężaru ciała i r ó w n o -
cześnie od ilości H b we krwi . W p r o w a d z e n i e tego po jęc ia pozwoliło u p o r z ą d k o w a ć 
pozornie sprzeczne ze sobą f a k t y i znaleźć właśc iwe ich mie jsce w w y p r o w a d z o n y c h 
ogólnych prawid łowośc iach zmian wskaźn ików cze rwonokrwinkowych u ssaków. Ca-
łe populacje , a t akże poszczególne osobniki r e p r e z e n t u j ą w różnych m o m e n t a c h róż-
ne poziomy hemoglobinowe. Zmiana poziomu hemoglobinowego pociąga za sobą za-
wsze ściśle okreś loną zmianę wszystkich wskaźn ików cze rwonokrwinkowych . T a k i e 
u jęc ie zmienności tych wskaźn ików u s saków jest więc u jęc iem dynamicznym mimo, 
że opiera się na morfologicznych, s ta tycznych pomiarach . 

Wielkość s u m a r y c z n e j powierzchni czerwonych k r w i n e k w zakresie tego samego 
poziomu hemoglobinowego ma le j e ze wzros t em ciężaru ciała ssaków, przy czym 
zmiany te zachodzą g w a ł t o w n i e j u m a ł y c h (do 50 g) niż u dużych zwierzą t (Fig. 16). 

Ścisłą ko re lac ję między ilością H b a RBC X 4r* i l u s t r u j e u Microtidae l inia p ro -
s ta (Fig. 7), będąca częścią ogólnej dla s s a k ó w zależności, k tó r e j przebieg m a cha -
r a k t e r nie l in iowy (Fig. 17). Sumaryczna powierzchnia czerwonych k r w i n e k zwięk-
sza się więc t y m in t ensywnie j przy j ednakowych wzros tach ilości Hb, im o d b y w a j ą 
się one w zakres ie wyższych poziomów hemoglobinowych . Wypływa s tąd wniosek , 
że ta sama ilość H b może f u n k c j o n o w a ć na różne j powierzchni , wobec czego t w i e r -
dzenia B ii r k e r a (1922) nie można uz na ć za p rawid łowość ogólną u s saków. 

W zakresie tego samego poziomu hemoglobinowego ilość H b p r z y p a d a j ą c a n a j e d -
nostkę powierzchni k r w i n e k zmnie jsza się wraz ze zmnie j szan iem się ciężaru ciała 
ssaków. W z r a s t a j ą c e j zawar tośc i hemoglobiny we k r w i towarzyszy także zmnie j sza -
nie się j e j ilości p r z y p a d a j ą c e j na j ednos tkę powierzchni czerwonych k rwinek . I s to-
tą tego mechan izmu, umożl iwia jącego szybszy k o n t a k t hemoglobiny z t lenem, jest 
zawsze wzrost s u m a r y c z n e j powierzchni k r w i n e k , nigdy zaś zmnie jszenie się ilości 
hemoglobiny we k rwi . 

Liczba czerwonych k r w i n e k m a l e j e wraz ze wzros t em ciężaru ciała s saków w za-
kres ie każdego poziomu hemoglobinowego (Fig. 10). U małych ssaków (do 50 g) 
zmiany te p r zeb i ega j ą gwał townie , a u większych powoli . Zależność liczby cze rwo-
nych k r w i n e k od zawar tośc i H b w jednos tce objętości k r w i i l u s t ru j e u Microtidae 
linia pros ta (Fig. 3), k tóra jest częścią ogólnej dla s s a k ó w zależności nie l i n iowe j 
(Fig. 11). P rzyros ty liczby czerwonych k r w i n e k towarzyszące j e d n a k o w y m wzros tom 
ilości H b są więc t y m większe, im o d b y w a j ą się w zakres ie wyższych poz iomów h e -
moglobinowych. 
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Wielkość czerwonych k r w i n e k na tomias t w zakres ie każdego poziomu hemoglob i -
nowego rośnie w r a z ze wzros t em ciężaru ciała s saków (Fig. 12). I m wyższy poziom 
hemoglobiny, t y m wielkość tych komórek jest mn ie j sza (Fig. 13). 

Zmiany liczby i wielkości czerwonych k r w i n e k u k ł a d a j ą się więc w myś l o d w r o t -
n e j i ścisłej zależności zachodzącej pomiędzy tymi wskaźn ikami , k t ó r ą u Microtidae 
c h a r a k t e r y z u j e r ó w n a n i e wykładnicze (Fig. 1). 

Zależność między wielkością k r w i n e k a zawar tością H b we k r w i Microtidae jes t 
s ta tys tycznie n ie i s to tna (Fig. 5). P ros t a w y r a ż a j ą c a tę zależność m a t e n d e n c j ę spad -
kową , w y n i k a j ą c ą z f ak tu , że większa ilość Hb związana jest z większą l iczbą k r w i -
nek, k tó re j z kolei towarzyszy mnie j sza ich wielkość. Zmiany wielkości tych k o m ó -
rek nie m a j ą więc bezpośredniego w p ł y w u na wzros t ilości H b i s u m a r y c z n e j po-
wierzchni czerwonych k rwinek , ponieważ wzrostowi liczby towarzyszy zmnie j szan ie 
się ich rozmiarów. W mechan izmie p r o w a d z ą c y m do zwiększenia zdolności j ednos tk i 
objętości k r w i do t r anspo r tu t lenu, zmiany te m a j ą j ednak is totne znaczenie . N a w e t 
n iewielk ie zmnie jszenie się wielkości k r w i n e k d a j e bowiem duże możl iwości zwięk-
szenia ich liczby. W rezul tac ie możl iwe się s t a j e zwiększenie ich s u m a r y c z n e j po-
wierzchni , bez zmiany ich sumaryczne j objętości w zakres ie tego samego poziomu 
hemoglobinowego. In t ensywnie j sze zwiększenie sumaryczne j powierzchni k r w i n e k 
podczas zmiany zawar tośc i Hb o d b y w a j ą c e j się w zakres ie wyższych poz iomów h e -
moglobinowych, przy równocześnie mn ie j s ze j in tensywności wzros tu Het , umożl iwia 
t akże ma le j ąca wie lkość k r w i n e k . 

Wielkość czerwonych k r w i n e k m o d y f i k u j e w is totny sposób zależność zachodzącą 
między Het i RBC, co również świadczy o tym, że n a w e t n iewie lk ie j e j zmiany w y -
r a ż a j ą się ostro w s u m a r y c z n e j objętości tych komórek . War tość h e m a t o k r y t u jes t 
więc tylko kon iecznym nas t ęps twem współzależności zachodzącej między liczbą 
i wielkością k r w i n e k , k tó re j i s to tnym f izjologicznym sensem jest zwiększenie ilości 
H b i sumaryczne j powierzchni czerwonych k rwinek . Okreś lenie war tośc i Het nie 
może więc zastąpić znajomości liczby i wielkości tych komórek . 

W zakresie tego samego poziomu hemoglobinowego Het nie zmienia się (Fig. 15), 
wobec czego również war tość MCHC jest s tała . Na tomias t u zwierzą t r e p r e z e n t u j ą -
cych wyższy poziom hemoglobinowy MCHC jest większa, pon ieważ j e d n a k o w y m 
wzros tom ilości H b towarzyszy coraz m n i e j i n t ensywny wzrost Het . P r a w o s ta łe j 
koncen t rac j i Hb, s f o r m u ł o w a n e przez D r a s t i c h a (1928) jest więc s łuszne tylko 
dla każdego z poziomów hemoglobinowych oddzielnie. Po twie rdza to o t r z y m a n a dla 
s saków nie l in iowa zależność między war tośc ią Het a ilością H b w jednos tce ob ję to -
ści k r w i (Fig. 14). 

Niek tóre ssaki górskie i n u r k u j ą c e m a j ą wyższą zawar tość H b w e k rwi , niż by to 
wyn ika ło z t e j zależności. Można przypuszczać więc, że wszys tk ie zależności cha -
r a k t e r y z u j ą c e f u n k c j ę oddechową jednostki objętości ich k r w i są p rzesunię te na 
wyższy poziom. 

P rzeds t awiona anal iza doprowadzi ła do s fo rmułowan ia wzoru F — H b X RBC X 4r2, 
c h a r a k t e r y z u j ą c e g o zdolność jednostki objętości k r w i do t r a n s p o r t u t lenu . J e s t to 
c h a r a k t e r y s t y k a dynamiczna w odróżnieniu od s ta tys tycznego p o m i a r u po jemnośc i 
t l enowej , pon ieważ wielkość s u m a r y c z n e j powierzchni czerwonych k r w i n e k rea l i -
z u j e związek z t e m p e m metabol izmu ssaków i czasem k o n t a k t u ich czerwonych 
k r w i n e k z t l enem w płucach. 

Obliczone F dla różnych g a t u n k ó w Microtidae dobrze c h a r a k t e r y z u j e różnice w 
oddechowe j f u n k c j i j ednos tk i objętości k r w i k rążące j w organ izmie tych zwierząt , 
z n a j d u j ą c y c h się w różnych sy tuac jach f izjologicznych i ekologicznych (Fig. 18, 19, 
20, Tabe la 7 i 8). 
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Stwierdzono , że war tość F m a l e j e w r a z ze wzros t em ciężaru ciała ssaków. Za-
leżność tę w y r a ż a j ą na skali l oga ry tmiczne j l inie pros te , s u g e r u j ą c e związek wie l -
kości F z t e m p e m metabo l izmu zwierząt (Fig. 21). 

Uproszczony wzór w y r a ż a j ą c y F na pods t awie zna jomośc i wyłączn ie zawar tośc i 
H b w jednos tce objętości k rwi , wyprowadzony w oparc iu o zależność H b od RBC X 
X4r 2 może mieć znaczenie teore tyczne i p r ak tyczne w n i ek tó rych badan iach p o r ó w -
nawczych i w diagnostyce . 


