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VI Further Experiments upon the Blood Volume of Mammals and its Relation
to the Surface Area of the Body.

By Georees DrevER, M.4., M.D., Professor of Pathology wn the University of
Oxford, and Wirniam Ray, M.B., B.Sc., Plailip Walker Student in Pathology
wn the Unwversity of Oxford.

Communicated by Prof. FraNcis Gorer, F.R.S.
(Received October 24,—Read December 7, 1911.)

(From the Department of Pathology, University of Oxford.)

In previous papers® we have shown that the blood volume of normal and healthy
mammals, such as rabbits, guinea-pigs, and mice, is satisfactorily expressed by the
formula B =W"/k, where B is the blood volume in cubic centimetres, W the weight
of the individual in grammes, n approximately 4, and & a constant (calculated from
the experiments), which varies with the particular species of animal. This formula
indicates that the smaller and lighter animals of any given species, which have a
relatively greater body surface than the heavier ones, have also a relatively greater
blood volume—in other words, the blood wvolume can be expressed as a jfunction
of the body surface, and it must therefore be misleading to express it in per cent.
of the body weight, since when so expressed it is not a constant for any given
species of mammal. ‘

As it was of interest to ascertain whether wild animals of closely allied species
would differ greatly as regards their blood volume from the above-mentioned tame
animals, we have determined the blood volume of hares, wild rabbits, and wild rats.

Technigue—The animals were used for the experiments immediately, or within
a few days of capture. In the case of the hare and wild rabbit, the blood volume
was determined by washing out the circulatory system with oxygendted Locke’s
fluid according to the method given in our last paper, and in the wild rat, by
- Welcker's method, modified as described in the same paper.

In all the tables, as in our previous paper, the weight of the animals is
“ Rohgewicht ” in grammes, #.e., the weight of the contents of the alimentary
canal is not deducted : the blood volume is given in cubic centimetres, and the
heemoglobin is expressed as a percentage of the amount normal in man (man=100 per
cent.).

In Table I are given the experimental results of the determination of the blood
volume of five hares of weights varying from 2550 to 3780 grms., as well as

* Vide references at end.
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192 PROF. ¢. DREYER AND MR. W. RAY ON THE BLOOD VOLUME OF

the values for the blood constant % ( = W?#/B), and the ratio of the blood volume
to body weight expressed as a percentage of the latter.

Tasre I
. Haemoglobin Blood volume |
No. | Sex. (‘:‘Bﬁd{ Vgelf;}ﬁz‘ ) per cent. Bl(;)}?s%;{%]gme B}co?ciewmijg)nt, as percentage of
OREEWICHET) | (Man = 100.) ved = WD) body weight.
f
grammes. C.C. '
1 a3 2550 115-2 192-0 0-97 7-53
2 g 2670 98-8 216-2 0-89 8-10
3 g 2680 115-9 215-0 0-90 8-02
4 3 2960 116-2 220°0 0-94 7-43
5 8 3780 1146 2420 1-00 640
Average . . . 112-1 — 0-94 7-50

It is seen that the blood constant exhibits relatively small non-periodic deviations,
and hence that, as shown in our previous communications, the lighter animals have
a greater percentage of blood than the heavier ones. The average value of £ is
0'94, and the average percentage 7°50.

TapLe II.

Blood volume Difference f Blood volunie Difference
Bodv weight Blood caleulated between blood i calculated as | between blood
No. « Rofz’ ewicght ‘,,) volume B - VVé / L volume . per cent. (7°50) volume
g ’ observed. (& _ 0-9 4‘) calculated and of body calculated and
v . observed. weight. observed.
| ’
grammes. c.e. c.c. per cent. c.c. per cent.
1 2550 192-0 198-6 332 191-2 0-42
2 2670 216-2 2047 5-62 2002 799
3 2680 - 215-0 205-2 4-78 2010 697
4 2960 220-0 219-4 0-27 222-0 0-90
5 3780 2420 2581 6-24 2830 14-49
Average . . . 4-05 — 6-15

In Table II it will be seen that the average deviation between the calculated and
observed figures is only 405 per cent. if the blood volume is calculated as a
function of the surface, while it is 615 per cent. when calculated as a percentage of
the body weight.

In Tables III, IV, V, and VI are given the results of our experiments upon the
blood volume of 11 wild rabbits, ranging in weight from 1195 to 1570 grms. In
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Table 11T are given the blood volumes and the heemoglobin percentages, as well as the
blood constant k(= W?/B) and the blood volume expressed as percentage of body

weight.
TasLe III.
> . Heemoglobin Blood volume
No. | Sex. (“Iiggg XVV‘;:%}}: tt ',,) per cent. Blggi:oégme B}f)z) ﬂ %%27%“’ as percentage
g ) | (Man = 100.) ved. = * | of body weight.
grammes. c.c
1 8 1195 93-0 54-8 2-05 4-59
2 ¢ 1350 896 56-0 2-18 4-15
3 1 9 1350 812 61-0 200 4:52
4 0 2 1390 75-3 64-0 1-95 460
5 4 1440 830 64-5 1:98 4-48
6 ? 1450 806 619 2:07 4-27
7 e 1480 947 670 1-94 453
8 Q 1500 829 61-3 2-14 4-09
9 g 1520 97-3 628 2-10 4-13
10 | ¢ | 1550 88-1 710 1-89 458
11 3 1570 822 645 2-10 4-11
Average 862 — 2-04 4-37

The average blood constant is 2:04, and the average percentage of blood to body

weight is 4°37.

Tasre IV.
| Blood volume | Difference Blood volume Difference |
Bod o Blood 1o 1| between caleulated as | between blood |
ody weight. . caleulated. | .
No. (« Rohgewich.”) volume B = Wik | blood volume | per cent. (4-37) volume
o ohserved. i — 208, | calculated and of body caleulated and
(k= ) | observed. weight. observed.
——— e —— T .

grammes. c.c. c.c. . per cent. Z C.C. per cent.
1 1195 54-8 552 | 0-72 522 4-98
2 1350 - H6-0 599 6-51 59-0 5-08
3 1350 [ 610 59-9 1-84 590 339
4 1390 | 64-0 61-1 4-75 607 5-44
5 1440 . 645 625 3-20 629 2-54
6 1450 61-9 62-8 1-43 634 2-37
ST 1480 670 637 5-18 , 64+ 355
-8 1500 613 642 4-52 ‘ 655 6-41
9 1520 628 64-8 3-09 | 66-4 542
F10 1550 710 657 8-07 | 677 4-87
P11 1570 645 662 2-57 | 686 5-98

| !

* Average . . . 3-81 — 4-55

In Table IV the blood volume, as calculated from the average blood constant

k (2:04), and from the average percentage (4°37), is given.

VOL. CCIL—B.

2

B

It will be seen that the
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average deviation between the calculated and observed. figures in the former case is
3:81 per cent., while in the latter it is 4:55 per cent.

THE ROYAL
SOCIETY

OF

TasLe V.
. ) Blood volume*
Grou R?ﬂl{)llt: g(fm Avi;’gig%lz)()dy Average blood | Blood constant,* |  expressed as
P- included in group. | (“Roh gwiéh 67) volume observed. | k& (= Wi/B). percentage of
group- g ) body weight.
grammes. c.c. c.c.
A 1 1195 54-8 2-05 4-59
B 2-—4 1363 60-3 2-04 4-42
C 5—8 1468 63-7 2-03 434
D 9—11 15647 66-1 202 4-27
Average 2-04 4-41

* The figures in these columns are calculated from the average body weight and the average blood

volume of the group.
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TasLe VI
Blood volume| Pifference | Blood volume :
Rabbits | Aver ealculated between | calculated as | Difference
from Average body ]Zf aége B - &,3 L blood |percentage of | between
Group. | Table ITI weight. 100 = Wy ; | volume | body weight. blood volume
included | (“ Rohgewicht.”) | YOIWME (Average calculated | (Average for | calculated
in grou observed. for the and the groups, |and observed
' sroh groups, 2:04.) obs(erved. fJ:'gelnl.)p ’ .
grammes. c.c. c.c. per cent. c.c. per cent.
A 1 1195 54-8 .55°2 0-72 52-7 4-74
B 2—4 1363 603 60-3 0-00 60-1 0-33
C 5—8 1468 63-7 633 0-63 647 1-55
D 9—11 1547 66-1 656 0-76 68-2 3-08
Average 0-53 — 2-43

In Table V the experiments upon wild rabbits are arranged in four groups by
averaging the weights and blood volumes of the animals in each group. The average
blood constant is 204, while the average blood as percentage of body weight is 4-41.
In Table VI is calculated the blood volume from the average blood constants of the
groups (2:04), and from the average percentage (4:41) of the groups, and the
percentage deviation between the calculated and observed values in each case is also
given.

In the first case the deviation is only 0'53 per cent., whilst in the second it is

243 per cent. Here, as before, it is obvious that our formula represents the
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experimental facts in a more satisfactory way than if the blood volume be calculated
as percentage of the body weight, as has hitherto been usual.

In Tables VII, VIII, IX, and X are detailed the results of our expemments upon
the blood volume of six wild rats, ranging in weight from 228 to 436 grms.

TasLe VIL
No Body weight. Ha;g;ocg;ﬁ?n Blood volume Blood constant, af;gg(i:g;;ngf
(*“Rohgewicht.”) (Man = 100.) observed. k(= W#/B). body weighs.
grammes. ' c.c.

1 228 853 1202 3-10 5-27

2 266 85-7 12-43 3-24 4-86

3 277 673 14-99 2-83 5-41

4 292 70°6 14-92 - 2:95 5-11

5 326 758 14-85 3-19 456

6 436 785 19-45 2-96 4-46
Average . . . 772 — 3:05 4-81

In Table VII are given the blood volumes and hesemoglobin percentages, as well as
the values of the blood constant & (= W#B), and the blood volumes expressed as
percentage of the body weight. The average blood constant is 305, and the
average percentage 4'81. It is seen, as usual, that although the blood constant
varies only slightly and without periodicity, the ratio of blood volume to body
weight decreases markedly, and more or less regularly, as the animals increase in

weight.
TasLe VIIL
Difference Blood volume Difference
Bodv weicht Blood Bl(?:ﬁgu}’;)égéne between calculated as | between blood
No. | /. Rolfr 'ght 9 volume B = Wi //s. blood volume | per cent. (4-81) volume
( gewicht.”) |} orved. I — 305 ) calculated and of body calculated and
(k= ’ observed. weight. observed.
grammes. c.c. ' c.c. per cent. ¢.C. per cent.
1 228 12-02 12-24 1-80 10-97 9-57
2 256 12-43 13-22 5-98 1231 0-97
3 277 14-99 13-93 761 13-32 1254
4 292 14-92 14-43 3-40 14-04 627
5 326 14-85 15-53 4-38 15-68 5-29
6 436 19-45 18-86 3-13 2097 7-25
Average . . . 4-38 — 698

Table VIII represents the blood volume calculated from the average blood constant
(3'05), and from the average percentage (4'81). The average deviation between the
2B 2
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calculated and observed figures is, when  calculated - according to .our formula,
438 per cent., whilst if' calculated as percentage of body weight it is 6:98 per cent.

Tasre 1X.

|

Blood volume* |
Average blood | Blood constant,* | expressed as
volume observed. | % (= Wi/B). percentage of
| body weight.

i

Rats Average body
Group. | from Table VII weight.
included in group. | (‘*‘Rohgewicht.”)

| grammes, c.C.
A 1 | 228 12-02 3-10 5-27 i
B 2 and 3 267 1371 3:02 5-13
C 4 and b 309 14-89 | 3-07 482
D 6 436 19-45 ; 2-96 446
Average 3-04 ’ 4-92

1
.
|

* The figures in these columns are calculated from the average body weight and average blood
volume of the group.

~ In Table IX the rats are arranged in four groups according to weight, and the
blood constant and blood percentage calculated from the average figures of these
groups. Again it will be seen that while the constant varies slightly and without
marked periodicity, the blood percentage falls regularly from 527 per cent. in the
lightest group to 4'46 per cent. in the heaviest. ’

TaBLe X.
1 -
Difference | Blood volume
i Rats Blood volume between | calculated as | Difference
from A ) Average | calculated.
L verage body v blood |percentage of | between
G Table VII ; blood | B = Wi/L. :
roup. . weight. 1% 1 volume | body weight.  blood volume
2 included | vy | volume | (Average k .
. (“ Rohgewicht.”) | ' calculated | (Average for | calculated
in -observed.|  for the d th dob 1
roup. groups, 3:04.) an e groups, |and observed.
8 : ’ observed. 4+92.)
i 1 | |
E . grammes. Looce | c.c. - per cent. c.c. per cent.
A 1 2328 12-02 12-28 +  2-12 . 11-22 713
B ' 2and 3 267 13-71 | 13-64 0-51 13-14 4-34
C  4andb 309 14:89 | 1503 093 15-20 2:04
D 6 | 436 19-45 : - 1892 1 2-80 21-45 9-32
| _
Average . . . } 1-59 - 571

In Table X the blood volume is calculated from the average constant £ of the
groups (3:04), and from the average percentage of the groups (4'92 per cent.).
At the same time is given the percentage deviation between the calculated and
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observed figures in each case. The average percentage deviation between the calculated
and observed figures is 159 per cent. if' the blood volume be calculated according to
our view, while it is 5:71 per cent. if expressed as percentage of the body weight.

Our experiments upon freshly-caught normal and healthy mammals which have
lived in a natural state, such as hares, wild rabbits, and wild rats, therefore prove
as clearly as did our experiments upon.the tame rabbit, guinea-pig, and mouse, that
our formula B = W¥k (indicating that the blood volume is a function of the surface)
holds good, and represents the experimental facts in an extremely satisfactory
manner. At the same time it is obvious from these experiments that the blood
volume as percentage of body weight is, in any given species of the animals
investigated, anything but a constant, and that any attempt to express it as such
must be misleading and tend to obscure an important truth.

Tasre XI.

PHILOSOPHICAL
TRANSACTIONS

B
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OF

Average difference Average difference ) Difference
Ranve bet(wgeen bloc; a between blood Heaviest according to
Species of weib ht volume caleulated volume calculated | animal in weight in terms
pecies. « Rohee %i it ”) nd b( rved. and observed. terms of the of difference
(¢ Rohgewicht. aiﬁ E %G\;%vl? ) B = per cent. lightest. according
= Wik body weight. to surface.
grammes. per cent. per cent. '
ame rabbit | 670—3250 4-61 9-11 4-85 1-90
Guinea-pig . | 215—8325 457 927 3-84 2-03
Mouse +11-90—29-36 6°65 8-61 247 1-29
Hare. . . 2550—3780 4-05 615 1-48 1-52
Wild rabbit. ,  1195—1570 381 455 ;; 1-31 1-19
Wild rat. . 228—436 438 6-98 ’ 1-91 1-59
Average . . . 4-68 745 ' — 160

In Table XI are given the different species of. animals upon which we have
determined the blood volume, the range of their weights, and the average differences
between the blood volume calculated, (a) as a function of the surface, and (b) as
percentage of the body weight, and the observed figures. This table refers to the
individual experiments, and the figures given have been calculated from the average
k and from the average percentages of the endividuals of each species. From this
table it is clearly seen that in every case the average percentage difference between
calculated and observed figures is much greater when the blood volume is calculated
as percentage of the body weight than when calculated as a function of the surface.
In the former case the average percentage difference between the calculated and the
observed figures of the six species is 7°45 per cent., whilst in the latter it is only
4°68 per cent. At the same time it is seen that when the blood volume is calculated
as percentage of body weight, the greater the range of weight of the animals
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experimented upon the greater is the average difference between the calculated and
observed values. - This is not the case if the blood volume be calculated as a function
of the surface.

As it is obvious that the percentage difference between the values calculated by
the two methods and the values observed depends largely not only upon the actual
range of weight of the animals, but also on the relative number of large and small
animals, the actual difference between the two methods of calculation is brought out
much more definitely by grouping together the animals of approximately the same
weight within the same species.
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TaBLe XII.
Difference in
Average difference | AVerage difference blood volume
Range of bet vc?e en blood between blood Heavie_st acco_rding
Species. average weight | volume calculated volugle ﬁalcuhﬁed groupf H;l to weight fm
of groups. and observed. and observed. terms of the tprms [©
B = Wijk B = per cent. lightest. difference
n ) body weight. according to
surface.
grammes. per cent. per cent.
Tame rabbit 670—3039 277 1191 4-54 430
Guinea-pig . 245--825 1-92 10-87 3-37 566
Mouse . .| 12-94—25-84 1-35 638 2:00 473
‘Wild rabbit. 1195—1547 0-53 243 1-29 4-58
‘Wild rat. 228—436 1-59 5:71 1-91 359
Average 2-16 8-43 — 4-57

Accordingly in Table XII are given, for the different species, the average percentage
deviations between the blood volumes calculated from the average blood constant
for the groups and the average blood percentage of the groups for each species, and
the observed values.

It is at once seen that if the blood volume be calculated as a function of the
surface, the average percentage deviation is 2'16, whilst if it be calculated as
percentage of body weight it is 843 per cent., or practically four times as great.
At the same time it is seen that the greater the range of weight of the animals
experimented upon the more misleading and erroneous it is to express the blood
volume as a given percentage of the body weight. »

The blood constants from which the blood volume of the normal healthy mammal
can be calculated if the ¢ Rohgewicht” of the animal is known, according to our
formula B = W¥k, are for the

Tame rabbit . 158 Hare . . . 094
Guinea-pig 330 Wild rabbit . 2:04
Mouse . 670 Wild rat 3:05
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From these figures it is clear that a wild rabbit contains about 25 per cent. less
blood in its circulatory system than a tame rabbit of exactly the same weight, while
at the same time the percentage of heemoglobin in its blood is nearly 25 per cent.
more than in the tame variety. It is also interesting to note that if we compare
a wild rabbit with a hare of the same weight, we find that the hare contains about
125 per cent. more blood, and that the percentage of hsemoglobin is about 30 per
cent. greater.

As our experiments have shown that it is not only in animals constantly living in
captivity, but also in animals of the same or closely allied species enjoying their
natural life, that the blood volume is a function of the surface, it is interesting to
ascertain if the blood volume continues to be a function of the surface under other
conditions not interfering with the general health, but attended by a marked change
in the blood volume, as, for example, in animals which have been transferred from a
low to a high altitude.

Numerous and careful experiments upon the blood volume of rabbits at
low and high altitudes have been carried out by E. ABDERHALDEN in his
excellent work concerning the effects of high altitudes upon the number of red
blood corpuscles, the percentage of heemoglobin in the blood, and the blood volume,
in tame rabbits.

We give below a brief account of ABDERHALDEN’S results when dealt with according
to our view.

Tables XIT[-XX give ABDERHALDEN’S results as to the blood volume of tame
rabbits. The animals were derived from various stocks at Basle (266 metres above
sea level) and transferred to St. Moritz (1856 metres above sea level), where, after
four to eight and a half weeks, they were killed and their hseemoglobin percentage
and blood volume determined.

Members of the same stock of animals remained in Basle to serve as controls, and
a third group of members of the same stock were taken to St. Moritz, and after being
kept there from four to eight weeks were brought back to Basle. Here their
heemoglobin percentage and blood volume were estimated after they had been back
from 2 to 15 days.

Table XIII gives details of the weight, heemoglobin percentage, and blood volume
observed by ABDERHALDEN. From these data we have calculated the blood constant
from the formula & = W#/B, and the blood volume as percentage of the body weight
in the animals killed at St. Moritz. The average blood constant is found to be 178,
while the average figure representing the blood as percentage of body weight is
4'34. Here, again, it is seen that while the blood constant does not vary
markedly according to the weight of the animal, the blood volume expressed
as a percentage of body weight varies in the usual way, in that the smaller and
lighter rabbits contain relatively more blood per unjt of body weight than do the
heavier ones.
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TaBre XIIT*,

teference in Heemoglobin |

NO ABDER- Qox | Body weight. \Ell?gf o | (as given by | Blood constant, mfl%(zgex}:u:ﬁfi

1 maroen's | D% (< Rohgewicht.”) | YO T ABDER- F(=WHB). | ¥ PEel e

paper. N ) HALDEN). y werght. |

grammes. | cc. | | |
1 X 2 Q 1200 | 60-3 13-41 1-87 5-03
2 IX 6 g 1620 81-0 13-81 1-70 5-00
3 XI'1 | ¢ 1649 763 14.-22 1-83 4-63
4 XI 2 ' g 1710 76-2 14-77 1-87 4-46
5 mamr 4+ 2 1928 [ 888 14-05 1-74 4-61
6 VII 7 9 2120 . 88-8 14-87 1-86 4-19
7 viL 3 g 2120 L981 12-96 1-68 4-63
8 VI 4 | g 2170 87-8 15-32 1-91 4-05
9 VI 2 Q 2175 1139 15-77 1-47 5-24
10 IX 5 3 2215 976 14-71 1-74 4-54
11 VIII 1 ? 2457 . 898 15-41 2-03 3:65
12 IV 6 3 2609 . 113-8 16-12 1-66 4-36
13 VIII 7 d 2615 - 87-1 16-22 2-18 3-:33
14 I 1 ? 2641 121-6 14-56 1:57 4-60
15 AV o4 ¢ 2715 - 103-2 15-22 1-88 3:80
16 I 2 ? 2840 124-2 14-29 1:62 4-37
17 vV 6 ? 2875 112-2 14-45 1-80 3-90
18 vV 2 3 2900 116-8 14-09 1-74 4-03
19 I 6 g 3112 1245 14-92 1-71 4-00
Average .. . . 14-69 1-78 4-34

* ABDERHALDEN’S experimental data are printed in light type. The figures caleulated by us are
printed in heavy type.

In Table XIV we have calculated the blood volume from the average blood constant
(178), and from the average percentage (4'34). At the same time, the difference
between the calculated and observed figures is given in per cent. according to the
two methods. The average percentage deviation is seen to be 7-01 per cent., if
the blood volume be calculated as a function of the surface, while it is 821 per
cent. if it be calculated as percentage of body weight.

In Table XV we have arranged the animals in four groups according to their
weights, giving a range in weight from 1545 to 2888 grms., and the average
blood volumes of the groups. There is also given the blood constant k(= W3/B),
and the blood volume as percentage of body weight.  Here, again, it is seen
that the blood constant does not vary greatly as the groups increase in weight,
although the percentage of blood to body weight decreases regularly from 4-92 to
402 per cent.
~ In Table XVI is calculated the blood volume, from the average blood constant of
the groups (1:76), and also from the blood as percentage of body weight (per-
centage = 4'39). There are also shown the percentage differences between the
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Tasre XIV¥*

Blood 1‘ ]%ifference! Blood I Difference

 Trefararnn § 00 etween volume between
‘ ]wjffll;;“)rll‘cl: m Bod i ohi Blood volume 1 blood calculated blood
No. o Sex. ody welght. volume | calculated. | volume |as per cent., volume

HALDEN’S (“Rohgewicht.”) N LD :
| - S observed. | B = Wi/k. calculated (4:34) | calculated
‘ paper. (k=1178), and of body and

| : obscrved. 1 weight. | observed.

grammes, c.c. c.c. per cont, c.c. per cent.
1 X 2 ? 1200 60-3 634 i 4-89 52-1 15-78
2 IX 6 3 1620 81-0 776 = 4-38 70-3 15-21
§ 3 XI 1 Q 1649 76-3 785 | 2-80 716 6:56
L4 XI 2 3 1710 76°2 80-3 | 5-10 74-2 2-69
b I 4 E 1928 888 871 . 1-95 837 6-09
[ 6 VII 7 Q 2120 88-8 92:8 | 4-31 92-0 3-48
LT ViI 3 | @ 2120 98-1 92'8 571 920 663
L8 VI 4 d 2170 . 878 941 @ 6-70 94-2 6-79
) VI 2 Q 2175 - 113+9 94-2 | 20-90 94-4 | 20-64
| 10 IX 5 3 2215 . 976 953 @ 2-42 96-1 1-56
P11 VIII 1 ? 2457 89-8 | 102-3 12-21 1066 15-78
L 12 IV 6 3 2609 - 113°8 1063 7-06 113-2 0-53
13 VIIT 7 a 2615 L8701 1064 18-12 11385 2324
14 T 1 ? 2641 | 1216 107-3 13-32 114-6 6-11
15 IV 4 ? 2715 | 103-2 1093 | 5-58 117-8 12-41
16 I 2 ? 2840 Lo124-2 112:5  10-40 1233 0-73
Y vV 6 2 2875 Co112-2 113-6 | 1-23 124-8 10-20
18 vV 2 3 2900 | 116-8 114-2 | 2-28 125-9 7:-23
19 I’ 6 b 3112 L1245 119-8 3-92 135-1 7-85
Average . . .| T7-01 l e 8-21

| |

* ABDERHALDEN’S experimental data are printed in light type.
printed in heavy type.

The figures caleculated by us are

TaBrLe XV¥,
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Group.

CQwe

Rabbits from
Table XIII

included in
group.

Average body
weight.
(“Rohgewicht.”)

1—4
5—9
10—14
15—19

grammes.
1545
2103
2507
2888

Average blood Blood Blood volumet expressed

volume constant, T as percentage of body

observed. k(= W#/B). weight.
c.c.

76-0 1-76 4-92
955 1-72 4-54
102-0 1-81 4-07
116-2 1-74 4-02
Average 1-76 4-39

* ABDERHALDEN'S experimental data are printed in light type. The figures calculated by us are
printed in heavy type. '
t The figures in these columns are calculated from the average body weight and the average blood
volume of the group.

VOL. CCLIL—B.

2 ¢
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TasLe XVI*

| '
‘ i ;
Bl 6 dvolum Difference Difference |
Rabbits Average C?Llcula)ted €1 Dbetween |Blood volume| between
‘ from Average body blooc%l’ B - Wi //c’ blood caleulated blood
@ Group. | Table XIII weight. volume | ( Average J volume | as per cent. | volume |
included | (“ Rohgewicht.”) observed for (tlgl(‘ " | caleulated | (439) of | calculated |
in group. " promns 1‘:76) and body weight. | and
2 groups, /1 observed. observed.
—
O =~ grammes. c.c. c.c. per cent. ¢.c. per cent.
= A 1—4 1545 760 76-0 0:00 678 12-10
f B 5—9 2103 955 98-9 3-44 92-3 3-47
= O C 10—14 2507 1020 1046 2:49 110°1 7-36
T O D | 15—19 2888 116-2 115-4 0°69 1268 8-36
= S L
Average . . . 1:66 — 7-82

* ABDERHALDEN’S experimental data are printed in light type. The figures calculated by us are
printed in heavy type.

figures calculated according to the two methods and the observed figures.
Calculated as a function of the surface, the average percentage deviation of the
blood volume is only 1'66 per cent., but if the blood volume be calculated as
percentage of body weight, the average deviation between the calculated and
observed figures is 7'82 per cent. In other words, the deviation on the latter plan of
calculation is more than four times as great as when the blood volume is calculated
as a function of the surface.

Tables XVII to XX deal with the results which ABDERHALDEN obtained upon the
blood volume of rabbits which were taken from Basle to St. Moritz, and after living
for from 4 to 8% weeks at the latter place were brought back to Basle. In these
tables are included only those animals which were experimented upon after they had
been back in Basle for three days or more.

PHILOSOPHICAL
TRANSACTIONS
OF

In Table XVII are given the weights, blood volumes, and heemoglobin percentages
of the animals, and our calculations of the blood constants & (= W?/B), and the blood
volumes in percentages of body weight. The average blood constant is found to
be 1-58, while the average blood percentage is 4'64 per cent.

In Table XVIII are calculated the blood volumes from the average blood constant
(1-58), and from the average blood percentage (4:64), as well as the percentage difference
between calculated and observed values in each case. Here, again, it will be seen
that the average deviation is smaller when the blood volume is calculated accord-
ing to our formula (6'00 per cent.) than if calculated as percentage of the body
weight (6°49 per cent.).

To bring out more convincingly the real differences shown by the two methods of
calculation, we have arranged the animals in four groups in Table XIX, and the
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TasLe XVIIT*,

. .
Reference in Heemoglobin | ~
' No ABDER- ¢ | Body weight. v%%?z(r)r?e (as givgen by |Blood constant, aBl(é?'genglmgznsf
"| maupeN’s  P%%) («Rohgewicht.”)| YO ABDER- k(= WyB). | s
paper. SOV | mATDEN). ody weight.
grammes. c.c. '

1 XI 3 Q 1815 89-2 12-23 1-67 4-92
2 X 8 a 1895 89+3 13-01 1-71 4-71
3 IV 1 K 2175 1156 11-61 1-46 5-31
-4 ST 5 Q 2445 112-1 13-25 1:-62 4-59
;b I1 Q 2470 1275 11-01 1-44 5-16
i 6 IX 7. 3 2514 111-6 12-64 1-65 4-44
7 VII 6 ? 2545 108-6 11-84 1-72 4-27
8 IX 1 ? 2705 | 114-0 11-76 1-70 4-20
9 VII 1 3 2715 140-8 1346 1-38 5-19
10 VIII 4 I 2715 121-1 14-01 1:61 4-46
11 VI 3 ? 2855 1253 13-21 1-61 4-39
12 I 4 ? 3025 1455 13-64 1-44 4-81
13 VI 6 3 3040 138-1 13-72 1:52 4-54
14 IIr 7 ? 3050 129-9 12-97 1-62 4-26
15 -V 3 ? 3235 140-9 13-12 1-55 4-36
Average . . . 12-77 1-58 4-64

* ABDERHALDEN’S experimental data are printed in light type. The figures calculated by us are

printed in heavy type.
TasLe XVIIT*

Difference | Blood | Difference

. Blood between | volume between
Re&;eme m o Blood volume blood calculated blood

No. DER Sex,|  Body weight. volume | caleulated. | volume |aspercent.| volume

HALDEN'S "| (*“ Rohgewicht.”) 57 S )
S observed. | B = Wi/, | calculated | ~(4:64) | calculated
paper. (k = 1'58)) and of body and

observed. | weight. | observed.

grammes. c.c. c.c. per cent. c.c. per cent.

1 XI 3 Q 1815 89-2 94-1 5-21 84-2 5-94
2 X '8 3 1895 89-3 970 7-94 87-9 1-59
3 Iv 1 a2 2175 115-6 106-2 8:85 1009 14-58
4 I 5 Q 2445 112-1 114-8 2-35 1135 1-23
5 11 ? 2470 1275 115-9 10-00 114-6 11-28
6 IX 7 3 2514 1116 116-8 4-46 116-6 4-29
7 VIL 6 ? 2545 108-6 1180 7-96 118-1 8:05
8 IX 1 ? 2705 114-0 122-8 7-16 1255 9-16
9 VII 1 3 2715 140-8 123-4 14-10 126-0 11-74
10 VIIT 4 3 2715 1211 123-4 1-86 126-0 3-89
11 VI 3 ? 2855 125-3 1275 1-73 1325 5-44
12 I 4 ? 3025 1455 132-3 9-96 140-4 3-64
13 VI 6 3 3040 1381 1327 4-07 141-1 2-13
14 Im 7 ? 3050 129-9 133-2 2-48 1415 8-20
15 vV 3 ? 3235 140-9 138'3 1-88 150°1 6-13
Average . . . 6-00 — 6-49

* ABDERHALDEN’S experimental data are printed in light type. The figures calculated by us are
printed in heavy type.
202
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blood constant, and blood volume as percentage of body weight, are calculated
from the average figures of the groups.

TasLy XIX*,

I’.{rﬁ]ﬁ“}gﬁl Average body | Average blood Blood | Blood volumef
Group. included in weight. volume constant, ¥ expressed as percentage
group (‘“ Rohgewicht.”) observed. k(= W¥DB). of body weight.
grammes. | c.c.
A 1—3 1962 980 1-80 4-99
B 4—7 2494 115-0 1:-60 4-61
C 8—11 | 2748 125-3 1-57 456
D 12—15 ! 3088 138-6 1-53 4-49
Average . . . 1-58 4-66

* ABDERHALDEN’S experimental data are printed in light type. The figures calculated by us ave
printed in heavy type.

T The figures in these columns are calculated from the average body weight and the average blood
volume of the group.

The average blood constant of the groups is 158, and the average blood percentage
is 4'66 per cent. Here, again, there is a regular decrease in the blood as percentage
of body weight as the animals increase in weight.

TaBLe XX*
|
: Difference | Blood volume
Rgﬂlz)k;:fs Averace Big‘?gu}’;éggle between | calculated as | Difference
Gron Table XVII Averagehbody blood | B = W3 //c: blood percentagehof " b%tweian
P | included weight. volume | (Average b volume | body weight. | blood volume
. “Rohgewicht.”) Lveras calculated | (Average for | calculated
in ( 8 observed for the &
rou | erouns. 158 ) and the groups, |and observed.
group. ErOups, 1981 ghserved. 4:66.)
grammes. c.c. c.c. per cent. c.c. per cent.
A 1—3 1962 98-0 99-1 1-11 91-4 7-23
B 4—T7 2494 1150 116-4 1-20 116-2 1-03
C 8--11 2748 125-3 124-2 0-89 1281 2-18
D 12—15 3088 138-6 134-2 3-28 143-9 3-68
Average . . . 1-62 — © 3-51

¥ ABDERHALDEN’S experimental data are printed in light type. The figures calculated by us are
printed in heavy type.

In Table XX are calculated the blood volumes from the average blood constant of
the groups (1°58), and from the average blood percentage of the groups (466 per
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cent.). The percentage deviation between the calculated and observed figures is,
in the two cases, 1'62 and 3'51 per cent. It will be seen that the average
percentage deviation between the calculated and observed figures is, as usual, much
greater when the blood volume is calculated as percentage of body weight than
when it is calculated as a function of the surface. '

If the average blood constant is calculated from the great number of rabbits which
were kept at Basle as controls, it will be found to be 1'60, and the blood volume
expressed as per cent. of body weight to be 464 per cent.

If we compare ABDERHALDEN'S results on rabbits which were kept as controls at
Basle with those on rabbits which were brougflt back to Basle after having been
at St. Moritz, it will be found that they have practically the same blood constant in
the two cases (1'60 and 1-58). Hence, it appears that after three days in Basle, the
rabbits which had been at St. Moritz had regained the same blood volume as the

. control animals.

There is, therefore, complete and striking agreement between the results which
ABDERHALDEN obtained on his great number of Basle rabbits and the results which
we published in our last paper, the blood constant £ (= W?/B) being practically
identical in both cases—in the case of ABDERHALDEN'S two sets of Basle rabbits 1:60
and 1'58 respectively, and in the case of our own 1'58, a difference of about 0°60 per
cent.

- ABDERHALDEN’S results are, it will be noticed, entirely different, as were our own,

from the results obtained on rabbits by Doueras and by Bovcorr and Doucras
(using the CO method as employed by Harpane and LorraiN Smirh), in that they
find a much larger blood volume, the average blood constant calculated from their
experiments being 1°40, and the blood volume expressed as a percentage of body
weight 527 per cent. Comparing this with ABDERHALDEN'S constant (1'59) and
blood percentage {464 per cent.), it is seen that they find about 13 per cent. more
blood than either ABDERHALDEN or ourselves, and that this is the case whether the
blood volume be calculated as a function of the surface or as a percentage of the body
weight.

It is further to be seen from ABDERHALDEN'S experiments that there is no definite
difference in the blood volume of males and females, the average blood constant being
practically the same in both sexes. 'This is in agreement with the results (already
published) of our own experiments, pregnant animals being, of course, excluded.

In our last paper we drew attention to the fact that the power £ in our formula
for the blood volume was only approximately correct. This is shown by the fact that
if the animals be grouped together the constant shows a tendency towards a slight
increase in the light-weight groups compared with its size in the heavy-weight
groups when the weights of the animals cover a sufficiently large range. At the
same time we pointed out that if the body surface be calculated from the body

weight according to Muew's formula (S = £ W) the power £ in this case is only
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approximately correct also, as here, too, the constant £ in this formula shows
a tendency to be slightly smaller in the lighter animals than in the heavier ones.
In both cases, as we have already pointed out, the slight periodical change disappears
if the power £ be replaced by a slightly greater one (0-71-0-72). At the same time
we also pointed out that the power % is sufficiently accurate for all practical purposes
and was adopted by us as being much more convenient for calculation.

To make clear the influence of slightly increasing the power £ in calculating the

surface we have introduced Tables XXI, XXII, and XXIIL.

THE ROYAL
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TasLe XXI*.
Subjects | Average Surface ]%iﬂ'terence Surface Dbif:'erence A %
from MErm's| body | Average |calculated.| "CUwee™ lcalculated.| “° vaeen S = Wal, (S = Wal
Group. table weight. | body | S=Wmnk | : surface g yyap, | surface | (S=Wnl), (S=WnL),
included in | (“Roh- | surface. | n=2. calcul(fimted =073, calculz{ted “"he‘;e Whg I,.?eg,
Pt 3. an Y and =2 n=073.
group. gewicht.”) k=1223. observed. k' =6-40. observed.
grammes. | sq. cms. | sq. ems. | per cent. | sq. ems. | per cent.
A 1—4 8,224 | 4,5875| 4,983 7-92 4,615 0-59 11-26 6-36
B 5—8 20,966 | 9,311-0 | 9,298 0-14 9,139 1-88 12:256 6-52
C- 111,12,13,16| 48,219 |17,443'7 16,200 7-68 16,780 3-96 13-16 6-65
Dy | 9,10,14,15 | 66,375 | 20,067-8 | 20,040 0-14 21,190 5-30 12-24 6-06
: ! :
'1
Average . . .| 3-97 — 2-94 12-23 6-40

* MEER’S experimental data are printed in light type. The figures calculated by us are printed in heavy type.
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In Table XXI, dealing with the experiments on the surface of man as measured by
MEgeH, the results obtained by this observer on 16 human beings weighing from
3020 grm. to 65,500 grm. are arranged in four groups by averaging the weights and
surfaces of the members of each group. From the average weights and surfaces the
two constants £ and %’ are calculated from the power n represented by % and the
“best n” 073, respectively (“best n” meaning here the power which for each species
gives the smallest average percentage deviation between the calculated and observed
figures). At the same time are calculated the percentage differences between the
figures calculated with n = £ and n = 0'73, and the observed values. The average
percentage deviation in the two cases is 397 per cent. and 2:94 per cent., which is
a very marked improvement in the method of calculation and makes the result very
nearly, and for all practical purposes, as good as if we introduce into the surface
calculation, not only the weight, but also the length and girth, as has been done by
Miwa and SToELTZNER. In this case the average percentage difference between the
calculated and observed surfaces is 267 per cent. If the measurements on man be
dealt with individually the “best n” reduces the average percentage difference
between calculated and observed figures from 360 to 3:12 per cent.
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In further illustration of this point are given in Tables XXII and XXIII the
results of the determination of the surface of guinea-pigs and mice of greatly varying
weight which have been made by us.

TasLe XXII.

l |
.| Difference - Difference :
! Body Surface 'Slurgaie d between .?urlf’(nce d between : k. K.
' No. | Weight. area% | gj’iuv?,f 5. | surface (éd’ i“v‘i,ﬁ? | surface (S = Wak)(S = WrE),
| (¢ BOh-,. observed. | m — 2 | caleulated | 0 o' rg | caleulated where where
: gewicht.”) n = 3(3 56. band a ¥ - 7,05: and n=3% |n=072
“ observed. observed, |
: |
i R
, grammes, $q. cm. Sq. cm. per cent. sq. cm. per cent.
1 148 252 2657 5-79 2568 1-87 9-01 6°90
2 320 459 447-3 2:62 4474 2-59 9-81 721
3 650 740 7174 3-15 745-2 070 9-86 698
« Average — 3-85 — 1-72 9:56 7:03
TasLe XXIIL
Difference Difference
Surface Surface ;
Body - between | between k. | K.
weight. Surface calculaged. surface calcula’ccd., surface [[(S = Wnk), (S = Wnk')
No. (< Roh- area S = Wnp. calculated | S = Wnlk. aleulated | h ’ There
gowicht.”) observed. || n = Z. ¢ ca d € I n = 0°69. ca Cug © W_erge ‘1 gr%g
: & = 1050, nd k=986 m=ae =R
observed. | observed. |
grammes. sq. cm. sq. cm., per cent. sq. cm. per cent,
1 10-66 505 50-37 0-26 50-48 0-04 10-42 9-87
2 17-46 710 70°66 0-48 70-94 0-08 1055 9-87
3 19-73 77-0 7668 0-42 7720 0-26 10°54 9-84
Average e 0-39 — 013 10-50 9-86

The weight, as usual, means * Rohgewicht” in grammes, and the surfaces were
determined by carefully skinning the animals, making accurate drawings of the skin
and determining the surface thus marked out both by planimeter and by the weight
of the cut out area of paper, both methods giving the same results. In both
Tables XXII and XXIIT it will be seen, as in the case of man, that if the power § be
used the constant & gradually increases as the animals increase in weight, whilst this
is not the case if the best n (being in the two cases 072 and 0°69) be chosen.
Using the two different powers (n =% and n = best n), the average percentage
deviation between the calculated and observed figures is, in the case of the guinea-
pig, 3:85 per cent. and 1772 per cent. respectively, while in the case of the mouse it
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is 039 per cent. and 013 per cent. It is to be noted further that the average
best n in the three species is between 0-71 and 0°72, exactly as will be seen when the
best n for the blood volume is determined.

Having shown the effect of slightly increasing the size of “# 7 in the case of
Meer’s formula, we will return to our own experiments upon the blood volume, and
show the similar effect of slightly increasing the power n(=%) in the formula for
calculating the blood volume (B = W"/k).

"TABLE XXIV.

Average percentage deviation with Constants.
Animal. Best n. R T
. o | . Percentage o o
2 Py i ) ) Ve
"= Best n. ‘body weight. o= 3. Best n.
i ! SO S
|
Rabbit, tame 0-72 4-61 4-50 | 9-11 1:58 2-37
Guinea-pig . 0-71% | 4-57 4-928% 927 3-30 4-28
Mouse 0-72 6-65 6-32 861 6-70 7-85
Hare . . . 0-63 4-05 3-78 6-15 0-94 0-70
Rabbit, wild 0-72 381 3-81 455 2-04 ! 300
Rat, wild. 072 438 3-88 6-98 305 4-13
I ) |
Average . . .| 4°68 4-43 T-45 - e

% With n = 0-72 the deviation is 4:33 per cent. and the constant 4-55.

In Table XXIV are given the average percentage deviations (for the individual
observations within each species) between the figures calculated when 7 is taken
as § and when the best 7 is used and the. observed values. There is also appended
the average percentage deviation for each species when the blood volume is
calculated as percentage of body weight. As the value of % in the formula k¥ = W"/B
necessarily alters greatly with relatively small changes in the size of n, there is also
given the value of £ when n = £, and also for £ when the “best n” is used. From
this table it will be seen, firstly, that the best n does not vary in the different
species of animal, as it is in all cases practically the same (071 or 0'72), there
being but one exception, the hare, where it is slightly less than £. No stress,
however, can be laid upon this, as the observed animals of this species only cover
a small range of weight. Secondly, it will be seen that in each species of animal
the average percentage deviation between the calculated and observed blood volumes
for the individual experiments is only slightly smaller in the case of “best " than
it is in the case of n = 4. The average percentage deviation of all the species is, for
the best 7, 4°43 per cent., and with » = %, 4'68 per cent. On the other hand there
is a great difference it the blood volume be calculated as percentage of body weight,
as here the average percentage deviation for all the species is 745 per cent.

Thus for all practical purposes, when ndividual animals are dealt with the
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power 3 is sufficiently accurate, as the best n (0°71 or 0-72) in this case only lessens
the percentage deviation slightly.

If, however, we wish to bring out clearly from a theoretical point of view how
much smaller the actual difference between calculated and observed values is when
the blood volume is calculated as a function of the surface, compared with the
percentage deviation when calculated as percentage of body weight, it is essential to
make use of the power n which gives the best results when the animals are grouped

according to their weight within each species, so as to reduce or eliminate the effect

B

=
5 : of individual errors as much as possible.
= Rl
i 5 TasrLe XXV.
: O Average percentage
=w deviation with Constants. Heaviest
- . . . . .
5Z Observer. | Species. Best ‘ i§ I;();I'llgls Deviation by weight.Deviation by weight.
o) . . Per- Bost of Deviation by n=2. | Deviation by best «.
E L—) . n=3 ;:St ceglsgge, n=2. n‘?St lightest.
85) ) weight.
oz 1 ‘
Eé i per cent. per cent.
&= DrEYER and | Rabbit, | 0-72 | 277 | 208 | 1191 | 1-59 | 2:37 | 4'53 4-30 5-37
Ray . . .| tame
Guinea- | 0°71 | 192 | 0-91 | 10-87 3:29 | 4-28 | 3-37 5:66 11-96
pig ‘
Mouse | 0-71 | 135 | 1-06 6-38 | 668|736 | 2-00 4-73 602
Rabbit, | 0-72% 0-53 | 0-16% 2-43 | 2:04 | 3:00; 1-29 4-59 ' 15-20
wild
Rat, 0:72 11691092 571 |3:04|412] 191 359 6°20
: wild ‘
RANKE . . .| Rabbit | 0-72 | 4:79 | 372 | 13-92 265 | 3:64 | 4-72 2-77 358
ABDERHALDEN | Rabbitt ; 0-72 | 1-62 | 0-88 | 3-51 | 1:58 | 2-39 | 1-57 2-16 3-99
Average . . .| 2°08 | 139 | 7-82 — — — 397 753

* With n=0-73 the deviation is 0-00 per cent., and £, 3-22.
 Refers to the experiments carried out at Basle on rabbits which had been at St. Moritz (see Tables XVII to XX).

B

Table XXV is similar in structure to Table XXIV, but refers to the grouped
animals of each species, including our own experimental results as well as those
of Ranke and ABDERHALDEN as calculated by us. Here again the best n is
071—072. The average percentage deviation between the calculated and observed
figures is here smaller with the best 7 than it is with 7 = §, the average of the
seven series of experiments being in the two cases 1'39 against 208 per cent.
Note that the average percentage deviation for all the groups is 7-82 per cent. if
calculated as per cent. of body weight.
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We have found that the best n for the calculation of the surface by MEEa’s
formula (S = k. W?%) in the mammal, taking man, guinea-pig, and mouse as
examples, is not 2, but, on an average, 071—0'72, exactly as is the case if the
blood volume be calculated from the body weight according to our formula. Tt is
therefore clear from the above table that the average percentage deviation between
the calculated and observed figures for the above series of animals when the blood
volume is calculated as percentage of body weight is from 5} to 74 times as great as it
is when calculated as a function of the surface according to our formula, using the
best n, and four times as large when 7 is taken = £.

For all experimental work, whether physiological, pharmacological, or pathological,
where the blood volume is concerned, it is necessary to know, not only what the
absolute blood volume is in normal animals of a given species, but also, what is
equally important, the magnitude of the deviations from the average which may be
met with in normal and healthy individuals, since otherwise it is impossible to decide
whether the blood volume found by experiment is to be considered normal or
abnormal. As we have now examined the blood volumes in a series of 72 mammals
of six different species by a uniform and accurate procedure, we helieve ourselves to
be in a position to state what variations from the average may be met with in normal
animals (vide Table XX VI).

TasLe XXVI.

. Mean deviation | Mean deviation

Species. (n = 2). (best n).

per cent, per cent.
Rabbit, tame . . . . . . 6-41 6°02
Guinea-pig . . . . . . 5-46 5-09
Mouse . . . . . . . . 9-03 8-91
Hare . . . . . . . . 5-11 473
Rabbit, wild . . . . . . 4:58 4-54
Rat,wild . . . . . . .|  5-24 5-11
Average . . . 597 5-73

This table gives the mean deviations, as calculated by the method of least squares,
for each of the six species of animals which we have examined, when the blood
volume is expressed as a function of the surface (B = W#/k). The average of the
mean deviation for the six species is 5'97 per cent. if the power = is taken as %, and
slightly smaller (573 per cent.) if the best n (0-71—072) is taken.

In Table XXVII we have given in percentages the cases in which the deviation
falls within &, 1, 14, 2, 3, and 4 times the mean deviation, as well as the theoretical
value of these percentages according to the law of the distribution of errors, using the
method of least squares. It will be seen that, as regards the distribution of errors,
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the agreement between the theoretical values and the values calculated from our
experimental results is extremely good. It is therefore evident that it is justifiable
to apply the method of least squares to our experimental results on the blood volume
of mammals in order to calculate the mean deviation.

TasLe XXVIL

glziggzili%al Distribution Distribution
§ 1. found when found when
Values. n =2 best n is used.
per cent. per cent. per cent.

1 mean deviation . . 38-3 375 40-2
1, ’ .o 683 684 750
1%, ” 866 87-3 861
2 . . .. 95-4 95-8 95-8
3 ' ' .. 997 985 98-5
4, ’ .. 99994 100-0 100:0 -

As the mean deviation is about 6 per cent., this indicates that, if an individual
animal is found by a reliable method to contain 12 per cent. more or less blood than
it should if its blood volume were calculated from the surface, the average constant
of the species being used, it is probable that the blood volume of the animal is
abnormal, and, if it is 20 per cent. smaller or larger, it is almost certain that
the blood volume is abnormally large or small. It may be pointed out, however,
that if the blood volume were expressed as a percentage of body weight, it would
only be possible to say with the same degree of certainty that the blood volume of
an animal was abnormal, when it differed by at least 40 per cent. from the calculated
figure.

Finally, it is of interest to point out that if the mean deviation for the heemoglobin
percentage be calculated for the same animals (which, of course, have lived under
similar conditions), by the method of least squares, it is found to be 8 per cent. It is
therefore evident, as we noted in our previous paper, that animals of the same species
living under similar conditions vary less as regards their blood volume than they do
as regards their heemoglobin percentage.
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