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INTRODUCTION. 

HLOOJJ is ,;uhjPt·t lo lll<lll,\ ' <lisea,;es and t he stu d ~· of h:wuwto log-y no t 
\>Ill,\· yidd" information COJt<·e rJt ing- tlu•,;e diseases but ofiPn abo 
fut·n i-;hes Yahwhl <• itrformalion for Ut;l' in the illtPrpt·Pta t ion of 
di~orden; \\'hieh prim:n·ily affeet othl'r parts of lht• hotly. Jl m,·eYer. 
all kno\\'lf'dg-e about t'he sta te of the hlood 1l uring- di"l'<l:il' is llsl'le"s 
11·itlt out I'OiltJ>nrntiYf' dab for hen l t!t,,· blood. 

Th e purpo,;e of I his tr eatist> i,; t:J pn>se td hnent:llolog-t!'al data 
for u•e in the stncl_,. of di,.;easl's of th e ostr ieh, and to retHIPr pos,;ible 
a <·omparison of the dnt:l on o~h·ielt b lood "'itl1 tltosf' ou t hf' hlond 
of other animal s. 

[u o n !l:'r to aYoid repetition. t Ir e ted111ique, J'P~u lb a11d <li~l'll.~stOJ t s 
of p;u·h phn"P of the inYe,.:tig-ation ar e g-rouped tog-ethPr, wheuenc>l' 
possihl t>, nud thl' work i,; presen.t.Pd under tlw fo llowin g- lrPading·s : -

1. Subje1·ts usPd fo r dete nn ina ti ons. 
2. }Ltrking- of ostridres. 

:1. ( 'ollPding- t he hloo<1. 
4 . P rnPJding- t he coag-ulatimt of tlt1• hlood. 
il . l'repar:dio ll of smenr,.:. 

!i. Staini11 p: of smPars. 
! . ('elJ lllP:I SII I'f:'JII('lltS. 

R. '.\Iorpholog,Y of t lw blood. 
n. l•:rythml'.\' tP ('()llllts. 

10. H.el:din• ,·ol ume of t·orpnsPll's nntl of plnsttln . 

* Thesis ;tppron•d for th<> <l<'gt'<'<' of D .Y.S<·. h~· the [- niYer~ity of South 
.\fri<:n. ~M:uc:h. Hl:3, .) 
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THE HI.OOD OF TilE OSTIUCII. 

ll. ::\liHimum and llHIXttnutn re,.;istan ce of rE>d cells. 

1:!. Osmotic pressure on th e red \.'ells. 

1:1. Haemoglobin contPnl. 

J 4. Le11coe;rh• conn ts. 

].). ])iit~cren tia l eon nls. 

Hi. Thrombocyte c·ounts. 

17. ri-;cosily. 

1~. Specific gnwity. 

lD. Pho~;pl10rus, cal<"iunt, ;;odium , mag-nE>smm and potas~ium 
c.ontent of the blood. 

20. To1al blood ,·olnnte. 

21. Ueneral d iseus,.;ion. 

22. StllniiJar~·. 

'l'ht> blood of birds ha~ hl'en lil1lt> in,·t·stJg-ated t.OlliJHilPd with 
\lwt of domestin1ted nwmmnl s, and literuture n•ferring to th t> blood 
of the ostri('h is \'E>ry nwng-re in(le<•rl. Tahlt' 1 eolllpri<:'e>' all tlw 
ret·ords (relating to the bl.oocl of this bird) re,·ealed b~· an Pxhanstiw 
~>l:'arrh raniPtl out with tlw assi,.;tallt'l:' of I hP Staff of the Imperial 
Bureau of Animal Health , \Ve.vbridg·l:', Surrey, E11glautl. ~one of 
tiH' six invP~tigaton; mentioned in T<Jhle I itHlintte!l the technique 
employt>d for c-ollecting the blood, neil he r wa .~ t her(' any lllen tion of 
thP number of birds from whirh blood wa~ c·ollc•dpd, uor the nulllher 
of blood ~HIIl]Jlr~ Pxaminetl. 

lt would appear, therefore, that tlw data were oUaiued 
inl'idc•utally in the course of other Rluclies; aJid it will he obsenecl 
that, although the er~·throc·yt e c·ount,.; giwn by ::\Iala,.;sez (1872) and 
Hayt>nt (J8i!.l and 1889) nrc in fairly :! losP agreentent. the.\' difter 
ron~idl'rnhly from that of r em:lafi (19 11). Th e rell lengths recordPcl 
by )[alas3ez and YPnzlaft also difter nppre<·iahl.'· fnnu thosP giwn by 
OulliYl'r (1Ri0) and Bayem. Hut in any ca-<e. great arTUn\c;\· can 
s<"an:t>l,\ he expected in tlw cell eount,: and rl'll me;~o;prements by th e 
t•arly iuyp.;tigators, f'Onsidering that in tho~e cla.\'s the apparatus wa~ 
not so :\C('urately ('alihrated as it is to-da.'·· 

'l' lw o~tr il'h is a flom esti cated hird with a ,·en· aneient historY 
aud the followiug· information giwH b.'· \\'onn~er ( UJ;30) may JH'OY.e 
of iutere'll. A specimen of tht· bird wa,.: found i11 a se1ndchral 
c:hnmber nf t1Je 18th dynast_\· whi('h is supposed to be (;()ntemponn·~· 
with .Mo-es mcd frequent mention of the feathel' is macle in Egyptiall 
hiProglyphi('s . .Arse noe, an Egyptian queen before Cleopatra, caused 
to be ereeled a statue of lH'r~t>lt sent eel on <Ill o,.;trieh. anrl in Homan 
pnhlie fundions the feather was much wom <.111!1 tlte bird \\·as riddell 
b~· l:ulieg of noble birth. The beauty ot tht• fen!lwl' bas been praised 
ill all ages and from time immPnJorial t he plnnH:•s h:1Ye been sought 
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t iiE lJLOOD OF THE OS'l'RlCH. 

Author and 
Date. 

Mallassez, L., 1872 . .. . ....... . 

Gulliver, G., 1875 ......... .. . . 

Hay em, G. , 1879 . .... ... . . . . . . 

Hayem, G., 1889. ; ... .. .. . . . . . 

Venzlaff, W., 1911 .. .. ....... . . 

Malan, A. I., 1930 .. .. .... . . . . . 

' 

B uchbinder. 1934 .... . . . .. . . .. . 

17 

TABLE 1. 

/SummaTy o/ Ostrich Blood E .ca1ninations CarTierl out hy Different lnvesti.r;atOTs . 

-

Maximum Minimum I Average Average 

Red White Hemato- Measurements Measurements Measurements Nucle8,r 

Species of Cells Cells blasts* Red Cells. Red Cells. Red Cells. Measurements. Phosphorus 

Ostrich. per per per Content. 

c.mm. c.mm . c.mm. 

I I I 
[Thickness. I Length. Breadth. Length. Breadth . Length. Breadth. Lengt h. Breadth. 

I I 

I I 

I 
I I Not stated .... .. . . ... .. ... . . . 1,600,000 - - - - - - - 181-'t O,u - - - -

Struthio camelus ............. - - - - - - - 1"t 1" l " 1" 1" -- - - - -- --
1649 3000 9166 3200 9166 

15·331-' 8·471-' 2 · 771-' 7·941-' 2 · 771-' 

Struthio camel us . . . ... ....... 1,581,000 9,000 11,600 - -- - - 14 · 381-'t 9·151-' - - - -

Stru thio camel us .. ... .... . ... 1,620,000 9,000 11,500 - - - - 14 ·301-'t 9·151-' - - - -

Struthio camelus ... .. . . ..... . 2,560,000 - - 191-'t 101-' 151-' 81-' 181" 9/.L - - - -

Not stated .. . ... .. . .. ... .. ... - - - -- - - - - - - - - - -

Total Phosphorus . .. ... 
Lipoid Phosphorus . . ... 
Organic Phosphorus .. . . 
Inorganic Phosphorus . . 
Nu cleo· protein .... ..... 

Struthio Camelus . . . .. .. .. . . . . - - - - - - - - - - - - -

I 

* These are evidently blood platelets ; this is inferred from the author's discussion concerning the nature of the cells and the part which these cells take in ~he clottin~ of hlood. 
t Moist prepara-tions. 
t Not stated whether moist or dry preparations. Gulliver gave the measurements only in vulgar fractions of an inch. 
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Aggluti- Aggluti-
nation nation 
titer of t iter of 

tLnti- anti-
lepisep- pigeon 

ticus .R.B.C. 
Serum. Serum. 

I 
- -

- -

- I 
I 

-

- -
- -

- -

109 ·0 - -

ll ·3 - -
39·0 -- -

5 ·5 - -
53 · 2 - -

0 

I 
40 



THE llLOOD OF THE OSTRICH. 

Author and Date. 

St.olzing, 1856(' ) ..... .... . . ... . ...... . .. . 
'\falassez. 1872(1) ... ..... ............ . . . . 
Hayem, 1889(1).... . ....... .. .. . 
Albertoni and Mazzoni, 1891(' ) .......... . 
Moore, 189.5-6(4), (') . .. ... . .. ....... .. . . . 
Heinz, 1901(') ....... . . ... ............ . . . 
Ward, 1904(4) ............ .. . .. . . .. . .... . 
Warthin, 1907 .. . . . .. . . ............ . . . . . . 

Ellerman and Bang, 1908 ........... . . . . . 
Hirsfeld, 1909(4 ), (') • •• • ••• ••••••.•••• • .. 

Goodall, 1910(1), (') . . ... .. . ........... .. . 
Hedfeld, 19ll(4 ), ( 7 ) • .•• • • •• ••• ~ · .••••••• 

Kleineberger and Carl, 1912 ......... . .... . 

Burckhardt. 1912 .. . ... . . . . . ........ . . . . . 

Kozma, 1913 ..... . ....... . ..... .. ...... . 
Launoy and Levy-.Bruhl, 1913(1). (7 ) ••••• • 

Schmeisser, 1915 ...... . .. .. . .. ........ . . 
Pickens, 1915( 5 ) •.•.•••••. . •••.• ••.••.••• 

Fatham, 1916( 4 ) •••.• . •.• . .• • .••••.••..•. 

Taylor, 1916(1), (4) .... . .. . . ..... .. ..... . 

Burnett, 1917 . ..... . . .. .. .. . ........ . .. . 
}1ack, (no date) (') ... ..... . . . .. ........ . 
Kaupp, 1918(5 ) .•..••.••.•• • •.••.•••• • •.• 

Salomon, 1919("), (4 ) • •••••• • . ••••• . •••••• 

Fritsch, 1920(') .. . ....... .. . ... . ..... . .. . 

K leine berger and Carl, 1927 . . ...... . .. .. . 

E llerman, 1921 ... .. ... . . . . . . . . . . ....... . 
Romer, 1921. ......... . ............... . . 

F ink, 1924( 2 ), ( 7 ) ........ .. ............. . 
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Number 
of 

Animals 
and 
Sex. 

2 
4 

}I. 6 
F. 7 

6 

:VI. l 
F. 3 
M . .5 
F . .5 
l\f. 2 

F. i5 

Number 
of 

Counts. 

. ) 

6 
7 
6 

;) 

.5 
2 

5 

0. T . DE VILLIERS . 

TABLE 2. 
Summary of Examinations by Different ln'L·estigators of the Blood of Normal F owls . 

Haemoglobin per cent., 
and grams per 

100 c.c. 

:)0- 6.5 Per cent. (Sahli) ........ 
60 Per cent. (Sahli ) .. ...... ... 

79 Per cent. Method not stated 

60- 70 Per cent. (Sahli ) . .. . ... . 

76 Per cent. Method not stated 
87 · 3 Per cent.l\fet hod not stated 

12·3 Gra.1ns ......... . . . . . . . . . 
9· 6 Grarus ..... .. .. .. . . . ... . 

7:3--80 Per cent.. Method not 
stated 

67-80 Per cent. Method not 
stated 

75 Per cent. (Sahli) . . . . .. . 

Red Cells per c.mm. 
(Millions). 

1\Iaximum. [ lVfinimum.l Average. 

3 ·8 
3·1 
2 ·4 
2·5 

:~ . 7 3·5 3·6 
4 ·1 3·9 4·0 
4 ·0 2 ·4 3· 3 
3 ·0 2·0 

3 ·0 
:~ . 9 2 ·6 3 ·0 

3·2 
4·9 3·6 4·2 
5·1 3·9 4 ·3 

3·12 

3·3 

4·0 2· .5 
3·16 2·18 
4·0 3 ·0 
4 ·0 3·0 3· .5 
.5 ·8 3 · 6 4 ·7 

3 · 3 
3·0 

4·0 3·0 
3· 4 3 · 1 3·2 

3·24 
2 ·77 

3·91 3· 44 

3 ·91 2·88 

2 ·62 

3 ·35 2·61 2·84 

423-424 

·white Cells per c.mm. 
(Thousands). 

Maximum.J Minimum. r Average. 

26·3 
32·3 

21·2 18 ·9 20 · 0 

61·0 24·0 36 ·2 
29 ·0 12·0 21·0 

30·0 
30 ·0 
19 ·0 
24·0 

60·8 35·0 

23· 8 

35 ·0 20 ·0 28·0 
80 ·0 20 ·0 

3.5·0 

30·0 17·0 23·67 

3:l ·77 
35·0 28·0 
49 ·0 28·0 
57 ·0 41 ·0 

32 23 

42·2 29·6 23 

26·2 16· 7 21· .5 

Throm­
bocytes 

per 
c.Inm. 
(Than­
sands ). 

4:5 · .~ 

30·0 

22 ·9-
130 ·0 

17 ·9 

Very few 

" 2.5·3-28 ·0 

22·7-
,10 · 9 

P ercentages of Variet ies. 

Polv ­
morpho­
nuclears 

P oly­
morpho­
nuelears 

Lymphocytes. 1\Jonocytes. with with Basophiles 

i50 
(small 35 ·5) 
(large 14· 5) 

40 23 
70-80 

.56 
!)4 ·0 

63 ·8 
(small 12 · 3) 
(large 51·5) 

61·3 
(small 48 ·5) 
(large 12 ·8) 

42·3 19·4 

.51 9 
(42-60) (6-14) 

.58 !). f) 

.54 · 9 ()-2 

61·0 1· 0 
69 ·0 2 ·0 
40 ·0 2 
64·0 ;) 

24 · 27 

63·5- 74 

.53 ·0 12 
64·6 1· 4 

(small 52·7) 
(large 12·3) ! 

Eosino­
philic 
R ods. 

21 ·5 

E osino-
philic 

Granules . 

10 

37 
22 ·5 I :n 

I 

6 
30·0 12·0 

29 ·:) 4·5 

27·9 7 ·9 

29 ·6 4·3 

33 3 ·6 
(2:'\- 41 ) (l· 9-6 . 8) 

28·8 3 -:3 
32·7 2· 7 

2R 7 
18 9 
49 ;) 

2;3 i 5 

60-71 ·5 1 l-2 

18 .6- 33. ;) 1·5- 1· 0 

29 
26·i5 I i5·4 

i 
I 

I 

[Continued 

2 

I 
3 ·0 

2 ·2 

2- !) 

2·2 

3 
(2· 6-4 · 1) 

4 ·3 
:3. :J 

·> •> 
l 
:J 
2 

0 · .5-14· 0 

1·.5-3 ·;) 

4 
1· 9 

on ne.rt page. 

(Tncla8-
sified. 
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THE BLOOD OF THE OSTRICH. 
0. '1' . DE VILJ,JERS . 

Au t hor and Date. 

NiggermRier, 19215(') ...... . ............ . 

Kennett, 1926(5 ) ............ . ...... . .... . 

Chaudhnri, 1926(5 ) •••••••••••.•••.• • ••• •• 

Blacher, I926( 5 ) •• ••• •• • • ••• • • ••• • • • ••• •• 

Hayden, I927 ......................... . . . 
Breusch. 1928 .. .. . . . ... . ... .. ... . .. ... . . 
Blain, I928 ......... .. ................ . . 
Gohs, I928 ......... ......... . .. ........ . 
Yakimoff, and Raste-gaieff, 1929(7) ....... . 

Kye,, 1929 ...... . . . . . ..... .... . .. . . ... . 
.F'orlmer, 1929 .. . ...... . . . . . . . ... ... .... . . 
Kanpp, 1929 . . . ... . . .. . .. .. .. .. . . . .. . . . . 
Bayon, 1930 ........ . ........ . ... . . .... . 
Thomsen and Enge1breth--H~'Im , 1931(3 ) , ( 7 ) 

Wirth, 1931 ...... .. ... . .. .. ............ . 

Fenstermacher, I 932 ............ .. ...... . 
Seager, 1933 ... .......... . ....... .. .... . 
I-andauer and Davirl, I933( 5 ) • • . • • • • • • •••• 

Cook and Dearstyne, 1934 . . . .... ... .... . 

Gibbs, 1934(6 ) • . .•••••••••••••.••••••• • •• 

Blakemore, 1934 ........................ . 
Palmer and Biely, I935 . ................ . 
Morgan and Chichester, 1935 . ... . 
Biely and P almer, 1935 . . . .. ...... . .. . .. . 

Olson, 1937 .. .... . .... . . . .. ..... . . .. . . . . 

( 1 ) Listed by S. H. Burnett (1917). 
( 2 ) Listed by D. Wirth (1931). 

Number 
of 

Animals 
and 
Sex. 

1". 9 

6 

11 

ll 

12 

l\1. :3 

F . 75 

15 
19 
50 

F. 100 
47(8 ) 

32( 9 ) 

89(10) 

Number 
of 

Counts. 

9 

75 

29 

120 

80 

20 
19 
;)0 

100 
47 

( 3 ) Listed by T. B. Magath and G. M. Higgins (1034). 

Haemoglobin per cent., 
and grams per 

100 c.c. 

74 Per cent. Method not stated 

62 · 9 Per cent. (Newcomer) .. . 

60 Per cent. (Sahli) ........ .. . 
50 Per cent. (Sahli) . .. .. . . ... . 
50- 65 (Sahli) ................ . 

lO · 2- 10 · 6 grams ...... . ..... . 
76 (Dare) .............. .... . . 

10 ·8 grams ............. . . . . . 

85·3 (Wong) .............. .. . 

10·12 grams ............. .. .. 
0·73 grams .. .. . ....... .. . . . 

TABLE 2-(continued). 

R.ed Cells per c.mm. 
(Millions). ., 

Maximum., Minimum. r Average. 

2·83 

JilL 5·2 
F. 3·1 
M. 4 · 4 
F. 3 · 7 
3·7 

2-67 

4·6 

4·0 

2·87 
-

M. 4 · 6 
F . 3·7 
4-2 

3·3 

3·84 
3 · 18 

I 

I 

2·16 

3·9 
3·8 
3 ·0 
2·1 
2 -28 

2·09 

2 -3 

3·0 

2 ·08 
-

4-0 
3-4 
1 ·8 

1· 0 
-

1·80 
1·80 I 

2·68 

2·9 
4·6 
2·0 
3 · 8 
2-9 
2-83 
3·47 

3-27 
3·5 
3-0 
3·0 

2·59 
2·9 
4·3 
3·2 
2·84 

3·2 
2·8 
2-5 
2 -9 
2-78 
2-48 
2-95 
2 · 74 

I 

I 

White Cells per c.mm. 
(Thousands). 

Maximum., }linimum. , Avemgc. 

40 19 

48 22 

29-.5 I0-1 
22-0 14-0 

13·0 8·0 
74 · 0 6 ·8 
30·0 25-0 

29 ·3 I9·8 

47·0 3-0 

- -
36·0 13 · 3 
77 ·5 15·8 
- -

49 -0 18·33 
28 ·30 15·00 
- -

I 

29 

33-0 

38 -9 
33 -3 
18 · 6 
I7 

24 ·6 

20·0 
:30 ·0 

2-!-4 
.'27. 0 

16 ·36 

24·0 
25-1 
38· 5 
-

32 · 15 
20·60 
19· 8 
32 -7 I 

Throm­
bocytes 

per 
c.mm. 
(Thou­
sands). 

None 
50- 100 

35·0 
i\0-0 

2.~-7 

29 · 4 

Percentages of Varieties. 

Lymphocytes. IMonocytes. 

52· ;5 
(40. 4-64 · 7) 

8I 
6()-;') 
32·8 

;)8· 1 
(4I -6-69·9) 

41 -8 
.j,;') -0 

615- 0 
60- 0 

(small 40-60) 
(large 5-I5) , _ 

12- 58 
(small 8- 54) 

(intermediate 
0-18) 

(large 0--5) 

69·4 

62 -5 
66·0 

1 , -5 I I 
(4 · 3- 10 -6) 

I .;; 
9 ·2 
:3 ·7 

9 ·1 
(4-1-5·6) 

-
I7-I 
18-0 

-
15- 10 
2 
(l-4) 

4- 33 

7 ·5 

9·4 
8·1 

I 

P oly ­
m orpho­
nuclears 

wit h 
Eosino­
philic 
R ods. 

32· 1 
(24-4I ) 

;) ·17 
17 ·7 
49 -4 
-

29·1 
(18·8-

41 -0) 
-

34 -7 
30· 0 
-

215 · 0 
30 

(20-i>O) 

Poly ­
morpho­
nuclears 

wit h 
Eosino­
philic 

Granules. 

6 
(3·7-IO) 

10 
4·1 
8 · 7 
-

1· 4 
(0-6 · 0) 

l- 8 
6·0 

2- 4 
6 
(2- 8) 

22- 78 I 0- 18 

21 ';) 

2_4· 4 I 1_- 9 
:W- 9 1·9 

Basophiles. 

1· 0 
(0-3 ·4) 

I · 6 
:2. ;) 
3 · 6 
-

2-3 
(0-:3· 0) 

4 · 2 
1 · 0 
-

1- 2 
3 

(I-5) 

0-18 

1 · 7 
3 · I 

(') Gibbs records the differential counts as follows : Eosinophilic leucocytes with rods 10· 3 per cent. Eosinophilic leucocyt es with gra nules 23· 0 per cent. 
Polynuclear leucocytes lO · 6 per cent. Neutrophilic leucocytes and mast cells 4 · 2 pee cent. Small lymphocy t es 40 · 3 per cent . Large ly mphocy t es 
and mononuclears 11 -8 per cent. ' 

( 4 ) Listed by J. Palmer and E. I. Biely (1935), citing Scarborough (1931 ). 
( 5 ) Listed by J . Palmer and E. I. Biely (1935). 

( 7) Listed by C. Olson (1937). (9 ) Adult fowls. 

(B) One-to two day-old chicks. (' 0 ) Young ch ickE'ns . 
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for personal adommen t. \Vaniors won> them as earl v as 1350-1100 
B.C. and ostrich eggs were greatly pri1.ed anrl used for ornamental 
and religious purposes. The plumes formed part of th e tribu te 
impo:>ed by Egyptians on conquered countrie;;. 

In fhe light. of these facts and iu view of the important role 
11·hich thf' ostrich bas already pln~·ed in the economic history of 
~outh ~\hiea il i s surprising that th<' haematology of this hird has 
not received more attention. particularly, from veterinarians in South 
Africa aTJd that 1 here is <·ompuratively little seientifk veterinar~­
litPrature about the ostrieb. 'l'his lack of information cannot be 
as<·ribed to the bird's immunity from disease, for, though the grown 
animal is very hardy, ~·f•L when you ng- particularl:v wl1 e11 under 
three months-it readily succumbs to disease. 

'l'hat it i:-; susceptible to a number of affections is well known, 
though to judge h.Y the literature only a fe"' of these haYe been 
S('ientifically inve:-;lig-ated. 'l'his mny he attributed partly lo the fact 
that couutries ot her than South Africn l1ad little interest iu thr 
ostrieh frat her in<lustr,,-; for, clm·ing the years in whic·h it flomi Hheu, 
it \HI S almost !'td irely tttonopolisPcl by South .\ft·i!'a. siJH·e the bird 
is indig-enous fo this country, anu legislation prohibited the 
exportation of ostriehes or ewu of fertilise<l egg~. ~IoreoYer at that 
time there were fpw Yd!'rinarians in South Aftica a ncl thev were 
fully Of'eu pied with tht• wany stoek diseaset; then rampant,· whic·h 
o11·ing to the hn,·oc thp~· \H' l'P causing doubtless warranted more 
affentiou. Apparently no one qualified to do so harl suflirient leisure> 
to make n thorough study of thr l1ygiene and diseases of the ostrich 
a tul to prPi:Ho-nt tlw inforllla tiou for th e guirla1H·e of ot her,;. B<'sides, 
Y!'terinnr;> haemntology and espeC'ially nYinn h<1ematology was then 
much less ndnuH·erl than if is at present. 

For almost half a ct>ntury the ostri!'l1 i ndustry was of Yery great 
importance to South .\.fi·ica and formed thc• most lueratiw bnmrh of 
fanning. .\ t OJH' time ostrich frntbers were second only to wool as 
au ngrieuHund export. Jhom fhe year 18GO, when 2,3G1 lbs. of 
ft>athPr:'i nhtl-'cl at £19,i26 \\'ere Pxpo1ted from South Africa 
(\\'onuser ]!)00), the exports stradily in!'reased, exc·ept for minor 
fluctuations, till 1!)1:), the peak year of the industry, when 
1.023 .3(li lhs. Yalued at £2,95:1,£'>~i \\'C:'l't' exported. At the encl of 
191:1 tlwre were 776.:n ;1 o,;tric·he;;: in South Africa , a nd before the 
c' ollapRe of the industry in 1914 as mudt as £1,000 was paid for a 
p:oo<l breetliug- pair, and the prices obtained for chicks varied f rom 
£f1 to f: f>O (Officinl Y!'a1· Book of the Union of South Africa , 
1910-'17). Feathers realised as much aR £100 per lb. rluring- the 
hoom (Lnite 191!)). 

The o~trich feather industr~· forms nf pn•senl on<• of the lt>,;ser 
hranclws of South Afrif'H 's agricultural acti,·ities , and ma:v be ,;aid to 
ha,·e been moribund for many ,\'ea r ::; in so far as the value of the 
feather a~ an article of adornmc>nt i~ roneernetl. Still, it does not 
:-;eem likel~- that oshieh fpathers "·ill ever pas,; quite out of faYour, 
1houg-h fhe price may flu(·tuate in aecordance with the vagaries of 
fashion. 'rhe ostrich is being- exploited also in other " ·ays-its skin 
is used for wullets, handbags, aHnehe cases, tobacco pouehes, shoes, 
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etc . . and the meat, particularly when dried (biltong), and the eggs 
an• relished by many people. 'l'he £ollowi11g paragraph recently 
appeared in the press : -

·· Having· discovered that ostrich meat has D <leli<·iom; 
fl:wour, the :Mosco\\· 7-oological l>ark has begun bn•C'<ling 
ostriches on a large scale, "With the object of establishing larg-e 
flocks in the Routhern ~:Heppes of tlw ::loviet Union. B ecau se 
of its thick layer of fat, "·hich originall.v served as a protection 
from the Semi-tropical sun, the ostrich ca n endure thf' cold 
nussian winter , even at the latitude of )foscow." 

The know ledge gained hom vet criu :ny research " ·ork 1 11 

connection with the ostrich would, therefore. sene the interests not 
only of science hut of trade, especially if there should be a revi ml 
of th e feather industry. It is hoped that these studies will add a 
link to the ehain of that knowledge. 

Incid ently i t may be mentioned that the literature discloses no 
data about th~ blood ·of any kinrl of South African hinl-apart from 
the c-hemical analyses by Malan (1930)-and it will be seen £rom 
'!'able 2, whi ch embracE's most o£ the observations on the cellular 
element~ of the normal blood of the domestic fowl , that th e re.~ults 
show marked disf'repancies, especially in respect of the total 
leuco<·yte and thrombocyte counts and the perf'entages of the types 
of leucocytes. }Ioreover. bloorl obserYa tions madE' o>er seas are not 
necessarily applicable to South Afrif'an birds, for, as is well kno" ·n , 
the blood picture Yar·ies more or less with breed , climate, 
geog-raphic>al habitat, etr. 

SUBJECTS USED FOR DETERMINATIONS. 

As lhe primary object of this work was to obtain infor mation 
about t he blood of normal ostriches the intention was to ut ilise, for 
the purpose of resf':ueh , hircl;; hatched either in an incubator or 
naturally and remoYed immediately to an area wh ere there was no 
risk of worm infection-to whieh the ostrich is Yery susceptible-and 
" ·here they could be so attended to as to remain in perfect health. 
Buf incubator-hatc>hed birds were unobtainnhl e and t-he writPr h:td 
to cont ent himself with six chicks which hall bee n hatehecl bv n 
semi-wild ostrich , and which were already about two ·weeks old " :hen 
they " ·f're caught. Luckily they proYed later to be three hens and 
three cocks and consequentl~- th e blood of t.he sexf's c-ould hf' 
<-om pa red. 

Before capture these birds had the run of a big farm on whi ch 
thf're were few other ostriches and it was, therefore, consid ered that 
little, if a n~·, " ·orm infection could haYe orcurred within ~o short a 
pe riod. 'l'hey were then reared in a ramp on the Stellenbosc]J­
Elsenburg Agricultural College £ann, :Mariendahl, Stellenbosch 
distrid , where t hey had con siderable freedom and where there had 
been no ostriches for mnny years (perhaps neYPr). not e>en within a 
radius of many miles. Furl her more, as the four species of worms 
known lo be harboured by the ostrich. viz., the tape-worm, 
llo1lttllynia struth ionis, ancl the nematodes, Codiostomum struth io nis, 
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01·nithost1·ongyltts douglasii and Conlortospiculwn slJic?dm·i(l 
(Monnig 1929 and 1934), are not kno\\·n to occur in any other species 
of animal, little, if any, worm infestation was antiripnied. 'l'his 
expectation was fortunately realised, for faeces examinations made­
b;\· the centrifugal flotation met horl described by ::\Jonnig- (1934)­
(luring the course of the research work proYed neg-atiYe and nlRo on 
post-mortem examination no worms were found. 'l'he administration 
of YermiridPs wa~, therefore, unn!'cessary, and possible blood changes 
due to su ch lreabnf'nt was at!·onlingly eliminate(l. Cnre "·as taken 
a lso to ensnre that l h e birds remained pntirel.v frep from ~>do parasites. 
FiYe of the birds-numhe1·s 1 to 5-showed no tr;we of disease, eilher 
during· life or on post-mortem examination, and their hlood nw;\·. 
therefore, bP l'Onsi rlered lo ha,·e been normal. 

'l'he re1nainiug bird , number fi, when nbout ~ix m onths old, 
disloea te<l a metaca1·po-phalang·cal joint and the dislor;~tion could 
not br rem edied. Tn eonsequence the bird l1ad a club-foot, and as 
the joint alwa~'" came in contac·t ''ith the ground n larg-r tmnour-lik~> 
formation clrw•loped over the part exposed to the ground. UthPl'wise 
the binl was perfectl~· hralthy, for on post-mortem examinntion it 
-.howecl no internal t•,·idencP of disense. A s it eould not hP eon~i<lered 
pprfertly normal, the rNmlts of the examinations of itf; blood at'e nDt 
includetl with those from the normal birds . hut the\· are npyertllPiess 
reronled for the purpo,.;e of <·om pari son. . 

ll would. of t·our:ie. have brf'n beUrr io have had n lurg-Pt' number 
of a bsol utelr health~' bini,.; for these blood obserndions, hut sufliei~>nt 
lucerne-gn111ing, so essential to the well-being of ostriches hpt in a 
limiter] an•a, wm; not ;n·nilahlP. '!'heir other foo<l cousi~ted of a 
p lentiful s11pply of choppNl bonf's, oats, ntangolds, etc. Some of the 
obsen·ations. such ns cell-counts, de., werP repPnted at i1drnals 
fro nt lhe timr " ·hen tlw birds werp about srven month,.; until theY 
were about two y!'ars ancl ~>ight month~. ,·ill .. until t lwy "·ere hill~· 
maturr. 

'J'he blood of sixteen otlwr ostriehes was a lso examinecl. l+:le,·en 
of th ese- numhers 7 to 17-\\'Pre semi-wild f ull-gi'Own birds l'attght 
on thP farm " ~ ag"·ag " , Br·Nlnsdorp District. They appeared 
health~·. but ilw writrr wn~ unl'ol'tnnaidy not given au opportunit~ 
of eontlucting- po~t-mortem ~>xaminations on them. Faec-es from only 
a few of tll PSe hinlf' could hr PxaminNl ancl the~P contained nmn\· 
worm Pggs. As nonr of thP birds hacl ever rerein(l vermicidal 
trp:1tnwnt. it is most l ikt>ly that nll of them \YPre ,,·orm-infpstc><l. 

The rernaining fin· birds, 18 to 22, wen> semi-wild o~trirh (·hirf<;.: 
sent to the write r from the farm " Yan <ler Stelkraal ", Dredasdorp 
District. Tlw,;r hinh shmYP<l markPd unthriftiness, and on post­
mortem exan1ination lhev werr all found to h0 ReYerrh · infested with 
wor·n1 pa.rnsite,;. partinrl tll·ly t::q><'worms. A s it i s inlp(,~sihl t· lo judge 
of normality from rxternal appcaranc·r alone, only llw n•sults from 
birds 1 to 5 '"ill bP considered ns r esults from nonnnl hircls, and 
thos<' from numbers 7 to 17 and from numlwrs lR to 2~ will lw classed 
respe<"li,·ely as from dinienlly healthy ostriches and horn unthrift.\· 
o~tri c h chicks whi<·h on post- nwrtPnl examiuatiou showP<l 111:1rked 
Yf'l'llll llOSl S. 
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H '"as diffi(;ult to makE> observations as th e nearest farm-otlH~I' 
than Marirndahl-on wlJi('h ostriches werE> krpt " ·as over n hmHlre<l 
miles disbwt from the laboratory. 

Cr.., ss rnc.\Tro;.; 1w TliE Usnnnr. 

'l'hE'rr a re diflerent opinions regarding 
tlw ostrich. Cronwright-~cbreiner (l R98) 
clas~ification:-

the rlassifi ral ion of 
giYes the followinll 

l. :Xorth Afric:au bird-Struthio comelus. 

2. 1-louth African hinl- Strutltio mi.~tl·alis. 

:3. !Somali Ostl·i(;h-Stl'ldhio molybdoplwnus. 

Iu South .Africa the industry wa s starte<l with tl11· Struthio 
australis , but as the frathcr of the :Xorth .\.fricau bird, St1'uthio 
camelus, proved superior, a number of tlH·sr hircls were introduced 
at different times to improve the stock. Cross-breeding "·as strcc·essful 
and, as the hybrids are fertile, a certairr per·centage of the hirds in 
South Africa are crosses between the t"·o species, Struthio crun el11s 
and Struthio australis. 'l'he birds used in this work, howenr, had 
the characterishrs of tlw true Routh African bird, namely, Struthio 
australis. 

TilE ~!ARJ\T~G OF 0 STRIC'JLES . 

As ostriches look so mu(;h a.like-eYen the sexes being difficult to 
clistinguish until t he birds a re about a yea r old- i t was nrcessary to 
mark th!' birds ou which repeated ohsenations " ·ere heing made, so 
that they could be rracli ly iclentifiell. Th e.Y were, therefore, branded, 
for branding is a simple and most elh,diYe way of marl<i11g an 
ostrich. Clips in the wing were considered undesirable, as they 
sonwt imrs cause inflammation and possibly leucoc:dosis. 

A piec:e of wire, ahout 7 mm. in dia.mrter and 18 ill(•hel' long·, 
was bent at rig-hl anglrs, so that the short ann of the wire wns two 
and a hnlf inehes long. 'rhe six birds l<ept at :Mariendah l wer!' cnrh 
brnnded on the right thig·h in Homan letters, ,·iz., I to VI , wh rn 
th ey were four months old and the letl er ti " .E' I'e placed suffi ciently 
lo\\· and were big t'nough to be seen re<Hlily fr-nrn a distanc·r; thus 
any unnE>cessnry handling· of a bird was avoided. 'rlw wire, hea led 
to a dull red , was applied just long enough to burn through the 
epidermis. Excessive burning, particularly when a small lorand with 
ordinary lettering is used, somf'hmes results in so rnuch scar tissue 
form:rtion that the adual l ettering is obli terated . H chiPks und<'l' 
t hree months b<.wc to bE> branded, i t is brst to braud t hem on tJre 
side of thC' abdomen, for lhe thighs ar(' then sti ll co,·ered with down. 
A fin f' wire should then be used. H ealing- is wnrally complete after 
five weeks and the mark pmbnbly remains for life. Determinations 
r ecorded were made onh- about tw-o months after the wound s had 
completely healed. · 
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COLI.ECTlN(; TilE HLOOD. 

From ost riche:; up to the age of aboul four months ~:>mall amounts 
of blood, such as for ('ell eouuts, are most l:'asily obtained h~· 
punriuring the bracl1ial Yein just abo,·e the shoulder joiui. Thl' hinl 
is laid on its side on n tahle or ho:s: of ('Oilnnieul heig-ht, a11d is 
suitabl,y controlled by one or two assistant::>. lt is much easier to 
restrain troublesome birds if the hock joints are fl execl and then 
imrnobilised hy mean~ of cords, or preferably HOft linen b:uHls, n;; 
the skin i-; easily c hafed. 'Ih<:> uppermo:.;t wing is h eld extended and 
the site is cl<:>nnsed "·ith a pledget of cotton wool moi stened with 
alcohol. The ,·eiu, which is easily seeu when the wing is extended, 
is then :'llig·htly compressed opposite the shoulder joint \Yith the thumb 
of the left hand and when the site is quite dr,,· the ,·essel is punctured, 
an ordinary hypodermic needle being quite suitnble for the purpose . 
The needle should be held in a position Yel't ical to the courst> of the 
vein ; if the puncture is made obliquely, the skin .~trett · hes slightly, 
with the result that when the ueedh• is " ·ithdrawn th e skin retracts, 
preYenting the free flow of blood. Th <:> blood then collects on the 
fold of the skin which fills the angle between t1H~ humerus :mel tllP 
ribR, and the required amount of blood can then be c·orrectly drawn 
up in a b lood cell count or other kind of pipette. Blood rell count 
pipettes ('l'homa-Zeiss and '!'renner) were ahn1.ys usecl for diluting 
the blood in the case of young rhicks, as much blood could not easil~· 
be obtained, nor " ·afl it O('simhle to extract mul'h blood. Hnemoi'J'hagc 
may be arre~led by pressing- a finger on the wound for about one 
minute, hnt aft<:>r relea<>e of the bird hleerling genemlh- stops quife 
~non. 

When a fair quantity of hloorl was nf'eded. as for the ptUJJOt~e 
of determining· percentage volume, etc., it was dnnm from the 
brachial vein b~· inRerting into it a hypodermic Iwetlle with a horf' 
of about 0·!) mm. and drawing off the refJuire<l amount of blood 
ll'ith a syr.inge. As a needle of su('h fine hore has to he userl tl1e 
blood sel<lom flo\\·:s sati,;fadorih· of it._ ow n <H·t·ord en•n wh en I he 
Yein is well compressed. (Difft>;·ences beb,·e<:>n counts made of bloo<l 
drnwn off with a syri nge autl of blood whirl1 flowed out spontaneous!,\' 
were li egligible). Vel':v young rhicks sl10uld ht> hantll L•d carehlly 
a~ they readily succumb to injury. 

In older hirdR, snfficien t blood for ordinary haeHltltologi<·n 1 
determinafions can lw obtained from eith(' r t lw right jug-ular or ·J 
brachial ,·ein , for these Yeins are " ·ell de n:!loved . 'L'h <:> hlootl 11'<1~ 
t:suall~· ('Ollederl from t ht-" righf hnH·hial win, whit·h j ,; pasily 
accessible; the birds usually rrseni hm1rllin g- oi thci r II<'C'ks. Th ey 
pe1·sist in ;;way ing· them nhout nnd they u;mall.Y slrugg·]p if attenq1t,; 
are lWHle to c·ontrol th e nPck. 'l'h P needle, th erPforP, easil~· bec·omf's 
d islodgecl. 'l'he procedure adopted her<:> was bnsed on th<:> IJJ<:>t hod 
of 1\"('se r (HJ2:1) and is as folio"·": -

'l'he hinls are driYen into a small endosun• a11!l b,· me;tns of 
a st irk-al1out six feet long , to oM end of " ·hil'!t tl fhi'<"k pi ece of 
hard win• hent into tlw shnpe 0f a hook is attacht··<l- the hi rd i,; 
griJJ]Jed af th t> back of if s JH't·k just below the head. Th e hinl 
immediate!.\· !'Par:< :llld wiih tht• rig·hf h:H1ll it is rlwu <·aug·h t ut fhe 
haek of th e n eck. ,~e ry h11ne bird:,; ma ,\· ht> raught without the aid 
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of a stick. A blnl'k stol'king· or ,orne other type of blinkt·r porou;; 
enough to urlmit sutfic·ient air hut lo0 dense for the bird to ~el' 
t hroug-h is pulled on.•r thP head '\Y lwn onc·P t lw head ha,; lwt>n 
nwg-ht tht're is l ittlP dang-pr· uf being kickNl, and it is smprising­
ho"· lwlplt'~<' and do<'ilP :tr! O'itril'h ht•c·oml·:; whPn it c·annot see. 
'l'hP bini is then manoe11ned into a \ ' ,.;haped cnr;,h just lorw enotwh 
to ;wc·omnrodate it. 'l'hP hack of thP ostrich is 011 ·a leYel ~Yith tl1e 
lop ol tlw c rush. (Fig-. 1.) 

It is Jlnt clesirablP to use g·ah·anisecl iron for making the c·ru'ih. 
for noise eau~t'cl by tht' kicking of t lw hinls frig-htens them and the~· 
hf'<·omP Yen· rt'stle~s. ~f'ither shou ld tlw crush be built close to 
trees for tlr~ir rustling- on a 11·ind~· da~· also exeites the bird~. Floo1·ing· 
hoa r·ds were found Yei'Y sn i la hle. 'l'hei r surfaces should he planed 
snwnlh otherwise the <;;;trich ('a ll g-et a hold on roug-h surfaces witlr 
it s d :nn; and thus lPYeT it,; hod.\' l:arkwards and up,Yard,: and makl? 
I'Onlrol cliffi(·ult. Thinnpr hoard~ might he brokeu by au adult bird . 

ln the crush the bird i~ tontrolled hy ont' o r more assistants 
applying their hand~ to the i,;c·hial hone';; au<l pushing tlw hircl 
forward, "· hile others push him clownwardR by applying th eir hand s 
to thP Rarral rl?gion , <HHl nt tlw 1-mme ti111e another asRiRtant lift~ the 
right wing-. The orwrator st mHls 011 the left side of the bird, and 
clnring- the operntion of in~Pl'ting th<:> uPe<lle into the Yf'in nnd collf'r­
ting the blooLl he presses with his fore-arms on the binl's bnck thereby 
also helping to preYent its moving upward. Orrnsionally a bird will 
flop dow11 a1Hl refuse to get up. I I is best the11 to (lrag- it ont of the 
crush and to prp~,; it down so thai it <'nnnot get up whilP the blood 
iR heinr:r dnl\YH. At least thret> men are required to kPep an nrlult 
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ostrich down. Attempts were made to control birds in the crush by 
tying ropes round them to oln·iate the use of many a ssistants, for 
at least four are required to ('Ontrol a restless bird. Thi s llH?ihod, 
howe,·er , proved undesirable, for the feath ers were eas il.\· dislodged 
and t he s l; in wn s badly r·hafed b.'· the ropes. 

The ~emi-wild bird~ from whi t:h blood was r·olleded in the 
Bredasdorp district , when once they were caught, struggled much 
less tlwn thP s ix bird~ kept at Mariendahl, and th ey lli:l not Yery 
vigorously rPsist the llrawin:,r uf blood from the j ugular ..-ein; no 
doubt they " ·ere too srnred to do so. Of the six ' · 1la riend.ahl " 
hird,; fin'· t-~<Wn lweame lliWd to lJeing handled and scan·Ply rt>scnted 
the insert ion of the 11eedle, so t·hat ler;s assistanre was required. But 
the renwiniH!.\' biHI , :Xo. ti , ahn1ys put up a s truggle. 

In an e~dult ostrieh the hrarhial ,·ein m easures about G llllll. in 
diameter, and a hypodermic needle about 4 c·m. long· and with a bore 
of about 1 .lltJn. in diameter \Y3s found qu ite suitable for im;ertion 
into the vein of a. tull-grown bird. For younger bi rds a needle with 
a diam eter of 0 · 7 mm. waR used. The "·ing-s WPI'e URetl altemately 
when fairl .Y i'requent coller·fiollH were Jllade and sometim e,; the blood 
was obtained from the jug-ular in order to eliminate the possibility 
of rontarn in a.tion by inflammatory products. Hut it would appear 
that phlebitis is not easily induced in the ostric·h. It wa s never 
once obsprved and it i ~ ~urpri sing how soon the puncture "·ound, 
or indeed any wound, heals in the ostrich. 

In the adult bird the skin overlying the ve1u 1s fairly thick 
and its eolour is hlue like that of the ..-ein: th(• Yl:'ssel rannot, 
therefore, bl· seen until the blood flow is slig htly impeded hy gentlP 
compression, which i'l al~o nece::;sary in onler to ohtain a free .flo"· 
of blood. \Yhen the needle is inserted it should he pus hed in at a 
very acute angle ancl in a tlirection against the flow of blood, so 
that it> point is at lea~t 0·5 clll. from the point of eutry into the 
vein; otherwise th e opposite wall of the Ye,;sel may be penetrated 
or, if not in,.;erte<l deepl~· enough, it ma .'· s lip out if the hinl strugg·les 
r-lighily . 

• \ ~0 per cent. solution of l ithium f'itrate and po1nl erecl h epn rin, 
whi!'h m·e again rpferretl to UJHler '' PreY{'ntin g C:oagul:dion of the 
Blood ", wPre used us nnticougulaut s . Lithium <·it ra le was used 
in the early part of the work, but was lnler repla<'ed hy h ep a rin, 
and the blood was C'Ollectt>d in bottles with necks about 0·5 centimetre 
ill diam eter and graduated ~1 :; descrihPcl by NesPr (1923). Earh 
bottle contained sueh an nmou1l1 of the li thium r·itrate solution, or 
r,t Ow powdered h eparin , t hat when tlw bottle was filler] to the mark 
Oli the ne<'k, there ,,· a~ 1 pnrt of lithium l'itrate to Hl9 pad,; of blood , 
or 1 part h eparin to about 5,000 parts of blood . It is n ot always easy 
to fill the "oHle nc<·tuatel v to the level of the m~uk but s in ce sul'h a 
small proportion of antic·oagulnnt is nsed a slight etTot in th e Je,·el 
is not significa nt whPn a fn ir quantity of blood i;.; dra,,·n. T h e blood 
was, hon·e\'el', always eollerted in ~nl('h smnll nmonnts and at Su<'h 
in ter Yn ls that th e o bsena tionf; may he regn nled as alway-; lu n·i ng 
been marl~:> on normal blood. 



THE llLOOD O.F TllB OSTRI CH . 

• \ ccordiug to the obsenations by ~eser (19:!3). tlw rate of the 
c ireulation i::; a Yery illlportnn l faetor in Lhe dist ribution of thE' r ed 
<·ells, u sluggish perip heral (' irntlation resultin g- in a concentratiou 
of the rPd cells in the JWriphery and th e rP\' t•rse in tlw jugular 1·ein. 
lie ronsi den"'tl the jugu In r 1·ei n in domes! ir lll llllll11a ls the bE's I source 
frolll which to <'Olled h lood, and his reasons maY '"ith athantage 
he repeated her e : - · 

1. " The 11·hole eil'(·uit is comparatin·ly s hod au d thr fio11· of 
blood is fa irly ra piLl. 

'2. 'l'he ein ·nlrltion of the head is rclatiYel_,. larger t hnn t h;~t 
of any oth er ac·<·P~sible part of the body, and for Lhm 
reason the relatiYe ek 111ge in t lw blood f or n g·tvPn 
actiYit:,· will be least. 

:t Ther«> is little, it nul', ohshudion to the flo11· of blood in 
the jugular wi n ·owing to the adion of graYity. 
~!agnation iii, iht>refore, impossihle ht're uuder normal 
C'i reullllihl nt·es, and tbr hloo<l iii coll sequelltl_,. thoroug·hly 
m ixetl.'' 

P ou <lm· (1D;14) , on t he other hn nd, rcuu1 t'_h: " In spite of 
occasional st~dem ent:; lo tlw contr:u~·, it ,;ee nl li to lw establ isl1r<l that 
the rf'd <·Pll count is tlw sa llH' i n normal aJ·trrial, Yenous, and freel :--· 
flowing <·apillary blood, tmd that ,it is the same in normal hlood 
iaken from c-entral ancl peripheral vessE>Is (Hud, 1922-2:3. ~frCay, 
1928).'' 

The 11·i ng· Yei n of the ostrich mn .1·, fo r the rea so us mentioned by 
Ke"er, ht> l'On~idered more suitable than the jugular, for t he 
eirculat.i.on is 111Ueh shodE'r in the wing iiH\n in the ner k , while th~:· 
oth er two J'Pa:;ons :ue t>quall y applieahle to thr wing vein. Besicl e:o;, 
a ,. alrt'<Hl.'· statetl, blootl is more easily obtained from thi.s soune. 

( '<lllnts nud pen·l'nlagt> 1·olume detf'rminations \\·Pre Jllaclt' from 
blood Pxiradecl from t lw jugular and also from the " ·ing n>in, but 
the.1· <liftert:'d only 11·i t hiu l imits of error, so t hat, both for theon>tieal 
a tHl praeti<·al rt:'asons, tlw brac hial ,·ein may ht> <·on:-;itlered thl:' most 
su itahl e in t he ostrich. 

Ptn:v J·:NTIXG CoH<l'I.ATIO:" 01• T liE BulOJJ. 

In testing ostrid1 b lood to detennin<:> it H roag-uhtioJI tin1e, i t 
wa~ ohsened that r lotting i:-; u-;uall.'· lllut:h dela~·ed, and often 
saJH]J lt>li of \Yholt' bloo<l, sti ll umm•gulatt'd. wen"' rli:<carded <la~·s later. 
t sua lly samples d id no t t·oagulate for ~eYeru l h ours :1 fter they w<:>re 
collc·dP<l hut sonwti mes it did happen that t·oag-ulation Otl'lllTf'd 

"·ithin <I ll hour. 'L' he grt>at adYa ntagt> of thi~ un us ual property of 
osll'i(" b hloo<l was th~ll ohst>rYntion s c·ou ld a lllo eao-Hh · ht:> lllatll:' 0 11 

wl10le blood ancl the~:;e <'Ould be compared with those 'n1ad e on blood 
ront:ti nill f!' anti<'oa gulnnt t< . 

Hniubridge an u lfenr.il's (1919) state: ·· 1'h e hlood of hinls 
rontainA uo platelets, nnd will not dot, i£ i t is <lrawn diredly hom 
a blood 1·essel without eontnet with the tis·ues. If. hoiYeYer, it is 
allowe<l to flo\\· •>,·er t he acl.iat·ent t issu es in its pa'!sag-e from t he 
Yes~el , i t will coagulate readily. " 
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This st·atement requil'e~ moJification, for, thoug·h the blood of 
the ostrich doe:; not r eadih· dot. this is not true of fell\"] blood. 'l'he 
writPI' has on many oceasi~ns drawn blo0\1- by means of a sp·ing-e­
dirPd from 1he ht-arts of to"·ls :J.("eording to the 111elhocl of ~loa n 
and Wilgus (19a0), and also from tlwir wing- Yeir.s, and <'oag-nlaiiou 
usually occuned within a short period e n:'n when the inside of the 
sy l'iJq:re banel " ·as ('oaterl with Yaseli11e. According to Dukes (19:~4) 
the pPriocl of c·ougulation for £0\d blood i:; 4t minutes, and Johmmn 
and Connor ( 19:{:1) "·ho determined th e coag-ulation time of the blood 
of 12 fo"· l,; found that it Yaried from 1 minute 10 sel'onds to 14 
minutes 15 se!'ouds with an ;t\·eragP of (i minute;; ~1 ,;ec·ontls. K aupp 
(1929) states th e period to he :30 seconds. lt is, of c·oul'se, gerwndly 
agl'eed that, though phtrlt>t s ns sPE'n in mammalimt blood clo n ot 
Ol'l'1ll' in nYinn bloocl, thP t hrmnhoc·ytc•s 111 binls' hlcHHl Sf' I'Ye tlw ' :11\le 
puL'pO~f' a ,; th e platel ets . · 

{),;tril'll hlood som f'tim e:; clot,; qui<'kl~·, espec·ia lly in \\"<l l'lll 
\\"f'ather. onee it. ha s heen in contad with the ti;:su es or if hroug·ht in 
c·o ntal'i with blood that has ah·eudy coaguhttf'll. Tt \1 a,; abo 1;ntic·ecl 
t hat thP bloo<l coagulatecl 1110n' readily \\"ht>n th e bottlrs IYert> filh·cl 
,.; [O\\·h lwc·ansl' of obstruc·tion in the lll '<'clle or \\"lwn a neediP ll"ith 
:.~ l"el:_,. fine ho r f' \\"aS u sed. 

It \\"Ould appt>ar that tlw prolonged <·oag ula t ion 1ime of o,;trit· h 
blood t·anuot hf' C"orrela lf'<l with a lo\1" c.:a l l'i um c·ontt>n t of the blood. 
From 'fablE> 29 it \Yill hP noted that the c;al<-inm eon1 ent of ostl'ic·h 
blood average~ 10·1 mgms. per 100 c.<'. blood. Thi s fig-ure is hig-h 
l'omparell with th~:> ndues gin>n for som e animals \\"ho,;e blood c·lot s 
\·er.\· I'!'adily . For examplP-lo giY t> only a fe\\" figurp,; a s rec·ol'cl~:>cl 
by Duhs ( 19:1-!)-the c·akium voutent of the hl ood of thE' ox is 
7 ·1 mgms . IJPI' 100 c.e. antl t he c·oagnlation time G2 minulrs, the 
c·lllTPsponcling· figm·p,; for 1 h ~· dog he ing (j · G mgm s. and 2~ milllltt•s 
nncl for th t> l'<lt f,. r, mgm s. aud 1 t o ;l lllioutPs . <'alc·ium val u es, 
n·ported b~· Kucl\des ( 19:~4) for hens n ot iu la~- . Yal',\" from H to 12-:1 
m g m s . ]JH 100 c·.c. hl oocl . 

• \.::; C;oagulation of ~a111ples ;;ometilllf's tlid lake place hefon' it 
was pos;;ihle to com plet e t he obserYa1ion s, it \l·a s IH'I"l'S~a t·y to u~t> 
an anticnagulant . :Kese•· u srrl a 7! ]Wl' t'l'llt. ~odium c·it rate solution 
as antieoag·ulant in tlw proportion o f l part anht·oagulaut to !) part s 
of hlood, a nd th e writer's i nt ention was to use, also in the snllll' 
prop ortion, an isotonic ;;oluti on of a :< uitable antit·nag·ulau t so that 
true percentage Yolume readin gs t:oulcl lw ohtain t><l. lt " ·ns. b0\11 '\·er, 

soon realised that , wlwrNl s it is po~sible to fill up the hottle 
con tn iuing- lhf' anticoagulant to a definite mnrk whc·n l'Olleeting· 
hlood from a d oc·il e animal likP the hunw, it is diHic·ult to tlo so 
whc•n Pxtrading- blood from au ostri,·h. As a rule, t ht> binl;; are 
r estles:>, :1 11!1 a ;; thl' operator ha;; t o I'OllPc:t hl oocl hom t he undf'r sid e 
nl the w ill g \\"hile u sual!:.- ,;la nding on tht> oppositt> ,- ide, it i~ oft en 
irllpossihlf' to fi ll up t lw hottlt> t>X<Idly to tlw mal'k. This neee:;sitnt!'s 
thl' ,; ub~t>qm·nt addition of saline or t·he remo\·al of blood , ancl 
1hNf'fort> adrlit io nal calculati om; haYr 1o ht> 1nadE'. 

lt was, therefore, clf'cicl ecl to fincl an :llltieoag·ulant of \Y]J ich suc·h 
a minu te qnantit_,. IH'Pcl h e used , e ither in ,;olicl 01 liquid form . th n t 
correction ::; 11 et>d not he nu de E'Wn it th e bottle i ~ fill f'll up slightly 

435 



THE DLOOD OJ:' THE OSTRlCH . 

abo,·e or below the mark. Sudium citratP, potassium eitndc, hthiun. 
citrate, sodium oxalate , potassium oxalate an(l sodium fluoride were 
triell in solid forn1. But it ''"as found that , when the:o;e were used 
in sueh quantities ns would inYaria bly prt>n•nt <·oaguln tion, slig-ht 
LaPmolysis somPtimes resulied, as was evidenc.:e<l h.Y tinge<l pla~nw 
when the blood wm; c.:eni.rifuged. 'l'he aforementioned salts in 
powder form were, therefore, considered 1H1Ratisfadory, as the degree 
ol' h:H•molysis eould not bP (·onfrolled. It was finallY found that 
0·5 <'.c. of a 20 per <'e nt. t-~olution of lithiunr citrate I<; !)9·5 c.e. of 
blood invariably preYe11tcd eougulation and lll'Yer eausPd any 
h aemo lysil';. }1or('over , as l ithiu111 ci trate is a salt that does not 
occur in thE:> blood, <·oneetions need not be made in c· hemie;tl anal~·s<•!'; 
of thf' blood. 

The li t hium citrate solution , however, enu~<es slight <·renation 
of the c<.'lls, and consequPntly a true pPrcentage ,·olumE· re~tding is 
llui obtained. nut it will he HhllW ll undf'l" "Relati,·e Yolume of 
Corpuscles and of P lasma " that, by applying a small rorrf'ction 
fador to percentage Yolume readings obt ained with eitrated blood, 
sueh reading·;; may for p1·;wtical purposes lw regarded n~ ideniif'al 
wirh those of whole blood. 

llepariu. whith "·as unproc ur:thle in South .\fric<l at thP time it 
was first required , was tried later and proved an even more suitable 
anticoagulant, for, when used in tlte proportion of 1 mg·. to 5 <.'.f'. 
blood as was used by 'Viseman a nd Bierbaum ( l9:32) for hu111an 
hlood, it al o inYariabl~· prevented coagu lation. Haemol~·sis was 
never observed and differences, when present i. n the percentag-e 
volume readings of '1\·hole hlood and of hepari nisecl hlootl , werP 
insignificant. 

The aforem<>ntioned workers state: .. After weighing out this 
quantity a f<.'w times to visualise the approximate Yolume involved, 
the quantit.'· of heparin added to each tube may be estimated withou t 
disturbing the arruracy of t he teRt .. . 'T'h is pro(·E:>d ure was arlopted 
hy the writ<'r and proYed satisfnctory. 

PREI'.\IUTIO~ OF S)Jl·:.\RS. 

Opirtion difter.~ <"Onsiderahly as to the most so tisfactory method 
of making blood smears suitable for diff<.'rentia l rounts. .\ceorcling 
to ~eser (1D23) the distribution of the teucoc~·tes is often most irregu­
lar when smears are prepared by th e slide method, viz . , by placing 
a drop of hlood on one slide and causing i t to spread by pushing it 
wiih the edge of another -;lidf'. He sh\te;; that as a rule the leueocylt•;; 
are Henly distributed throughout t l1 e smeAr by l1is coverslip method 
in ,Y]lieh tl1e blood is spread between a slide and a CO\'erslip, insiPn d 
of between two coYerslips, as is f'ustomary in determinations on 
human blood. IIo,>eYer, hP does not rerord differen lial rounts mad e 
from smears prepnrNl in both ways, i ndicati ng tlt e difff'rences in tl1!.' 
countR. De Kock (1931) slightly modified Neser's method by substi­
tuting a squarely c·ut portion of ~licle glass for the coverslip and 
states that the method ga.Ye morE:> uniform resul ts tlwn smears 
prepared in any other way. Man.v other workers also favour the 
(·overs lip method. 
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Uu the ot her hantl. Schilling- ( l!)J;J) d esnihes on l:v the slidE' 
m e thod . 'Virth (1931) is of opinion thrd tl1t> distribution of 
leucocytes is us e,·e n "·ith t he s lidt> method aH with 1l1e c·oYP I'Hlip 
method . Lucia and Lucia (l9:28) give counts nwd e in diftert>nt 
wayt:~ from ~nl t>Hrs preparerl by tlw slide m e thod nnd s tate:-

·· It wa:-: f ound that the c·oun t,.; in en~n· l'ase fell within on e 
staiHlanl dt·Yiation of t he g-roup. lf t h e p~·ohahili t_,. of variation 
a r ound the lllt'Uil (staullard cl eYiation ) is ta ken into c·on,;idera t ioll , 
no adva ntag-f• t·an lw asnihcl to t h P c·oyerslip OYc·r the ~ ! ide met hod , 
as far as d istributi on of C'ells i;, c·oJwemed." 

K olm e r allll 13oerner ( l!J:H) dPsni he bot h JllPt hodii, ancl tlwi1 
only commE>nt is: - '' The eowr,;lip m ethocl is prdt'n ed by man .\' 
dinical pathologis t s, although it teud s to prodnl'r rupture of t h e 
lf' uc·oc·ytes." ln other text l)()ok,; c·on,;ultetl usua lly both method ~> 
were a l so cle:-wri lw tl , bu t no prE'fl'rt'JH·e wa:; nH' ll t ionPcl. The \Hi ter 
also eonslllt ed se,·erul "-ell-known hnematologists. and tlw_,. prt>pnre 
.-mean for clifterPutia l cou n t,; on! ~- hy the slicle nwt hod. 

~[e~sr,; .• \.rthur Thomas & Co., Philadelphia r .S.A. havt> pl:wt>d 
011 th e m arket a "Differential Counting- and Sta ining Outfit " 
inn'JJtE'cl h.v llauss!'r. \Vit h t hi :-; outfit, smenr~ are prepared as in 
i h e coverslip method, the blocHl being- spreacl w it h a small 
reetung·ular hloe k of g l ass on a sp ecially thic:k gla s:-< slide. 'l'lw 
following n•marks from the firm's Hl31 Catalogue edi tion , iu \Yhich 
i he outfit j ,., adwrtised , may ht• quoted h PI'P: .. It is tlifficuU lo 
obtain blood smea r,; of uniform thic·knes~ oYer a largf' area w ith an~· 
technique \Yl len ordi nary m ic·rosc·opic· s lides nne] l'OYerg-la s~Ps are 
lll'ed, benm;;;e of the eurYature i n the surfaces of both. It has been 
stated that this u suall~- amounts to a full waYP-leng-th in a linear 
llist a nr<· of lmm . Sill!·e a \\'a Ye-le n gth is about noo mirruns, aud 
a blood <·orpusde m en,;ures about 10 micron s, it is evident thnt , 
while at one poi nt ab"ol ute I'Ontad may b e vossi hle, th ere may lw 
sufficieut u n t>q uality of s urfac·e at n distance of only 1 mm. from such 
a point to pile' up a lnyf'r of 11ot less thnn s ixty C'orpuscles, wbpu 
smears art- so made ." 

Therefore , it does n ot appf':n to haw beE' Il clefi ni tPl.v establi sh ed 
.\·et that the <·OYt>rslip m etho<l g-iws a m ore PY ('II di s tributioll of tlw 
l eucocyt e,; m· in nn~' ca se n so nnJI'l t more reg ulnr di st ri b ut ion as to 
he of prartieal importance. 

Rmt>nr,; may be eas i]_,- and satis factorily prPpared . h y tlu­
co,·ers li p nwt hocl , hom t h e hloocl of animals wh il'l1 <·a 11 be broug-h I 
into a laboratory or· sheltf' J'E'cl placf' in \Yh ich thE> nir l'an he kE'pt freE> 
from dust. hut in th e case of the o:-;t ric·h this j,; no t so t>asy . r ,; ualh· 
ostr i d ws ;1re no t :-; ta bled. l:ut are allo"·ed to pil'k up i h.f'i r foo d 0;1 
the Ye ld . a nd the\· can onh- with cliffil'ulh· b E' dri w n into a :-;table. 
L"ncler onlinar.Y 'fielcl C'On.clition s, theref~n·t> , ~ lllears han to l:c• 
prepared i n th e open , an cl as t he s urface of the g-lasse:-; h aYe to lw 
scrupulou , l.Y c· lean i11 tllP cowrslip llle t hod it is cliffi rult to prt>part> 
su c·h :-;menr.~ on a windy cl ay n:-; tht> rlus t so quic·kly se ttlE's on the 
g lasses. )loreOYer. the numerous fi11e seales 011 the f eath ers of thP 
ostrieh f'n< i] _,. hN·omt clis locl gecl a nd settlf' ,)n t h t' l.das,.,t>s. 
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The conrslip method of Nest>r a" modified hyDe Kork wa s tried 
and, apart from the a.boYe-me11tioued disadnlllt agl" assoeiated with 
th(· coYerslip method when applied to the ostri('h, the \l'ritrr oHe1r 
had to make a number of s mears lwfore n sn ti ,; fndor'l' mrr wa s 
obta ined en•11 on qui t> t rlays whrn the sur ia <:t>s of the glas~p, ,,·e1·e as 
dean as I'Ould lw PX )Jeeted. 'l'ht .,lides \Ye n' ahnlys d e:\I\P11 11·i th 
bichromate of potash and nitri1· :\('id nnrl kPpt beforE> nse in nbsolute 
alcohol but owing- to th1• llt iPYPnrwss ol' thr slides-thoug·h hig-h 
quality poli shed slidPs 1n•re ah\·ays used- thP hloo<1 wonlu Hot spread 
properly o11 ma11y of tlu•m , an(1 t·oJisei[UPntly tht• sm ears 11·e re too 
thit"k. S111!'ars ('ould , therPfon·. not alwa\'s 1H· pn•JJnrec1 qui('kly 11·ith 
t lw re><ult t hat till, fl o11 of blood from tlw nePillP had to lw undnly 
pro1 oug·t-d- a mattrr of co nsi dt•raLlt> i r11 ·onn·Hi Prwe ll'hen (lt-aling· 
\\'i th a restin· nni1nal. Apart frorn the loss of hloud , t he IJird soo n 
become,; unet\S.Y and the neetlle is ei tlwr di ~lodg-etl or the hi uod-f\oll' 
c·Pase::. n]](1 1he needl<> ha s t o lw l'f'insertecl. 

Thin smears from ostri f'i1 t>,.; ran be easil.\· prep:ued uncler field 
<·<>lu1itions l,y th e slide met hod tle~l'rihed hy Ne,.;ei (ln'!:{), slitrhtly 
mo1lifi<'cl :1s indi('ated lwloll'; 

r\ p latinum loop i ~ att:lt'hed b~· lll l':lll s of ~ealing--w:1x or other 
!i llitahle ndht-:-i,·e to the end of thP s lide used for spreading th" 
blood and one o[ tht> corn e r,.; of the nppo~ite en(l of the :<anw ,;lid!' 
i<> ent (lff. so tha t t lw leug'th of tlre spH·ading- edge it:: :rhout 1 -.j 
t"e ntim etr·P,.; . (Fig. '!.) 

FigUI'l' 2. 

The slide to which t he loop is affix ed is ht>ld 3t its edge::; "'ith t hP 
thumb a11d forefing-er and ahoul rnidll'a.v betw!:'en it s ends, nnJ a 
drop of blood i,.; then tak!·ll up with th e loop . .\fter thE' <hop h;r,.; 
heeu <leposi ted on to another sl idt> held in the left hand . th e ~li11P 
c:nr,Ying the platinum loop is simply tilt ed and with its n anow edge 
the blon<1 is ,;preacl in the I'IIStomary 11H11llH'l' of pushing the spreade r 
towards the other end o£ the under slid e. 
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The process of first putting· the loop down and taking up the 
slide for spreading the blood is thus eliminated and the smear is, 
t herefore, prepar~>d more quickly. In making· smears from ostrich 
hloocl in which not. only the t hrom hocytes hut also t he leutot~yte;; 
dump Yery soon after the blootl i s drawn , a ch' lay of some seeomlt:i irt 
spreading the blood mn y vitiate the making of a slllP:u· satisfat:tory 
l"m differential eounts. 

U;\' IIBing a lWITO\\"el Spr eader the blood is j)l"e\·enteO from 
~p reading OYf>l' thP long· edge« of th<' under shde an<l thus len<·o<·.vte 
eoun ts c-an be sat isfad orily made Yf>rt ieally across the smear, a s 
the edgeF of tl1 e smear <·:Jn be inc·luded in tlH' fields examiner!. 'l'h t­
sir.e of the loop u~ed for taking up thE' hloo<l w:1s always sudr that 
thf' leng-th of the snwar was about 3·5 r·nr. wlwn the drop had heerr 
spread an<l as alreacl_,. i11<licat ed tlw hreadth was about l ·i"> em. 
Dispeusing- " ·ith t lw use (lf ihe loop b.\" taking up blood as it i~sues 
from the needle with the edge o£ tbP spreadf>r proYPd unsa tisfactory. 
for usually too much blood adherecl to the f>dg-P with t hr result that 
the ,;mf>a rs were too thick . 

.Jia ;\·-(:hune\l·ald an<l Uil'm,.,a stain (a~ usf'd h~· l>appenheim ) 
Uiemsa· ,.,, Lei,;lmwu's, .Jc·nupr's and vVright 's stain were all tried 
a!' rec·omtllPillled in text hooks nnrl by indiYidunl workers. '¥rig-ht', 
stnin wM finally adoptf>cl. 

~taining- with " 7rig-ht 's stain ent;~i ls littl f> \\·ork and th e sll!ear 
is usualh· ready for examination within ten lllinutes . This slai n 
ga,·e as ~oo<l at.td uniform result s as a ny of the other;;, ancl piOYe<l 
more sa tisfac·(ory than sonw of th em for the puqJOse of clifteren t iating­
hehYf>en t he lymp hoeytf't-\ nnc1 the mono<·.des. 'J' he stain was preparecl 
a t-\ presnil:ed by Cadetotl (l92fi) ancl used as rPt'O illntetH1ecl by ~licl t:>l' 
n11d D ownf'.\" (192!:>). 

In properly stained smear,; lite cytoplasm of the t·ed <.:ell s is <1 

fawn colour and somdinw,; fine ar.t:r·ophil granules <·an be spcn in 
I hP tnonoeytes. \\Tith some sa mples of ::~lain tire d ilutecl stain Jl eed 
onl\· I><' left on the sml'ar for i) minutl'S " ·hPi f'as 'Y it h others 10 
mii1utes or more are ll<'<"etisary. Experi f' rH·e is the heRt g-uiclf' as to 
ho"· long to stain and to \\·ash. 

P<'pJlPI" and Farle~· ( l!J~n) sbh•: "' ']'he ,Jifficult;\· with til(' I h.\·lpnP 
a:~.ur-eosin stain s is to ohtain th e JHOJlf>l" halanl·f' of eosin ancl basic 
~ t ain. .J[udc1y hlne preparations <tr 'f> the result of too mn ("ll alkali 
iP the slain. To kPf'j) the s tain a t just 1 he pnper rf>adion '" 
d i ffi ('ll 1 t. " 

For clilutin~· -n' right',; st ain )fr·. l unkin (HJ:l()) usc•,;, in:-; tl'<l<l of 
di:,ti llP<l \\·ater, a hufll'r solu tion made l"rolll n1ouopotassiulll 
phosph:de :mcl clihas i<" sodium p hospha te. 'J'his solution has :t Pn 
of 6·4 nnd will absorb t'Xles,; alkali "·ithout l" h:tnve in tlw n ';wtion 
of the solution. 

The best results \\"<:'!"<' usunlh· obtained when 'Vrig-ht' s stni n 
was ll ~f' cl immediately nftf'l" the sn~ears \\·ere pt"E'(Htrerl. 
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UELL :~b~ASUREMl-~~TS. 

The cell were measured ''"ith a Leitz ocular mir·romekr thai had 
been earefully calibrated, anll their measurements are gin•n under 
" )Iorphology o£ the Blood ". Ponder (1024) states that this m el hod 
lws hee11 used with Yariations for the last seYenty years and lhal 
nearlY all tables of the nwr:q.~·e size~ of enthrocytps r·onlain Yalues 
determined in this was. Ift' considers that at times resul ts so 
ohtainerl may haw ntta~hecl errors amounting- to 10 pPr C<'td. and he 
rPmarks a,; follmn;: " WhPJJ n bod\' so :>.Ill all as the re<l cell i;, 
Px:uuinPd under the minoscopt- owing. to thE' fad that thNe is a limit 
of resolution lo eYen the most per-fed optieal system tbe edge of the 
bod~· is not sef'n rlis t inctl.v hul a;, a blurred bn 11 d, the truf' edge bei11 g 
locaterl somPII·herP in this " spurious disc " its position dependinl! 
on the refracliYe indices ot cell and surrouncling- fiuid respective!~·. 
HoweYer carefull.\· the s_\·stem is adju.~tc<l a hluned band of at least 
0 · 25,uwill repl:we the rell edge and if no spf'cial preen utions are 
taken ihe hand Jna_,- be as wide as O·..t-11." 

There wen' no faciliti e:; for applying the photographic· tllt'ihod 
dE>scrihed by l'onrle r ( 1934) ancl this author ._tntes in his 11·ork (dat<'d 
HJ24) t hat Pyper's (1919) diffraction melhorl ra11not hE' applied to 
:n·ian n•d <·Pil:< hecnuRe of 1heir onll shape. 

}[oRPliOLOGY OF OsTJti<'H ]~Loon. 

'!'he <·Plls iu the hlood of the o,;hieh dose!:-; n·semble the 
eorr esponrtiHg typrs ->f ;·plls in tlH• blood of the fowl, aud t lw.v may 
be best c·onsidrrerl h~· fir:;( reYilc'll·ing the litern ture on the n1 orphology 
o [ fow I bloor1. 

}[o,;t in1·rsiigalors :n e agreed thni thP following typ E's qf <'t'll~ 
are present in the normal blood of the fo1Yl; red cells, thromhoc.des 
and fin• Yarietips of whilE' r·ells, Yiz., 1.\·mphorytPs, mollOCyteil. r·Plls 
with pol~·morphus nuclei and spindle-shaped acidophil granules in 
thf'ir l':doplasm. r· f'lls with polymorphou~ nuclei an<l rounrl aridophil 
g-ranules in tht·ir cytoplasm, aud basophiles. 

Ui hbs (1 !):{4) rf'fers lo a " pol:nnorphouudear leucoc.Yte 11·ilhou t 
rocls ;u1d gT<lnules" as also being present in 11ormal fowl blood in 
a(hlit ion to the abow-mf'ntioned types of cellH. whilE' severn! IHJrkers 
saw no nwnoe,v tes. and the findings of those who do record the 
pre,.-l'nce of utonm·yles differ cousidNah l~·. Thus, to fJUOte only some 
of tlH• \Yorkf'r.~ li!'tPrl in Table (2) : -

\Yarthin (1907), Hedfeld (1!Jll), Bmr·hanlt (191:!) anrl 
Kkineherger and ('nrl (1912) foun<l no Jnonorytes in fowl blood. 
According to Wirth (1901) , fiteen (1!)1:1) is of opinion tbal the~· rlo 
orc·ur, but only seldom, Salon10n (l!H9) re<·onls l to 2 per eent., 
lribch ( 1!):!0 ) 2 per cent. ancl Ronwr (1921) 1·4 p Pr cPnL 'Wirth 
(JO:~l) t·rcord s 2 per cent. 011 the other han <l. l·:liPrlltaJJ and Bang 
(1908) countt-rl z:~ per r·PJd., Scbmei;;ser (JOE>) 19 ·4 per tellt., 
]h~useh (1H:28) 9·2 per <·ent., Forkner (1929) (using- su}n·a,·ital 
techllique) 11·1 per t·ent. aud Cook and D earstyne (1934) (usi ng 
~upraYital tec-lmique) 4 lo ~0 per cent. 
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These discn•pancies sen·e to empha si~e the rlifficulty of 
differentiating between lymphocytes and monocytes in ordinar~r 
stained prepnrations of fowl blood; in ostrich blood it is as difficult. 

'l'l1e1·e can he no dispute ::~bout the presenrr of the elements 
whic-h Ru!!ivnma ( 110 da te) :wrl others consi cl<:>r to he thromboC'des. 
but Blal.n ' (1928) states that h e identifircl no structure 
corresponding to the platelets of mammals and ht> does not menti on 
the thromhocytes. 

H aematologiea l terminology also giYes rise to some confusion, 
entirely diil'eren t cytolog-ica l en f if ies heiug c·allPrl h~· the same name. 
or the same e;y1ological en tity by a nu·iety of term~ . Esprriall y 
i'! this true of tlu• cells with the ~mindle-shaped ae i1lophil g-ranule;; 
and those with the ronnel aridophil granules, a s will be observed 
fro111 ~Iagath ' :; (1904) t able giYen below. 

PolJ;morpliOmiClear T.euJ,ocytes in B irrls. 

,\ut hor. 

Bizzozer·o rtnd 'l'or·rc 

Grunbcr·g . . . . ..... : 

Cullen ...... . .... . . 

W11rthin ....... . .. . 

Goodall ..... 

Kleincberger and 
Carl 

~chm<' isscr ........ . 

Rumett ........... . 

Fritsch .. . .. .... .. . 

H ayden . .... .... . . . 

Bla in ............. . 

Forkner ... ..... .. . 

Thompsen arHl 
E ngelbrcthholm 

Mnxirnow and * 
13loorn 

\\' irth* ...... ..... . 

I Date. I Eosinophili<' rods. Eosinophilic granules. 

" Lit tlP 1880 

I 
JiJosinophilic leu!.·ocyles. 

spindleshap<'d I Or·anulflr' for·m•. 

I 
J.;o.>inophilic leukocyte.Y. 

bodirs " 

1901 Crystalloid ..... ...... .... I Globular-like gran ule~. 

Eosinophilic leukoryte.v. 
!!)0:! 

1907 

c .. _,·sta lloid .......... ... .. I Granula r forms. 

Polymorphonnr/ertr Posinophils. 
Cr.vstalloid type. ..... . . . . Granular type. 

I ()10 Polyrnor·phornwlear leu co· Eosinophil. 

]()I:? 

l !l](i 

1!)17 

cytc with rods 

P seudo-eosinophil. ....... . 

I 

F:osinophil (with srnall 
granules) 

l'olymor pl•on urlenrs. 
Eosinophilic rods ... .... .. I E Minophilic granules. 

I 
•· Poly morphs " .... ... . ... I " l~osins. " 

I 
1920 Pscmlo-cosinophils... .... . Eosinophil~. 

1927 Pol.vmor·phonudoa~a .... ... l•:oHinophils . 

Polymo>plum uclwrs. 
l fJ28 Eosinophilic rod~ ......... I !•:o~inophilic granules. 

1029 Eosinophils ............. ·I l'seudo-cosinophils. 

Polymorphnnucleura. 
lfJ31 

1()31 

Pseudo-cosinophils ........ I Ensinophils. 

l{etcrophil. ...... ... ... .. \ !~osinophil. 

1934 P seudo-cosinophiles . .. .... I F:0sinoplrile.•. 
I 

* Investigators listed by t he writer. 
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Burnett (1917) ('Ollsiders that the rtalllP · · ]"'lymorphoHtwle:u 
leucotyte with eosinophilie rods" is iuexcusuhle. A ' · polymorpho­
nuelenr letwoeyte" in hi s opinion signifies not mt>rel_,. a letH·ocyie 
\lith a polymorphous Jltl(:lrus but the spec-ific nalll e of a certain 
kind of leu<·ocyte, otlren1·ise <·nlled " n eutrophil " . 

~Iuximow and Hloonr (L9TI ) aJoptl:'cl !lrl:' ten11 .. hdt•roplril ., _ 
til'st used by K_res, ns a comprehPols iY!' I!•Yru to indut;e the group of 
<·e lls \\·hose granules. though <·onst ant in a particular sp<'e ies. differ 
in form , s ize and st;rining 1·eaetimr a<·conling to :;pecies. l-l en<·e the 
<·ell with the spindle-shnpt>d granules was namNI " heterophil " . and 
in :n·ian haf'matolog-y ill\·estig-a\ors haYe apparent)_,. applied this lf' nll 
onl.Y to that pnrtieular ce ll. 

ThP ll <!llles · · heterophile · · and ' · ensiuoph ile ·' t or t he cells 
with 1he S]Jindle-::; haped g-ranules and for t ho:<e \\·ith thP roun <l 
gnmuleR respec·ti,·ely appetll' to lllE' writer the most uppropriai P und 
they will be so u:<ed heJH·rfod h. 

J rr smeari' 
\Vrig bt 's st llin 
e:h aracter;-;: 

prepared f rom 
th e cell o an-' 

ostri ch blood 
diH'en-'u tiale<l 

Erythrocyii'S. 

nnd 
hy 

;;lainNI "ith 
the f ollowing 

Speei:d mtere~t atl:1ch<•s tn t he er-.\·t h rocyiP:< of the o,.; tri.ch, for 
in :-mears uf the blood of !lormal hinl,.: I hes!' cells may ::;outelimes lw 
seen in Y:uiou ~ stag-p,. of den-'loplrlPtil. In litis ~h11l _,. <leta ilec1 
<lesniprions 11·ill lw g-i.Y!'ll only of the nrnlnn• (·ells. tlw u •ll s "·hich 
are ;tbHo;;t matun, (pol :n·hr-omP er.dluo<·.des) nrHl t hose d osest to t he 
s teno <·ell or haellt o<·.dobb,;i l h:r,;ophil Prythrohla~ts-Ferrai a ci t r<l 
h~- 1•\n·l h HJ;{ 1) . 

.1 /o/ lltc (' tyfh ruf"_IJ/Ps .- ( Fig-. l 011 platP.) Th Ps<· r·ell:< Y:n~· in 
shape hom E'llipii(·nl to almost <·in·ular. thP ~·otiJig'Pr form s tending 
to lw round, hut in smears man.\· in·pgu lnr s hap<>s rna .\· o<·<·u r owing 
to prei'"ure. Oc·ca s i onall~- a cell lllii.Y lw s~·en wi t hou t :r nudeuR. 
The ry toplnsm is honrogf'nPOUR :mel a,; st ated UJHlrr ·· St aining of 
Smears '' ~~- lt,• rr <·or-redly stain''<l with \Vrig-ht's slai n it is a fawn 
<·ol our. 

The nucleus wlrich is usually ontl is nn e:x trer11ely puchyc hro­
mat ic :uul tra t·h.n·hromati c type. The ha,.:iehromalin is arranged to 
fonn a roar~!' pattern in angulnr or roughly ronnded hlot<·lrps whieh 
frequent!~· <·ause irrPg-ul:u Plt--v:rtion ,; of the lllrl'l P: Ir mern h rant> ancl 
hefl,·re n whirh the oxychromatin forrns a lig-h1Pr nr e,.:lnYork. \ 'ery 
oceasionalh· a matur·e <'f'll may he SPell 1vitlr two nudei or on e in 
whi(·lt tl1e 'long- axis of ilw n~rdPus i,; sihiated lrall.~,·e r:-;ely to t he 
long axis of the 1·ell. Th e nucl eus may also l:e ~nwll and Jl.'·pnoti<· . 

'l'wo hnndre<l reg ularly shap<•d and fully <lP,·rlopPd \'t->11, \\·Pr t> 
11 1ea:;ure<l at raudom in dried, ,;(llinPd snre:r1·,; and the lPII).rth varied 
hom ll · .)u to 1 !)·!)~1-' an d t he hrPadth front 7·0t-lu to !)·7:11-' , llw 
aYerag·e iPHg·th !wing- 10·flRt• an<l t he breadth 7·9~t' . Th f' measure­
ment,- of tht> nu elei 11·erf' :l~< follo11·s ; LPng-t h l·Oit•- 7 ·!JGu, aYel':lge 
lPngth (j. 30p , hrPadt h ] ·Til<- 2 · 6f>p., :tYerflg'f' hrea<ltlr 2 ·1 !)/-( . 
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In practically eYery sme:H there may be seen roundish sirudm·e~ 
~·hich are light purple in colour and irregular in outline. 'l'hey 
are of loose structure and nwasure a uuut Sl' in diameter. These a re 
iuj m ·e1l n nclei of ruptured erythroeytes (sm udgcs). ~\ometi m es part 
of the eytoplasmi<" rim enclosing- a .Jertain ar1wunt cJf cytopla sm 
si.milarl_,. ,;hlined to th e cytoplasm of the npe er.dbrueyte way st ill 
he seen p:ntly .-mrrou nd illg the body. These :;truc-l ure;; OITllr n o 
matter i r: n-lwt wa.Y or bow carefully smears are jJr~->pared. 

h1 moi st preparations the erythro('ytes of the oslri•·h han· a huH" 
yellow eolour and the nuclei appear indi stinc-t against the colour 
oi tlw haemoglobin. 'l'h e nudear structure is almost inYisi hle but 
in a eell " ·ith little h aemoglobin thl' oval shape and the elumps of 
chromatin of the nucleus can be seen . Cell s with little havmoglobin 
cannot ahY::t,Y'l be easily rec-ognised in th e eounting chamber nn1l they 
may lw mi>:taken for free nuclei, thronaboc.des or eYen sma ll lympho­
eytes . Only b_,. c·lose obserYation and suitable mauiiJtdat ion of the 
coHdenser <•an the faint cell membrane lw <l isl'e rn e<l . 

X eser (lH:l:3) s tates with reference to equine eryth rocytes: 
·· Tn :;m e:H6, h owever, tht> cells nre more or less stretc hPd out a n d t he 
measurements are in <"onsequence larger than t hose obtained i n ltloist 
prepamtions ··. but l>onder (1934) n•mark t>, "Althongh the poin t 
has b een th e sn h.i<'d of 1·onsiclerable conh·over.~y ill the pa~l l think 
it· ean fa irh be sai<l that it is now establiRh ed t hat thf' n ·d cell 
diam eter i,; from 8-10 per eer;L less ,,·h en th e ce ll i'l <lr"HJrl t h an when 
il i s floating in plasma or serum ". The ''Titer also made mea:sure­
nwnts o£ ostrid1 red rell,; bathed in plnsmn, !be fu llmYi ng: procerlur e 
be ing follo\Yed: Fresh heparini;;e<l bl.ood was clilutPd a hund rt>d time,; 
" ·ith its O\Yil plasma. The diluted blood ,,·as then introdu .. etl into a 
t·e1l cell eounting c hamlw r and th e prPpa ration ringed \\"it"h l"a ,;eline . 
T h uo; th e <·ells \\"f' l'e not sn hjede<l to an.\· pressu1 t> a n rl the p reparation 
remai ned suitahll' f,n· a long ti.nw. T"·o hundred c·pl );: \\" en• 
m ea>:nrf'd nnd t he Llimeusiou s \rere as follows : L ength ] i'))'-16· 0!•, 
:1Yerape leng-tb Vi· '2!1i•, breadth 7·7!JI•- ] 0·25l', tn·erag-e breadt·h !.l·'.!.5i•. 
From Table 1 it will be seen that th ese measu rements appr ox im a te 
<·losely th e :fig·ure,; gi,·pn h.\· GullivPr aJJd by Hnyem. 

Pol:r;rhrome E'rytlu·M·y tes .-(Fig·. 2 on plate.) 'l'l1e <·Plls 
approaehing maturit~- l'I"Semblt- ciusely in ,.; hape an1l sizP the fully 
d e,·elopell cell. The cyto pla sm ;;lwws only sligltl poly .. h roma ,~ia , 
stain ing a lig-ht gTP_,. colou1·. Th e nudf' i arP larg1•r and r1tor e oYal 
than thof<e o£ the maht rf' relit; ar11l they sh ow larg-e angular <·lnlllj)S 
of C'hr omatin " ·hi .. h s t:.1n a slig- htly paler f·olonr l h a u lhP nudP: \1' 
chroma t in of 1he ri]w l"ell. 

/Josophil h'rythmh/osts ( Fig.;{ on vla tf'). 1'he,·p 1·f' lls are us twJly 
a hu nst t'OUrHl hut lll:t\" lw Pval and th f' \" Yill'\" 1·o nsidernbh· in , ize. 
1'hf' lan.rer fo rm s nst~all\' measure abo;tt l i ·4i• in di.am e.tl'r. The 
cyto plas-m .i s ,-el")" basopl~ilic anll t he cy loplasmic layer a round t he 
nndPus is n;aJTO\H'J· th;Jtl llaa t of the polyc hrom e t>ryt ln·oc·.dP. Thf' !"(' 
may ~omet imes be ,;een in the (:_doplnsm g-mn ules which np pt>nr in 
~ tninin g· r eact ion and size Yery s imilar to t h e azurophil grannies of 
lymplwc·~·tes . Tlw Htt c·l<"i ure a~ :t rule e ircnlar and larg-e and th oHg- h 
lhP c- hromatin partir I P~ \Yhil'l1 stain a <Lnk purpl f' Polour n1 a~· lw 
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d E' JH;er than in the uwre nwture 1·ells n•t thE' te udl'H<'\' towanl a 
ch eekerhoarcl dititrihution o f an!jular "parhdes of chromutin lS 
apparent. 

Between tht> pol.nhrome erythro1·.\"tes and thP basophil er.vtbro­
blasts JtHI.'. he seen ,·arious intennE-diate forms Y:nying· in sha}Je, :;ille 
and staining I'E'<H·tion. Some may be round and others o\•td. Hound 
forms lllPasuring onl.\· 7·9.u also orC'ur. Immature forms are Yery 
oceasionally :lf'f'll in a statp of mitosis and the eytopla,;lll of ~m·lt 
c-e ll s is usu:1ll y lrs::; h:twphilic than that of haso]Jhil e1·.d hroblasts. 
(l •'ig. 4 011 plate.) 

RE-til'ulation can be f:wonrahh s tudied i11 the immature eeJls 
by staining them h~· the method us~d by )iagath and Higgins (}9;3-t). 
The retieulatioHs arr he:n·y and look like a network in the Yer~· you11g 
cells, " ·h<•rf'as in the older e<•lls only n few ;;trnutls or dots are to h'=l 
se\-'n. 

'l'he J>••rcentage nf imma turc red eelh wh ic ·h C'an be rP<·ogn i Ren 
iu smears stai ned with Uomriii O\\·,;In· staiJLs wn,.; ch•tennined bY 
rm.nting, ,,·ith che use of ar, Ehrlieh' eyPpiec·P. ·4-00 red rl-'lls. 'l'h.r 
r esults are shown in 'l'nbles :1-10 :111cl n stnti~ticnl nnalysis of tlwm is 
giwn in Table 11. · 

'l'lw data \Yrre Jrutl~·sC'll st atistieall.\· hy the lollo11·ing 
for·m ul:w :-

((/,) Standard deviation ( a) . .. ... ... . . . 

(b) Standard error ...... , ............. . 

(c) Coefficient of vanability. . . . . . . . . . . . """' 

I; d2 = Sum of th~ difierencrs squared. 

n = Number of obs~rvations. 

M = l\I!'an. 

JE(/2 

n-1 

a 

y~-;;-

a 100 ---
M 

In the smears hom tlw normal oshichP;; (1-5) these cells 
constit ut ed 2·5±0·1 per !'ent. (Rtn ndanl rleviation l·l; CoPfficient 
of Yariability 47·.2 per 1'e11t.) of the red cPll s, ranging f rom 0 per c·ent. 
to 7 . 0 per cen t. It will he seen that the l'e .~ults from birds 6-n 
dosel~· ug-ree with those from the normal bird s, hut it is note"·ort hy 
thal only one immnture erythroeyt r \Yas spe n in the smea r s from the 
worm-infested birds 18-.22. 

Thr u~rmlwr of basophil e rythroblast:; pPr <'.mm. \\·as estimatecl 
by determining from t he smear the ratio between these and thr 
leucocytes and applying this ratio to the total l eucoeyte count. 'fhe 
ralio wa s computed from the Jnnnher ,of basophil erytb roblasts 
enumerated each t ime ?00 l rucocyter> ,,·ere l'(l\Jnted. 
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THE IILOOll 01~ THE OSTnl CH. 

The number of etT! hroblasts ob~eJ.Ted in snlt'<Hil per ~00 
leu('o~.:ytes counted Y:ny' for the normal ostriches from 0 to Gl 
aYeragin!.(' 2·(), and thP !'<lltttlated total counts, whit·h are listecl in 
Tables :i-10, range from 0 to 628:~, a,·ernging 26-l JlE'l' 1·.mm. These 
1 ells constitute from 0 to 0·33 per f'ent. of the erytbroeytes, 
:l\·er-rtging O · tn;~ per cent. 

The maximum ('Ollllt of m.>H:~ is eXtt•ptionally higb, l'OllsitleriHg 
that it is oYer three tinws as high a~:~ the count u earest to it. ft 
is not clear why hircl -:\ o. 5 showed stwh a high count on 2-1- f 11 , :iii 
a~ no cause for nnusual ('1',\'l hroe_yte regeneratio11 was e,· itlent. 1'1H' 
bird alwaH sl:'emed he:.~llh\· and only i) e.r. of blootl wt•re <lra·wn fron1 
it about i~Yo months pre,· i;Jil~l.\'. I!'o\\·eyer, the eounb; from this hinl 
during the period :2Hn) f:Hi-4/ '2 / 31, are suggestin· of unus ual 
erythropoiPsis. 

'l'he blood of ostriehes Xos . 7- 17 l'Ontained c·ompnratiYel~· ft:'\\' 
basophil erythroblasts. 

Throm{J()I'.I}/es. (FigmP 5 on PlatE'.) 

The,.;e cells, whirh in hml blood haYe been named hematoblasts 
hy Hayem (1879) and b~· Goodall (1910), are usunll.v O'l"al, nucleated 
and Yen· uneYenl'l" distributed on the slide. They uerur in pairs or 
groups of three tir IHO!'E' , but are often seen singly. They m easUI't:' 
u sually nhout 8·81' in leugth nud f'>·:)l< in breadth. Occasiomdly 
a thromhocy1E' almost twic·e the normal size may 1w seen . 

The nudf'us is oYal and usually OC(:upies about three-quarte rs 
of the leugth and nearl~' the entire "·idth cf the ('elL [t. is usuall~· 
situated in the 1·entral paJt of tlw cell and is Yery hasophi]i(' , tht> 
basi<'hromatiH being arranged to form a eoarse patlenL 

The cytopln .. <m sh1in s n pale g-rey and ordinarily there JllaY l1e 
un r or more acidophil granules. These nre usuaU.,· JlP:U the polPs of 
the nucleus . 'l'he cytoplnsmir rim i,; uot ahYays \\·ell marked. In 
films not prepa1ed immediately afte1 the YC:'sel has been puudured 
the tluombo('\'tes c·an lw seen in mnssl's in whieb it is difii cult to 
clis tinguish n;e outline of incliYidual l'ell::;. Doth the rytoplasm and 
the nndeus hec·ome less di stinct, the c·.doplasm losing its strndurP 
first. Final!,,· lht• rt>lls appear merely as a mass of darkly s tained 
rouJulish l10dies. \Vhen thromboeYtes haYe become thus transformed 
the~· may bt· misbken by sll•all \rmphocytes but the c·ells enn be 
clifterentiated b.,. thE' following fE'atures: 'l'IH' outline of the 
l,nnphocyte, which is ns uall~' COJnpletE>ly circular. is well markPd, 
whereas that of the thromho('yte is wry irr~>gnlar and usually the 
eytoplasm of the lympho('ytes does not appear to SIIJTOUIHl the m1clcus 
c·nmpll'tely. 

In the eounting cham ber tlu- thrnmhor·ytes when staiu ed \l'ith 
\:Visemn n 's ;;olution, ahout "hich particular;; art• gi,·en n•uler 
.. L e urot.de Connts '', look mottle1l all <l the Ted grunult>s in tllf' 
t·ytopla sm rnn u,.;ually lw Sl:'en. ~o attE'mpt, howe,·er, was made to 
count t lw thromhorytes in the counting chamber. for it was felt that 
the nitHia hY \Yhich these t•ells n~a,· he di scriminated from free 
ll udei and slllalJ lymphoc·~·tes <He not IJl'Ollli nell t enough to maks 
acrnrate eounting possihle. 
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/,ymplwcyl es. (l•'ig;;. (j <11Hl 7 on plate.) 

'l'hese cell,; are spherical and nuy in sille from 5·3JJ- to 1-1-·l JJ- . 
They ma_v bt> arhitraril~· classr d as small , intermediate aiHl larg·e 
lymphuc·yte~. though the c-ells apparen tly do not hrlong to ~eparale 
famil ie, but to one sPties. Thi s " ·as the conclusion aniYed at b, 
~lag-ath and Ilig~·ins (19;34) \Yho, in order to test the Yaliclity of tl{e 
tlwor.Y thai thPJ'e are das~P.-i of ly mphocytes based on size. measured 
the dinmetf'rs of 100 l,nnphol'ylt>s from eat'h uf eight dul'b, ;111d 
plotted l· m·n•~;. 

In thP smallt>r f'ells the nnc·leus is ustwll_,. round, but it ma,\· bt> 
oYal or slightly indt>nt t>cl nnd it may be sit uated centrally 01· 

t>c·rt>nb-i<"alh·. It usualh· consist" of h eayy blotehes of c· IHoma lin bul 
sometintes 'its strudurP' i;; almoRt hom~>geneous. The nur·leus i,.; 
,.;tai nt-<! purplP. It oec·npies by far the grPater part of the cell and iu 
the sma lle,;t c·ellR the cytoplasnt is scan·ely scea. The cytopl!lsm is 
pale blue and usually tahs the stain better at the periphery thou 
to"·ards the nudeus, with the re~ult that there i ~> a ilort of " halo'' 
near the n m·leus. 'l'he cytoplasm form s only a Yery narrow layer 
:nul Uhtw lly does JJot appPar to surround I he nu c: leus completely. A 
Yarying- n nm her of :uurophil granules someiimes occ:ur in t hf' 
c·ytopla,m ancl occasionally lingulate proces;;es extend from the 
eytoplasmic rim. As ahead;y stoted it may be Yery diffi<·ult to 
diJTPrentiatP beh,·Pen n·r~· small l;nnphorytes s ho"·.ing· wr~· li tt lP 
Ol no t·.\'loplasm and thromhocytes 'Yhich haYe lost their usual 
strndlll'P. 

I n the larg·er cells the proportion of cytopla,.;Jll to nuclPus is 
mttc-lt g-reatPr than in the smflll eells and the cytoplasmic colour 
varie,; from a palP hhw to a d.i~tind blu e. Ot her"·ise the cells are 
identic·al with the :'\mall forms. The large rPlls often have inPg-tdar 
sh ape;; in sl•Jear,.; on ac·t'ount of being wedgf'd in between the 
er:\i hrtH',\' lf'i'\. ') 

.lloJ,Or.IJfPs. (.Figs. 8 and 9 on plate.) 

'l'hP cells, which may be considm·c1l homolog-ous with t he 
ntam mal ian rnonol'yte ~. ,.n 1'.\' in form from round to slightly O\'al 
and mP:ISUJ'P from 8·81~ lo 12·4,u in !linnwtf'r hut in tl1P oval fnnns the 
long axis may measn rf' up to 21 ·21• . 

'l'he n udeu,; ,.;ho\\'s n loosely woYen c·h rom a tin network. the 
('hrom:din lwing- fint>l.'· tliYidecl. <md it is usually st.ained a pa ler 
purple than t.ht> nudt>us of t he lymphoc-yte. II may be ne::trl.Y ro11ntl , 
:;;lig·htly indeHte(l, kidnry-sh;qwcl or of in·pgular shape. The kicln~>,,·­
shapf'd nnrlf'i nre rarP , hn\\ ' f'Y!'J', and ::tl'l' usunll.\' SPPn only i11 t. ht> 
smallPr <·Pils. The uurif'll s n~nnlly oec·upi(>s ahout· half the ef'll in 
tlw lnrg't' l' form,, whPJI'a,; in tllf' small <'<'lis il Imt~' form lb!'!'f'­
QlWrtprs Ol' JllorP of 1he ct'll. lt is usually P<"!'e ntrie nucl Ui:lt::tlly lhe 
r·.dopla~ lll doe,; not appear lo surrC>tulll .il c;ompldely. 

( 1 ) Althoug h the blood fonn•n !:!; o rgans al'!' not being considered in th!' 
prcsl..'nt work yet it may Le m!'ntioned thnt no l~·mphatic g lands could be 
found in the ostrich. 
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'L'he cy1oplar>m ha~; :J greyish-blue ('Olour awl is more granular 
t-han that of lhe lympho<'~· te, lun·ing- t he ground-g-lass appearaorf' 
usually st>en in 1 he lllOJH>ey les of mau. Sometimes the c·yloplasm 
is dusted " ·it h innumerable minute azurophil g-ranules. Small 
lingula1e ruJJlltm; S<)metinws e.xtend from the rytoplusmie rim. 

'l'hese cell,; can be s tudied besl in thin sme::u.·s prepared very 
quiekl~· and immediately aHer the blood has lf'ft the wssel. 
IJtherwi ~;t> mnn y damagt>d form s may u~> seen. 

1/elerop/,i/ ('s. (Figs. 10 nnd 11 on plait>. ) 

'l'hese <·ells are sphl' rical and mens ure from S·~J1• to 17·il' in 
diallleter, hut like tht> large l.vmphoey1Ps they an· often il'J'eguLnly 
s haped throug-h bein~ wedged uehl·een th e erythrocytes . 'fhe 
Jtndeus whi ch stains a rell<lish ,·iolet is polymorphous with Yllrying· 
degree;, of lohulatiou. Sonwtinw~ t he Jtudt>ll' eOnf;ists of t \\'0 or 
tlure iobes l'OIIllf'<'iNl Pi! heJ h,· a thin .>r a thic·k s1rand nf chromatin 
;nul usuallY the lohe:s :nc mon' or less o1·nl. In onlinaiT ~tainrd 
preparatiOJ; s 1lw lobes nHt~· Kom etimet; appea r In lH' quite ,;part , bu t 
when smears ''rP staineu ,,·itb the ·· Analin e-\\·ateJ' thio n in solulion " 
ac rt>eommeJ11letl by l'eppl?r and Farl~>y (19;3=3) thl· eonneetio n, whi c·h 
i:- som etim es onl~· a \'f'l',Y fin e thread of <·luo matin, ('an he easily seen. 

1'he <·.doplasm ll'lu ch i;; colour!<'~:- i ~ fille<l wi1h brp:e spindl<' 
a llil rotl-sha ped granules \\·h ieh mrasu re ;tllou 1 1 · 'j:)t• in lengt h a1Hl 
stain a dull red. In the young ce ll ~ lhP gTa nule" a re roundish. On 
a l'ew occa~ions peeuliar ~ 1 aining- efted~ werr obsern:-d. Tlw granules 
of practicallr all t lw hett' rophiles heC'amt> trausforme1l int o ~mall 
round granul es, ;) S seen in figure 1~ on thl' plat .;>, whereas the 
granules of tlw eo,.; inophilt>s looked ihe ~ame a-; usual. ln othel' 
smertrs prepare(] at th(' snme time from the same hir(l , the granules 
wr re as onlinaril.'· seen. }[any of !hr heterophili<' granules \\'f'l'e 
al,;o roundish wh en Yital s taining \\· a ~ earriPd out either by 1he 
methorl described by Kolmt>r and lloernPr (HrH) or h,,. that used by 
lLtgath a nd Higp:i n,.; ( 19~4) for llw purpost> o f llemonstra.ting 
r~>t i('ulorytes. 

Olson ( l!);j"j) apparen1l.v obserwll s imilar res ult s for in referring 
I<• the helerophilie granulPs of the fowl h e I'enwrks : " Frequently 
in routinely stained srnf'ars these cytoplasmic bodies al'P distort Nl and 
th ~>~· may then be Yariahle in shape ". 

TheRP ph~?nomena arP nf espec·ial interest, for Lundqui st nnd 
Hedlund (192G) expres~ the opinio11 that the h etProphilic grm1ules 
o1' tbP fowl nre uaturnll,v rouml. <)Jdy he<·oming spin<lle-shaped a s 
the result of fixation a nd ,.;taining. .\ er·orcling to these writers the 
lu>terophile;; and tlw r·ells with I hP rounrl ar·idophil g-m nules 
(eosinopl1iles) are identieal- tbe eoRi nopl1iles h<>ing· t]Je forms in 
ll'hirh t lw granules rdain 1hei1· roun <l shape. 

)~Jli'l'lll;lll (1921) <'Oll~iclPl'S the (\1'0 ('Pll i ypf'S cJi ~ t i J td front Pa ('h 
other a s lhP heterophil es do not read to Graham' ~ oxidase lest , 
ll'lwrea ~< th f' eosinophiles clo. 'l' he \l'l'ill'l' ean confirm thi s obserYation 
h\' Ellerman and has asC'er tninetl t hat in the blood of the fowl and 
ti1e ostrich tht- eosinophile;; are the on l;\· l'Plls thnt arP stainecl by 
Graham's he n11i cline stain. 
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. 1 aekson (1936) in diseuss ing myl:'loid leu('o:,;i;; and myelocytoma s 
of towls s tates that it seem::; u"nalh· to be assumed that the 
m yelocytes prese nt are t he neoplastie <·o~n tt>rpa rts of true eosinophile 
m yelocytes because their granule:, are rounded, but t hat they are the 
precnr~ors of the heterophiles for " ·hirh he uses tbe nanH' 
·· pseudoeosinophiles ". H e furtht>r rema r ks: ··The <'on f usion 
:nises he<·ause of th e fnilu re to reali:'>e tha t in the earlier mYelocYtic· 
st ag<•s the pseudoeusinophili<' grauulPs are rounded, only i,e<·on;ing 
rod-shaped ns the cell matures . :Sueh rounded pseudot'osinip hilie 
granulations ran be di stinquished ht>c· au ,.;e the former (i) arf' conrscr 
(ii) som e of t llf'm are actuall y ba soph ili(' i n react ion , de,·elopi ng 
eosinophilia at a later stage, and (iii) because on close examination 
a lendenf·y l' an often already he seen to a , light elongation of the 
granules . :For those "-ho haYe diHiculty with t his conception it i~ 
essential to undertake a study of normal aYian red marrow, when thP 
aboYe features will readil~· be deterJllined ; it must he borne in mind , 
howeYer, that in the marrow true eosiuophilP myeloe~·te" for 
compaL·isoll are often d iffi<·ult to find <llld must be ::;ean.:hed for , .. 

Th e tran sformation of h ttelllo('ytoblasts into h eter ophilir nnd 
eosinophilic myeloc~·tes may be fannna hly studied in th e ostrich for 
in its r ed man ow ') hoth types of myelocytes are fmnHI without 
difficulty. 

A few heterophile m~·eloey tt' ll were once seen in a smea r IH'f'pared 
from the blood of a nonnnl ostri!'h-~o. 0. The cell.-> were round and 
meaemred about 1 i r• in <liamPtPr. Tlwy \\'!:'l'e ('ompletely filled with 
romHl ronrse granules, some of winch \\'ere basophilic- in r!:'aet im1. 
The nu<·lei were so obsC'Hl'I'U by the granules that the structure coul ,l 
not be judged. H owner, in thr manow i. t " ·ill be ohst' l'Yed lhnt 
the u nrlei of these m yelocyles are Pither round or o ,·al. They are 
e('C'f'nt ri c and stain IHHpl e. Th e aeidophilic g-ranules of the heter­
oph i le m yelocytes stain a dull red und neithe r th e al'idophilie nor t lle 
basophilic gra nult>~ of these eell " ~tain with Graham's bt>uzicline 
stain . 

F;osinophife.~. (Fig. t :$ on plate.) 

These eell,.: are abo rmuHI and measure from K · j ," l!t F1 i 1• . 
They a rc·. t h er!:'fore. of about th !:' .:;ame siz!:' as the he terophiles. 

The nudeus \\' h il'h stains a reddish ,·iolel m a.\- he a sin g le 
pol~·nhlrpho us ,.; t rudu l'l' or it 111ay <'Oll ,.ist of h\'(• lobes c-onnected h~· 
Pither a >ol!:'JHler or a th ic·k st ra ncl of c·hron.atin. Sonwtillli'S th!:' lobe, 
appear to be !:'n tirt>ly separate. Usua lly t he nudeus is bilobed. 'l' he 
cytoplasm whieh is ('Olourless eou tains d isert>te round g ranules "·hose 
size a nd staining are uniform. 'l'hey slain ~a lmon red in marketl 
!'on t ra st to the dull red :;olour of thP 1-;'L'Unules of the hel!:'ruphiles 
a.nd th i',\. are also much sma ll er thnn th r g r nnnlc;; of the h eterophile,;. 
'l 'h e~e g ranules :-;tain a gn•Puis h ~·0 l low "·ith Graham's benzirlim• 
stain. 

lJo-<OJihiles. (l<'il-! "· l4 tn tr, 011 plate.) 

The ha,(•philes measure fmm H · i-11• lo 10 · G1• in diameter. 'I' he 
eell lH1s a simple I'01mcl mH·leus wl1 ir·h !'!a im; purple a nd sho\\'S n 

(') ((I) The marrow examined was tnken l'rom t lw up(H'r extremity of the tibia. 
(/1) It was ohsE>n·ed that t he femur of t lw o5tr ic·h is de,·oid of marrow. 
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diffuse <.:lnomatiu arrangement. It is usually situated to one sicte 
of the eell and the cytoplas1n does not 1;ppear to ,;urrouncl it 
completely. The cyt-oplasm contains larg-e g-ranul~s which stain a 
\·er_,. <brk purple colour, :mel there is considerable vnriation in the 
degr~e of coneeutrution of tlte gramdes. Occasionally :-:ome of the~E­
Iltay be seen scattered over the nucleus. 'fht>se gnmuleR .1ppear lo he 
Jeauil;v dissolYed or 11·ashed nul in t he pro\"cs::; of slaini.ng-- for Yery 
often no gnmules 11·ill be seen- the ('ytoplasn-:. which slain,; a faini 
blue presenting a reticular appearan("e. However, gn111nles which 
are pre:sent in the r·ells after stainiug ha::; been completed <·annot 
Le renurved lw 11·as hing the smear~< in water. Hasophiles without 
granules c:m, • IJeYeJ·theless, he rec-ogni sed b.Y the round er·c-eutric 
nudei and the retieular appeanuwc of the cytoplasm. (l•'ig. 16 on 
plate.) The gTamlli' S of the haso]Jbile tlo not read to Graham's 
oxyda::;e test. 

t~:n;thror·yle Cmtnfs. 

'''i:scman ':s solution wa:s used as dilt: ' [ng fiuid for the eHLilllera­
tion of both the re1l cell~ aml the white u•lls. Further inforJII<ltiOH 
ahout tlw tet"hniqut> employed iu counting the red r·c>ll~ i" g·jypn 
under " L eucon·te Counts " '" lwre it tan he more 1·on Yen ien th· 
t"Oll siJ ered. · . 

)fagatb and Hig-g-ins (19M) state in tl1eir 11·od; on dud~ hlood­
" Counts of ervthrocvtes \\·ere made after the hlood hntl been diluted 
with lbyem',( solutio11 to 200. A photog-raphic mt>tl10rl uot ~' et 
reporterl was used ; its accuracy is extremely high ". 

These workers used vViseman's solution [IS Cl dilntinu; fluid in 
enUJJH'nding- the lencocytes, bui for the eryt hrocyte counts Hayem ',; 
solution was u:se1l because the l'Nl cclour of \Vi semnn ':s wlutio11 
interfered with lhe photogmphie proce"s of <.: Ounting-.' ) This 
photographil' nwtbocl has heen describe<] by nerkson, )[ugath and 
Hurn (]935). 

Elsdon-Dew ( l~:J:H) desnibes an electricnl HIJJ>aratus for the 
]Jerformance of blood counts and mentions seYeral ndYantages -n·hit"h 
this de,·ir-e ha,; ow1· the routine metho.l. 

Detailetl tlata pertaining to the e rythrocyte 1·oun(;; of tl\·enty-hYo 
oslrid1es are shown in 'l'ahlt>,; 3- 10, and in Table 12 a sta tistical 
analysis of the er~·thnw~·te counts is g·iyen. 

As stated on page 429 comd,; \\·e1·e made at inteiT~Ils hom each 
of the birds kept at }(aJ·ieudahl. <lad lhe Jlleau erythroeyh• count 
of all the tounts madt> dur.ing the period of nhout two ~-ears from thP 
fh·e normal binls (1-5) was 1,894,000 ± l4,W19 (RimH1ard deviation 
124,000; Coefficient of v:uiability G·G pt>l' l'ent.). The ntllg'e wa~ 
1,653,000 to 2,266,000. 'J.'l1e counts from bird Ko. 5 gave a compara­
tively high coefti(ieiJt of variability which, however, would have 
lwen ajJpreriabJ:,· less but for the ]0\v result sholl'n In· th1R bin! on 
2ljlj:1(i. 

It i< not apparent why t his result deviate,] so mw:h hom the 
others. 'l'he hinl appeared healthy. Its blood showet1 no evidefl(·e o f 

(
1

) ]'t>rsonal communication from Dr. T. B. Map:ath. 
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0. T. DE VILLllmS. 

haemoh·sis and the accurac\· of the result can bE:' 1·ouched for. It 
will be.seen that the red cell eounts wt>re not significantly affected by 
the age or the sex of the hirds. 

'i_'he results from bil'll Ko . G r1l~o show a low coefficient o£ 
\'ariabilit)- and the awrng-e eount of thi s bird does not differ mnrh 
from the mean :figure ohtnined for birds nnmbered ] to 5. 

The resuU s from the majority of the rlimr·ally healthy hi r<ls 
i - 1 i are low comp.ued wit It tho<oe from birds 1-5, and the differen C'e 
lwtwet, li tlw .-werage;; of the tii' O groups is stati s ttc·ally si~·nifiennt. 
A~; preYiousl:v :stated tl1e faP<·es of some of ll1ese bird s \\'ere examine1l 
an1l these 1·ontainerl 1nany 11·orm eg-gs. 'l'he lc"" counts ma.Y, 
therpfore, ht> possibly <' Cl!Telated with Yerminosi, as in the ca;-,e of 
tl1e worm-infested birds, l R-22, 11l1ich showed markl:'d oligoc)·themia. 

The figurt>s record<>rl h~· ~Ialasse?: ( liHZ), Hayem (1879, 188!)) 
and by Venzlatf (1!)11) ('l\ 1hle 1) diffe1· appreC"iabl~· from the avernge 
l'Psult sl1o1Y il by hirrls l to 0. B ut ti1P n•:-n1lts given b)· :Mnlasse:r. ancl 
1,_,. ILayPm dosp]_v approxim:de th<, 111 P:l n l'ount o htninPcl {or hil'ds 
7 to 17. 

Ks:nnoinaiion of Table 2 sh<n~s rlwt thP nvel'age counts repot'l ecl 
for the fowl are <·O Jl,;idernhl y h1g-her than th n"f' ohiai11ed for lhe 
""trich. Availahle re"ult~ for otlH'I' hi}'(ls :1lso gT<·at h · t>xceer1 thosp 
for iht-• ostrif·h. 

l~ EL.IT I \'E YoLC\11-: oF ('oRITSC'LES .\~n OF PL.\S~L\. 

An Pledric <'Pu trifng·e '"as u:-'ed for the purpos<' of prPcip itatinp: 
thl' red c·ells, mul the pn•l'ipitation tuhl•s (Zei::;s) wt-re 12 1·ms. long 
and ()·(j un. in diameteJ'. As thr c-entrifuge tuhe,; 11·r re muc-h wider 
than the prec-ipitation tuhrs, the lntter were fittrd wrticall:v i nto 
the centrifuge tubes in th is ll'a_Y: In the centrifuge Lube t"~>o corkf' 
IH're fitted , one nt the boit om and one nt tht> mouth. A precipitation 
tube 11·ns fitted into the <·eni.re of eaf'h c·ork through a hole just big­
enoug-h for it . The tubes were all testPcl 1efore u~e . nnd hl·o tuhes 
ll'(> l'f' userl for r:H·h smnph' ,;o as to eher·k the ouP 11·ith the other. 

The arm length of th e ('eJJtrifnge \\'as 19 em. 11·hen measurr d to 
the bottom of a centrifuge tuhe, a111l, at a top speed of 2,800 
H'l·olutions p <?r minutr, a limiting- Yalue of the r e <l rell Yolum<-' of 
o.--trich l•lood ll'as obtained in from 45 mintdes io on<· hour. 
lfo11·ev(>r, the ce ntrifn.Q·e WflR alwavs alloll'e cl to run for at lea~L onr 
and a half hour." to nw,ke qnitr sm·e of tlw final reading at thnt speE'd. 
OH many occasio ns tl1 e ce nt rituge wa o> run al speeds lo11·er ill a n 
:.!.1-\00 r.p.111. so ihat rP~tdt~ nhtainetl ,\1 slc: II'Pr ~peeds conld be 
<·nmpared with those gi•Pn at top sp<-'<-'<1. T he ildws we rr spun fol' 
4!> minutes and the resuHs read. ('entrifug ing was repeated 
for another half hour and the readings ngain noted. TbiR 
p rocedure was carried out until two s uccessive readings bad th e 
.;am e value. At 1700 r.p.m. the ,;ame re:uling~ were obtained ns at 
top S}Jeed of 2,800 r.p.m. ~ nd the results at th e lo11e<ot spe<>d of 600 
r .p.111. dinere(l w·ry little from those shown at the highest· speed . 
But at HP loii'Psi speed a period of G t o G hours ·was ·usually required 
hef(lre limiting- valu es were obtained. Six typi cal results are 
rc!·on1ef1. ~.amples nnmlwrs 1, 2 :md :1 ll'!'!'e who!<' blood ancl 4, 5 
ancl G hepa r ini s<•rl hlood. 
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0. T. DE V II .Ll ERS. 

SrullplP ~\'umfJf'r.~ anrl Petcf'?lfa,rj(' T" olume Readings. 

Speed in R .P.)t. l. 2. 4. .). 6. 

600 .............. 54 I 49·.) ·~8·8 [ 49 

1 

i\4 
I 

48 

I 

, ____ _ 
l.700 ......... . ... .):l· 6 49 48· ,) 

I 
48·!) 

I 
.):J . ,j I 47 · ;i 

2,800 ... . .. . .. . . .. .)3·4 I 4!) 
I 

48·.) I 48·9 I .)3 · 3 I 47 ·.j 

X E>scr (HJ:20), u s111g hor~e blood, found t hat the results obtained 
in l:"J min utes were the StUll(' whether the CPtil rifug-e ran at 250 or 
:1,000 re\·olu tion s per m in u te, a n d ht' t·entarked: " It is not t:ontended 
that Yer y h igh speed s tnay not result in a d oser packing of the red 
<·o rpusdes ot· that Yer,\· loll' centrifuge speeds will giYe ri~e to tht' 
sall ie degree of pa('king as Yery high speed,;. B ut 11w results point 
to t lt is fuet that, within certain l illlits of speed , t he ,·olu me of the re<l 
corpuscles is in no way influPneed by tlw speed. The n·<Hliugs 
obtaiJI(•d by the centrifuge are n'liahlt' :111(1 in 11 0 w;\y <lepPndeJti 
up on t lw spPed of thl' ('en t ri fuge for till modt•rate speeds." 

)! illar (1!J25a) h,\· centri fuging- human blood at 4 .:~fi() l'.p.m. 
obtained a finn! reading of :m·O .• \ t ·\700 ! '.p.m. the final result w;~s 
:!7 ·1 and a1 ll ,! iOO r.p.nt. ;1i"J·0 . P o nd!• r ( l !J:H), u si ng- rnbl1il':-; h lood, 
oh tnined a final n':mlt of ;n ·!'> at 1 ,itlO r.p. lll . a n d at 14,000 r.p.m. 
t!w n•ading w:1~ 29·il. He l'E'Illal·ks: "Tlw atlainnH'nL of · cnnstanl 
Yul llllll." ' l' OllSE'(jliP n tl~· cannot he usrd as a test for the ('OlTPd 
pe n ·pn tage Yoh u ne h :l\ i ng ht>ell reach Pd m tlt•ss \\·e kn01r \\'hi('h speed 
of th t> h aemntonite ptotlun·.~ Ileithe r ineomplt>tt> packin g uot· emu­
pression of thE' cPll,;, i.e., un less we soh·e a se('oud problem Yery 
simila r to the one ll'hose solution is bei ng- sought. 'l' hf> :l!IPP tl of 
4, 000 t·.p. m is ~uppos!'d to lw ~uch a spee<l , hut \\' h ,,· t h is partieular 
ratP is -:d~dPd T haYP not hi-'P il ahlP to dis(·o\·e r . Tht>rP is c·rrtainh· 
no eYidt•nce that it i s :1~ ide:1 l as it is thou!.rht to hP... The ohRen:{­
lion s h.1· ::\J ill :n nn<l J>otulPJ' strpss 11H• im jJorta neP, \\·hen rt'cording 
pPrcentage Y< ol u me t·p,.;u lt ~. o1 stat inp· bot h t h e a n n-len g·t h of llw 
cPu t l'ifug-e aucl the spPt><l ;II \\'!tid1 it rotated. T his is. unfortunately , 
not oftun donr. FtH·ililie::; did 11ot ex is t for t(•sling- llw r>f't'eds on thP 
cnrpus('k s o f ost rich h loo<1 of spet>ds lt ip;her than 2,~00 J'.p.lll., hut 
from r E>peat e<l ohse rnllions m ac1P it Ill:.!~· lw s ta1ecl \\'i i h <·onfi<lence 
t hai wit h a c·pntrifngP as spP<·ified t he ~an t i' fina l t't>sults mn~· lJP 
expected v.·iL h in a sveed ru nge of 1,';00 to 2,i'IO(J r.p.m. 

Special C'Ure ,,·as nl \\·ays tnken to sh ake t he h lood in tlw hottlP 
thor ough ly before i t wns dra\\·n oft with tlw pipette fm the purpose 
of determining the pt>rrentagc vol ullle anfl to fi ll t h r· t u bes exactly 
to t h e JOO mn l'lc 'J'h e blood was a l so run from t h e pi petip into the 
percPn tage Yolnme tubes \rit h as littlP delay as po~si hle to !ll'eYell t 
::;edimt>ntation in t h e> lower pari of 1l1e pipet1P. XPYertheles~ then• 
\\'PH" sotnetilll<>s di~h~renrf':; in t he r e:tdi n gs of ~amplr,; fron 1 thf' samt> 
bottl e, alth o ug h 1lw m axim um difft>r e nce neYer PxreerlPd 1 ·:). 

4Cll 



THE JH.(lOD OF THE OSTJUCH. 

The recorded percentage volum e re;1dings iHduclP t he white rell 
volume, for this neYer onrP exc·ee<lP<l morP than 2 per cent. of the 
blood volume of fresh hlon<l aml oft!:'n c:onsli1uted even l es..; 11wn 
0 ·5 per ce1lt. Often also it " ·as in1possible to ~1hsene a well definpd 
m:ngin hetwren the red re>ll column and th e while cell layer. 

~eser (1923) m ade le!'lts to aSf'E'l'tain in how far th e centrifuge 
rending:; could be relied upon. For th is p1upost> a large quantity of 
blood \\'<lS <lrawn and f· i t mted and this ci tr:d rd b lood was tl•t>n 
centrifuged at definilP intel'\'als until th<'n' " ·as eYideJH·e ol' 
haemoly:;is. lit> found that "'it h hon;t> blood lhe results rema i11 t> <l 
constar{t for !J(i hours an<l that lhe perrentagP Yolu111e decreased ns 
:>oon as :u•y sign o£ haelllol.n;is appearecl. 'l'lw writer· made sinril n r 
tests with ostrich bloocl usiug heparin ised. f·i trated, and also w hole 
blood. 'L'hP blood was kept in " ·ell stoppPred bottles and sn<'t'essiY<' 
fillin gs o{ tl1e precipitation tuhPs wPre nh,ays from the same sa mpl t>. 
1 fos( of tlte samples werr kep t at room trnqwralurP, whic·h nt r iP<l from 
15° ( '. lo 25° C. according to t he time of the year, as the tPsts wen• 
ccmduc!ed at differ en l timt>s . 'I' he other sa mples . ,,·hen not requirPd, 
were kept in cold storage. The rPsults arr gi>Pn in ' l'nhle (10) ancl iL 
will he observed that contrary to the finclings of S eser (192;~), who 
nsed h orse hl ood, thP percentagt> volum e readings o£ h ep:ninisecl, 
citrated, a ncl abo "·ho]p ostrieh blood invariably inrrensc wi th age 
and the older the sample th <' g-renter the incrense. For example , this 
increase aYeraged 9 ·() in 1h<' h eparinsed samples five days old ancl 
kep t at room temperaturP; ancl t he nverage inr rPasr in the fi,·p tla~· 
old heparinisPd samples kep t in eold storage was 6 · 7. H aemolysis 
"·as usuall:~ wplJ marked in snmplPs a few days olcl. lL "·ould appem 
that the plasma of ostrirh hloocl hecoJlles so Yiscicl after a t ime as to 
pre\'c•nt such close packing of the f'ells ns rE>sults whpn the plasma is 
fresh. 'l'hi s problem is heing· further invesligntecl. ~\tternpt:'l wel'e 
made to ohtain more resultR with " ·holp blood kt'pt in eolcl storage ln1l 
thP hloofl usually coag-ulnlPcl within 24 hours. 

Tt was nohcecl that in olcl samples lhP incTPa<'C in Yolumt> was 
particularly marked in tht> "· h itc cell YolulnP. l''or exnmpl<', in 
sample numhPr 4, which is typi cnl , t lu• " ·hi te crll la yer· con stitul f' rl 
only l per ce nt. of th e h looll Yoluuw wh eu flw bloocl was frp~h. hut 
il fomrrd (j·!J per cent. o£ thP hloocl Yolumf' " ·hem th e ce l1 ~ \Yf'l'f' 
preeipitnlPCl aga in five days later . 

Althoug-h the resul ts show that s ignificnrr l innea.ses in the 
readings may not he expedecl even wh en !ht> hlood is ] 1 hom·s olcl , 
yet in th rse studies the prt><·ipitalion of the hl oocl from ostrichPs 1- H 
and 18-2:Z \\'aS alwny~ <·onl pl t'le>cl "·itl1 in 0~ hours from t h e t ime that 
the hloocl wa-; collected. Th e pr'(>(·ipitntion of the hloocl samples from 
bircls 1- 17 \\'US complete <! wi lJrin () homs after they werP collected, for 
they lHtd fi rst to be conveyed ::t di~tance of over J 00 miles. 

As already s1cated under t l1e head ing " Preventin g- Coagulation 
o£ th e nloNI ", 0·5 c.f' . of a 20 per cent. lithium citrate solution to 
199 ·5 r .c. of blood was at flr:-t nsed as antieoagulant but ll1is wns 
later r eplaced by h eparin- 1 mg. pmnlered l1epnrin to 5 c .c . blood . 
. \ s the li thium ci t ra te l'f'JHlPrecl the plasma sl ig-hlly b.vrertonic and a~ 
th e hloocl was also l>]iglrH,\· di lntPtl, ohsen·:dions were ma de to 
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volume readings include the white cell 
exceeded more than 2 per cent. of the 
l and often constituted even less than 
was impossible to observe a well defined 
column and the \Yhite cell layer. 

to ascertain in how far the centrifuge 
t. For this purpose a large quantity of 
ted and this citrated blnod was then 
;ervals until there was evidence of 
with horse blood the results remained 

tat the percentage volume decreased as 
sis appeared. The writer made similar 
g heparinised, citrated, and also vYhole 
[n well stoppered bottles and successiYe 
1bes were always from the same sample. 
at room temperature, which varied from 

1 the time of the year, as the tests were 
The other samples, when not required, 

b.e results are given in Table (13) and it 
·y to the findings of N eser (1923), who 
o.tage volume readings of heparinised, 
·ich blood invariably increase with age 
greater the increase. For example, this 
: heparinsed samples five days old and 
.nd the average increase in the five day 
, in cold storage was 6 · 7. Haemolysis 
~mples a few days old. It would appear 
Jod becomes so viscid after a time as to 
' the cells as results when the plasma is 
g further investigated. Attempts were 
·ith whole blood kept in cold storage but 
within 24 hours. 

·ld samples the increase in volume was 
\Yhite cell volume. For example, in 

;ypical, the white cell layer constituted 
volume when the blood was fresh, but 

the blood volume when the cells were 
ater. 

b.ow that significant increases in the 
d even when the blood is 11 hours old, 
pitation of the blood from ostriches 1-G 
:ted within 3~ hours from the time that 
precipitation of the blood samples from 
tin G hours after they were collected, for 
a di;:t.ance of over lOO miles. 

the heading " Preventing Coagulation 
20 per cent. lithium citrate solution to 
rst used as anticoagulant but this was 
mg. powdered heparin to 5 c.c. blood. 

:d the plasma slightly hypertonic and as 
diluted, observations were made to 
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Sample 
No. 

Temperature. 

1 15° c.-25° c ..... 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 

Average Increase .. 

15 Kept in ice chest 
16 
17 
18 .. 
19 " 20 " Average In crease .. 

21 15° C.-25° C .. ... 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 15° C.-25° C ..... 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

52 Kept in ice chest 
53 
54 

------
22 

Anticoagulant. 
added. 

Heparin ......... 
. . . . . . . . . 
. ........ 
..... . ... 
......... 
......... 
. . . . . . . . . 
......... 
....... '. 
. ···· · · .. ......... 
... ······ 
.. . ······ 
......... 

Heparin ....... . 
...... . .. 
......... 
. ........ 
......... 
..... .... 

Lithium citrate . . 

No anticoagulant 
, 

" 

" 

0. T. DE VILLIERS. 

TABLE 13. Pecentage Volume Increase.~. 

Period which elapsed from time that sample was collected till percentage volume was obtained. 

In~,, I I I I 
I 

2 3! 5 8 9! ll l"l"l" l 56 4 5 6 15 30 

Hours. Hours. Hours. Hours. Hours. Hours. Hours. Hours. Hours. Hours. Days. Days. Days. 
I 

Days. Days. 

47·1 47 47·5 47·8 48 48 48·2 48 

I 50·5 51 .51. 1 51 ·1 51 51 52 51·1 

54 54 54·2 54·1 54·2 55 55 55 
49·1 49·1 49·8 49·8 51·5 51-.5 54 56 

49 50·5 49·5 49·9 51·6 51 53·1 58·6 

47·2 50 
48 50 
48 49 50 52·5 63 

47·2 50 60 

51 54 60 ·6 

54·8 54·8 57 
54·5 51 
53·6 54 
53 54 57 

9·6 
·---

------- ---- ---
48·4 48·9 50·2 50 55·3 

48·4 49·5 49·5 50 57 

48·5 48·5 49·5 49 54 

48 48·5 55 68 

47·5 54·1 66 

50·5 56·2 67 ·5 
6·7 

--------
44 ·3 44·2 44·6 44·5 46·5 
47·5 48·6 48·6 48·5 50 
48 48·2 48·5 49 50·2 
51 51·3 51·5 52 
51 51 
49·5 49·2 
51 51·5 
48·5 49·5 
51 51 
42·4 47 53·3 

49·2 52 58 

50 53·5 59·1 

44 47·5 
44·3 47 
46·8 48 50 
49·1 50·1 
48 49 
52 53 
48·2 49 
47·4 50 

---
49·3 49·6 50 50 
50·2 51 51 51·3 
45·7 46 46 47 
49 49·2 49 
53·5 54 
54 54·5 54 54·1 54·1 54·1 54 
48·7 49 52 52·2 54 

49 47 
53·5 54 
46·5 46·8 
46·8 47·4 
~----~-----------

49 48·1 _ I _ _ _ 48·9 
48 - - - - - 49 
50 - - - - 51 51 
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0. T. lW VILLIEltS. 

ascertain to what extent the percentage volume readings of eitratNl 
b lood clifter ed fi om those of whole blood. On thirh--five or·ea,.;iom 
'"hole blood was collected a nd centrifuged alollg' wilh, blood eollPcted 
immPdintely afterwards in a bottle contai ning lithium citrate 
;;olution. ln no case did t he reading of t be 1d10le hlood vary from 
t hat of I he citratt>cl hlood by more th an 2 and as 'rill be nole1l fro111 

Table 14 thP a1·erage (}iffere'nee IYas on ly 1 ·06 .. \rendi ng , very near 
to that of whole hlooll, was therefore obtained hv ;l(},J in<r 1· 4 to the 
pe1·!·entnp-e volun1P reading of eitraled blood :ll;rl in tl~is work all 
pen ·enta p-e 1·olUtne rPading-,.; of ei t r ate1l blood wPre l'On ected 
acrorcliugl,,·. 

'L'IHLE14. 

~umber or Sample. 

------ --- -------
1 .... . ..... .. .......... ... .. .. .......... . 
2 ...... . .... . ........................... . 
:3 .•...........•.. .. .......•........ ... ... 
-1 ........ .. .... . .. •. .. .. ..... •... . .. • . ... 
.!) •••.••••••.•••••• · ••• •·• .••.•.• • ...••• •. 

6 ..... . ............ . . ................... . 
7 .... • .. . . . . •.. ... • . . ......... . .......... 
8 ................. ...... . ............... . 
9 ............... . .......... . . ........... . 

tO .. ....... . ........... .. .•.....•.. .. .. • .. 
ll ........ . ........................ . .. . .. . 
1:? .... .• ............... ... • ..... • ...... • • . 
1:3. ........ . ... . ... ........ • .. . ... . . . .. .. . 
14 ......... . ..... ... ... . •................. 
15 ........... . .......... .. .... . .......... . 
16 .... .. ... .. .................. • ....... . .. 
17 ..... . ................................ . . 
18 ..... . ....... . ............. .. .. ..... ... . 
19 .... . ................. ..• ............ • .. 
20 ................ . .............. • ......•. 
21 .... • . .... .. • .. ....... .. . . . . ... • . . . . . . • . 
:?2 ....... . ............................... • 
:?3 ....................................... . 
:?4 .... • .......•. .. ...... .. .• ............. . 
2:'i .... . .......•.... .......•.... ... . ....•.. 
26 .......... .. .. • ... .... ........... . .. ... . 
27 ..... 0 ••••••••••••••• • •••••••••• ••• •••• • 

28 .... • .. ........ .. ..•....... ... ........• . 
29 ........ . . . . ... .. .... .... ..... . .. .. ... . . 
30 . ... .. ............... . . . ..... .. ........ . 
31 .... .. .......... .. ... ... .. ... .......... . 
3:! ......... ... .. . ....................... • . 
3:3 ....•..... . . • .............. . . . . • ...... . . 
3.'). .......... . ........................... . 

Perccnta<><> 
Volunu; 
(\\'hole 
Bloo<l). 

47 
-18 
49·:1 
.30 
47 ·8 
-19 
46 ·9 
.) I 
-18 
4.3· 2 
4.)·7 
50 
-19 
46 
49·2 
40·3 
:'i0·2 
.~o 
49·2 
51 
54 
.Jj 
48 
47·.J 
40 ·6 
.JO 
.)0 
.'i:l·8 
5:!·.) 
:14·3 
:?9·.'i 
38 
:!.) . :3 
50·2 

Percentage 
Y olumc 

(('itr.tted 
Blon<l ). 

.j..) 

-16· .) 
48 
-1!1 ·2 
-16 
48 
4.') 
49·.') 
46 
4-1·3 
4-1<3 
48 
+7·2 
46 
+7·9 
47·6 
-18·4 
-18·5 
48 
49 
;);,!·.'\ 

;'i:! 
46·3 
4;)·5 
j!)·,'j 

48 
48·:! 
:;2 
.}2 
;J:l 
:?9·:3 
3(l 
z.; 
48·9 

Di fft•ren<·e. 

:! 
!·.) 
l ·3 
0·8 
I ·8 
I 
1·9 
I · .3 
2 
0 ·9 
1·-1 
2 
1·8 
0 
1· 3 
1. 7 
I ·8 
l · .; 
I .~ 

l· ,; 
I 
I.~ 

1 · I 

1· 8 
1·6 
O·ii 
I · :1 
0 ·~ 
2 
0·3 
1·:3 

,\ vERAtn : DI FFt:Rt:sn; . . .......... . .... . ......... I ·36 

·-------------~~~ 

'l'ablt>::: :J- lO :;ho\1· the ~ent~·ifugl' readings and 111 Table l .j n 
statisticn l at I a l,vsis of these I S g1ven. 
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0. T. DE Yll.l.lEli S. 

The averuge perceutuge volume reading for the norn1al birch; 
(J -5) \\'tlS 48·!) ± 0 ·3 rang ing !rom 40·6 to f>4·0 (sbnulard cJe,·i ation 
2·9; coefficient of Yariability 5·9 p er cent.). 

It will bt> ,;el'll that the rodlic·ient of ,·ariabilih rang-Pd Jrom 
3 ·2 to i ·9 and that tile exceptiona lly luw pen·PnLuge ~·olume reading 
shown by binl No. 5 on 21 / 1 / !36 is correlated '"ith thP Yery lo"· 
eryt hroryte count shown hy thi s b ird on thal date. 

'!'he r e:-> uUs ,;hmnl I'.Y ~ <' - G cl osely approximrdl' those frotH thE 
normal hirds, hui ibf' rP rulings obtai n ed \vilh the hlood of m osl of 
lhe c·l iJiically lwalth~· ostri<·hes (i to li) are, as in tlH' l'<t.~e of lhe 
worm-in t ested hird s (1~ to?~ ), l'Olll]Hit atin•ly low. 

P erusal of thP lih.>rature did uot ren•al perct'ntage volu111e 
res ults for bini::;. The writer . however , ha,; madp a nu ntlwr of 
pe rcentag(• Yol ume detpnnination s also on fowl hloocl nnd the~>t> ;ne 
appreciably lowN than tlw results from tJs h ·idl hloocl. 

Ht·: L.\ rHH\ BET\\~-:~-::-;- PJo:JlCE::"T.\CU·: You.".\JI-: Ol' H.~:J) <'ELLS .I~JJ 

TuErn ~ l ' Mlmu . 

Likf' Xeset· (19:!3), fhe writer d<>tenninPd tlw rati1• of t ht> vol uniP 
of rt-d c·pll:; to t he ir numlwr and in (·ale,tlntin!.\' the ndio tlw I'Ollllt 

was co nsirlered io lht• ne:nrst 10,000. 

'l 'h e result~ ate listt•d in Table,; :l-10 aud a statisli ta l anah·si s i~ 
:-:hown in Tnhlt> Hi. \Vith a few t>Xc-eption ~>, t h P ratio,; sho~n1 hy 
thP normal hirds (1-5) l'loseiy upproximate onr a no t he1, nwntg-ing 
:25·7tJ ± 0 · 12 (sta ndard cl<•\'intim. 1·0~: cuPffi<·ient. of Ya riabilit y ;) - !) 
per ce 111 . ) . 

X t>s<'r ( I !J:Z;n, in cli sl'ussing- o,;motit JH'P:-:sut'l" 'Jf the hlo()(l, 
r·emark,.; : · ' ln Yie'l'l' of th e nbo...-p s t atPmPnl,; it is thoug-ht unlike] _,. 
that tlrl' o.~n1ot ir· prPSSUI'l' of hors<• hlood <·an Ynl'y Jlltll'h lw twt>e n 
inlliYiduals n1· in ihe same indi,·irlual from timt> to t ime. If th is 
i ~> aeeepted the11 it must t><tually he acce pted that the mlurne ol' t he 
red <·Pll f' rannot he inflm•nc·ed to auy marke1l t•xt e nt o"·ing· to r·lwng·e,; 
in t lH' odmotir· pn';;surp of the bloo<l. ., 

T ill' ostrirh does Hot muulh· drink mu!'h and as thf' ~kin of hird s 
<loPs no t tontnin ,;weal g-lanrls. (Jhadlt>y 1!)1.j and Kaupp 192!1) it 
may lw JH·esumPd that in the ostri ch there i s P\'ell lP,.:s chan ifP in 
asmotil' pres:-: u re of t he h lood than there i,; iu 1he hloocl of :111 nnintal 
like ihe horse whidt h as a !u rge fluid intakt> nn<l perspire~ freel y. 

As t he t·Pntrifug-e rrnding- r·nn lw relird up<>n to refle(·( a<·l·u rate! _,. 
the t rue Yol ullle undt' r the cnl't'('llt t in·umshtu<·ps tlte t"Xtrf'llW 
Yarintion~ nrP , no doubt, largely due to enor:s in t he C'nunt. 

Take. for example, i he minimu m ratio 2~-2~)-obtained with 
the rPsults shown b~· hinl No.2 on 2() / 9 f ;3G- am1 thf' maximum rat io 
2S·9l - ohta inPcl with the results s how n by bird Xo .. -, on 24 / 11 / '%. 
'l'hp n·,;pedin" 1·ounts arE' 1 ,983,000 <.Ill<]' 1 ,8!):},000. I n lliSl'Ussiug 
t h e t- ryl h rocyi<' c·nutd s, i t i s ~hO\Y.ll that the~· an• s uhjC'('( to an t'rror 
of 10 per eent. a n d i f it is IHP,;u tnPcl that t he ahoq, <·ou n t~ wer e 
res pert iYely too h igh and too low hy 10 p er ('P il t. th en t h l" correc·ted 

4G7 



~
 

0
:,

 
C

/:)
 

T
.\
H

L
l<:

 
lG

. 

S
tl

/t
ls

ti
t·

td
 

:l
u

a
ly

s(
.,

 
o

f 
H

o
tl

o
s 

!J
ef

tr
l'

e
ll 

(
'p

n
/n

fl
l.

tJ
I'

 
H

P.a
rl

u
ty

s 
u

n
d

 
th

e
 

N
et

! 
(

'u
rp

u
sc

1
1

la
r 

(
'o

u
n

ls
. 

B
in

i 
N

u
m

b
er

·*
 

S
ex

. 

1 
..

..
..

..
..

..
..

..
. 

::\
Ia

le
 .

..
..

.
..

.
..

.
..

..
..

.
.
..

 
2 
..

..
.

..
..

..
.•

..
..

 
1

\b
lc

 ..
..

..
.

..
..

..
.

..
..

..
..

 
:~

 .
..

..
..

..
..

..
..

..
 

M
al

e .
..

..
..

..
..

.
..

..
.

.
..

..
 

4 
..

..
.
..

..
.

.
..

..
..

 
F

em
al

e .
..

..
..

..
.
..

..
.

.
..

..
 

5 
..

.
..

..
..

.
..

..
..

. 
F

em
al

e .
..

..
..

..
..

..
..

..
..

. 

-
-
-

-
-
-
-
-

l.
 2

 a
n

d
 3

 ..
.
..

..
..

 
.\

ta
le

s .
..

..
..

..
..

.
..

..
..

..
..

 
4 

an
d

 i
5 .

..
..

..
..

..
 

F
em

al
es

 .
..

..
..

..
..

..
.

.
..

.
. 

1 
to

 ,;
 .
..

..
..

..
..

..
 

)!
al

es
 a

.n
d

 
l~
e
m
a
 lo

s .
.
..

.
..

..
 

=
 

6 
..

..
..

..
..

..
.
..

..
 

F
em

td
c 
..

..
.

..
..

..
.
..

..
..

.
. 

7 
to

 l
l 
..

..
..

..
..

. 
}[

al
es

 ..
..

..
..

..
..

..
..

..
.•

..
 

1:
! 

to
 

17
 .
..

..
.

.
..

..
 

F
em

:t
le

s .
..

..
..

..
..

..
..

..
..

 
7 

to
 

17
 .
..

..
.

.
..

..
 

)l
al

es
 

an
d

 
F

em
al

es
 .
..

..
..

..
 

18
 

to
 :

22
 .
..

..
..

..
..

 
l\

Ia
le

s 
>t

lll
l 

F
em

al
es

 .
..

..
..

..
 

N
u

m
h

er
· o

f 
D

o
k

n
n

in
a­

ti
o

n
•.

 

].
) 

Ii
i 

12
 

].
) 

13
 

4:
2 

28
 

7
0

 

H
 r; 6 11
 6 

I 

~
l
i
n
i
m
u
r
n
 

R
at

io
. 

2:
1-

60
 

23
·:

23
 

2
4

·2
7

 
2

4
·,

i6
 

2
3

·3
4

 

:2
:1

· :
23

 
2

3
·3

4
 

23
·2

3 

2:
H

l:
2 

2i
i·

5
6

 
:2

5·
:2

4 
2

5
·2

4
 

:2
:2

· 1
8 

\l
ax

im
rr

nr
 

R
at

io
. 

:2
6·

!)
4 

2
i ·

1
3

 
27

·0
8 

2
7

·4
7

 
:2

8·
91

 

24
·:

2
7 

2
8

·!
)[

 
2

8
-f

)l
 

:2
6·

23
 

27
·6

1 
2

9
·6

:i
 

:W
·6

fi
 

31
 ·

:2
:3

 

A
 \-c

ra
(r

e 
Ra

ti
o~

 

:2
;)·

3:
3 

;2
.)

. 
!)1

 
2f

i 
•!)

2
 

:2
6·

 1
3 

:2
5·

81
 

;2
.)

·6
0 

:2,
)·

9
8

 
:2

il
·7

:'j
 

:2
.3

· 
L

 I 

2
6

·8
7

 
2

7
·0

4 
:2

6·
96

 

2 i
5·

 2
7 

* 
F

o
r 

p
ar

ti
cu

la
rs

 o
f 

b
ir

ds
. 

se
c 

p
ag

es
 4

:2
8-

42
9.

 

I S
t<

tn
dn

rd
 

E
n

o
r·

 o
f 

th
e 

}
le

an
. 

0·
:2

8 
0·

:2
2 

0·
:2

2 
0·

:2
1 

0
·3

8
 

0
·2

7
 

0
·:2

1 
0·

1:
2 

0
·0

8
 

0
·3

8 
0

·6
1

 
0

·3
5

 

L-
:2

8 

I I 

S
ta

n
d

an
l 

D
c,

·i
at

io
n

. 

1
·0

9
 

0
·8

8
 

0
-7

8
 

0
·8

3
 

I 
·3

!J
 

0
·!

)4
 

1
·1

2
 

I 
·0

2
 

0
-3

0
 

0
·8

5
 

l·
fi

l 
1

·1
8

 

3
·0

8
 

I I I I 

C
o
cH

i~
i
e
n
t
 

o
f 

V
ar

ia
b

il
ii

y
. 

4
·3

 
3

·3
9

 
))

·0
5 

3
· 

17
 

,;
-3

8
 

3
·6

7
 

4
·3

1 
3·

!J
6 

1
·1

9 

:3 
·1

6 
.5

·5
8 

,~
. 

37
 

12
· 1

8 

....,
 

::t:
 

M
 

~
 

0 0 t::
 

0 "-'1
 

-
' :r ~~
 

0 'J
) 

;:
: 9 



0. T. DE VlLLmJ!S. 

figures would he about 1,7R5,000 and :2,0:J8,000. The ralio.-; uow 
hecome :.?:"1·84 and :2G·%. thus differing only <; ]ightl,,- from lhP 
aYerag-e 1alio of 26·75. H is. tlwrt>fore, eonduded that also in 
normal ostrir·h blooLl the red eells do not rary n]JlJJ'e•·iabl~· in Yolume, 
aud that the number of r<>rl cells ('an be us acnu·atelv obiainecl hY 
tliYi<hng the pereeutage \'vlume reading h.\· tlw fig-ur~ :25 · ji) ns b~· 
('OUuting. proYided the sa lllple<> are eeuh ifugerl at t lw speed at whi<·h 
the r·entrifuge \\·as run b.' the writer, ;l!ld the CL• ntrifug-e lubes han• 
tlw same dianwter. 

The ratio,.; obtained with the re~ult s from birds 7-L7 are loo fpw 
i• J pt>rmit of any ('Ondusions heing- 1hawn, hut the inrli('atiuu" are 
that the red c·ells of ::<01111' of them wc>1e slighil ,Y larg-er than those 
of hircls 1-0. 

The re~ulb hom the \l·orm-iuf(->:detl bird s (UV22) show a 
con1paraliwl.Y hig·h coeffi<·ient of Yal' iahilit~· . 

'l'he poin ts of minimum and 111aximum resistan<'t' of the red cells 
of ostrieh blood were detel'lninPd in the following wa.v: llalf a l'.l'. 

of blood wa s added to eal'h ot a series of test tubes, eac·l1 containing 
IU t.e. ~orliu111 ehl oride solution, but eal'h :;oluti on being 0·01 per 
<·e.11t. stroH~·er than t bP last. Fre,.;h ,;oltit ions werP nb·;1ys llHHlP up 
;, nd the salt \\·a, own-dried before u~e. .\fter the aclclition of t he 
blood, the t uhes were gpnfl.\· shakeJJ and then allo\\·(-><1 to statHl for 
10 minute;: . 'J'hey \\·ere th('n l'entrifuged for 10 ll1iuutt>,: at a spet'd 
of :..' ,800 l'C'\'olntions ]lf'r 111inute. vVitl,in t lw pl'riocl ,.;pt><·ifi\'fl 
('Omplete haen1olysis and the settling of unhaemol.,·secl erythrorytes 
and hat'mog-lohin-free str1)nwta took pla('e. Il n1ad(-> little or no 
clifferenee whether tht> tube~'> ,.;tootl for 10 minutes or for '2 hours 
brfore bPing c·e ntTifug-ed and tlw rPa<ling-s \Yer(-> PithPr the sHil l!' or 
,]iffer(->d Yer~· slightly , wlwtlwr the snmplE'o we rE' <·f> tdrifug-ed or 
nllowecl tu ~tand until spo ntant:>ous sPilling of tlw •·plJ,; ha cl oc·t·UJ'rt:•d. 
It appears that haernolysi,; is <'01Hplel<:><l within a fpw minute:<, hut 
10 minutp,.; were allo,ved to make quite sure. Th<:>se ohseJTations <II'E' 
in agreemeut witl1 those madf' on sht>ep hloorl h~· Tiossonw (1!):1()) . 

Kolmer nnd Roemer (19~H) st nte: "Xol'll1;1 ll y 111llllill1 
<'1·.\'ihrm·~· te;;, C'arefull,v <·nllet"t<>tl ngniu~t iujnry, .. an re mnin for (\\·o 
hour~ at roon1 temperahll'e in sol utiou s <·ontainitlg' 0·-1-2 to 0·4-t. p(->1· 
('f'Ul. sodium ddoritle befoJ'(-> haemolysis heg-ins, whilst UIHler thes<' 
conditions hemol~·,j,.; is complet<> in O·:~() to 0·;32 per eent. solutions··. 
Fmm this shden1 ent b\· Kolmer and BoernE'!' we must c·onelucle that 
t ht> p<lssagt> of water into thE' cells oet·urs mu('h soone1· m the rt-<l 
('f•lls of tl1e of' trir·h and tl1e slJ PPp than in those of Jllnn. 

lf. Ul'('()l'lling to the· ll1Pthod of Hossouw (uno), 1 l'.e. o~t ril'h 
bloocl ht> added to :20 c·.1'. di still ell water- ancl t lw solut i{lll is 
c·onsidered as 1·epresentiug 100 per c·ent. ha emolysis-tl1en a oue per 
tf' nt. haemolysis <·an ll.~U<llly just he ohseiTed with the na kt-cl eye, 
for the solution is only ,·e1·y slightly ting-Nl. vVhen tlw first eYi<kn<'e 
of haemolysis was ohsen·ed , l_vsi,.; of at ]past one ]WI' <" eut. of the re<l 
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eelb haJ therefore alreatly u(·cuned, for the ,;;unpl es 11·e re n ot 
exan11n!'1l :>J>edroscopically, and the points nf miuilllal resi:-tnnee 
ret·nnled iJHli.cate lwemol:1·s i~ of at least one lJ!'r eeut. of !h e cell;;;. 
Tinging- d ue to the plasma ibelf eau l:e ig-nore1l, ior, e1·en 11·hen 1 c.r. 
of IJla~ma i,; aJded to 10 l'.C. of saline, no t·olouriug of the sol u t ion Call 

he 1letedetl. Whole blood 1ra,; use1l and it· was ul11·avs adtled to thl:' 
solutiOJIS 11·ithin half all hour of bleeding-. vVht>n ]~nf'lli O l.rsis tests 
were contlurtt>d the temperature ranged from lf1° C'. to :20° (;. 

\Y.lrk t>rs in <ll'termiuing the f~·n.g-ility of the retl cell,; u,;t>d 
(1ifferen t eoHt·e rd rat ion s of blood lJl ,;a I in e. Isaa(·s (1929t for 
instan('e, added 1 drop (a Yariable quantity) of blood to 2 c.c. sali11 e 
\YlwrPa,; Hossouw (H):)()) atMed 1 c.c. blood (o 20 l'.c. saline 
(nlJproxilllntely 1 drop (o 1 l'.l'. sali n e) and Pepper and lfaTley (1933) 
athled J drop blood to + c.c. saline . 1! is unfortunate that !here 
shoultl he no standunl method of performing the te~t. as ucr·nra te 
('Oiliparisou of l'E"sults is ofte n impossible. For Pxnmple, froJu thl' 
gTaph gi,·en by Hossonw (l!:HO) it IYill br~ ohseJTed that 1dwn 1 e.r· . 
shct~p b-lood 1n1s <Hlded to ~U c.l'. of a 0·12 per ee nt. sodium r·hlorirle 
~ol u tion :) per (·ent. haemolysis resulied, and in a 0 ·67 per cent. 
sodium 1·hlori1le solution approximately 12 per f'en(. haemo]_,·si~ 
occurred. The same author· ;;tale,; that a 2 per rent. haemolysis giYes 
nlmo~t a dear soloution, and a ~~ per cent. haemolysis "·as found 
io he the Jo,Yest pradical margin to work with. As the fir~t 
evidence of hnt>nrolysis was obsened in the 0· 72 pe1· cent . sodi11111 
l'hlori(lP solution, 0·7~ mig·ht haY!' lwPn ronsi dt>retl the poini of 
minimmn reo>ishmce. 

If 0·2:) 1' .(·. blood had bf't>Jl addt>il (o 20 r·.c. of a O·fi7 per l'en!. 
sodium l'hloridt:> solutio n , a.~ had bt>en done by Peppt:>l' and Farley 
(L9:J:J), also 1~ lWl' cent. of tlw cells in t he 0·25 r·.c.. hloorl \Yotdd haw 
haemol.\-st~rl, but t h l' solution would havt> ,;hown a tint similar to that 
of a :3 per 1·ent. huetu olysi·, in the ntorementioned conce n tration, viz .. 
a colour \rhir·h enn just he obsened, and in t h t> latter co ncentration 
0f hloorl n1Hl srt line the point of ruinin1nm resi:-;huwe wonld bave her>n 
lletPrmi ne(l as 0 · G7. 

Wist>man and Bit>rbaum (l!J8'2) ha1·e 1lnised a hag-ilit~· test in 
\Yhit'h tlw patient's cells nre tested in his o;Yn plasma. Ct>nhifug-n­
tion of the hlnoll is 1·eq nired, but it i:-; not ne1·essa1·y to mn ke up frPsh 
saline t>ar·h time the test is ennied out, or to set up a control teRt 
"·ith a knoii'JJ normal blood. 

From the resuHs g·iwu in 'L'<thlc• l7 it 11·ill be noted that the 
poini of minimum resistancE' of the rell l'ells of the ostrich varies 
frolll 0·44 to 0·52 IYith an average of 0·47, anrl that the point of 
maxunmn re~ istance nmg-etl from 0·25 to 0·3, with fill average 
of O·<>G. 

Wirth (19=H), citing }'riedl (19!i1), gives the points of mlnHn um 
anrl maximum resista n ce of fowl bloo11 as 0·59 and O·!il respertiwly. 
but according to li.lt>iuebergr>r and Carl (1927) the point of minimum 
resistance of fowl blood -varies from 0 · 4 to 0 · -.17. 
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T .\BL}; 17. 

Re:>istance of Er.IJlhroryfes tv 1/aemol.l}sis . .Yos . 1 to 5--0striche.~ 
clinically healthy and found frr•e from disease on Post-mortem, 
T<:.ra.mination. .Vo. G-Ostrir·h tcitlt rl11IJ-foot. See L){''fJe.~ -+28-
429. 

Rit·(l Number.* Sex. 

1 ......•...•. • •...•.... :\lale . .... . 

2 .........•......... . . . :\la lt• ...... 

:1 .. ... .•......••...•... 

I 
~\La le . . .... 

4 ......•...... . .... . ... Frmale .... 

.) ...................... Femak .... 

.~n·ragl' I . :2 and 3 ..... .. )la le8 ...... 
:h ·cragt> 4 a nd.) ......... Females ... 
. \ n•rage J tt\ .) ........ • . . :\ta les ami 

Females 

6 . ... .. . .. . ... . . ....... Female .... 

I 

Date. 

I 10 3;} 
8 10 :n 

30 11 3.'} 

~6 !l :3.; 
4/ l 0; :1.i 
;) 10 3.> 

19 10 3-i 
26/ 10 3-i 
J lf ll /3fi 
30/ ll 35 

26; 9 35 
20/ 11. 35 
7 12 3fi 

:24 9 3."i 
I 10 :3.3 
:; 10 3.) 

ll/ ll / 3-i 
2fl 1 11 3-i 

2.} 9;:~:3 
28 9 131) 
20 11 3ii 

28 !) 3.i 
20/ ll / 3fi 
29 11 35 
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I 

I 

I 

:\[onths. 
11 
II 
I:~ 

10 
II 
Jl 
11 
ll 
1:2 
13 

10 
12 
13 

JO 
II 
11 
12 
12 

10 
10 
12 

10 
12 
12 

Davs. ·, 
8 

26 
4 
-~ 

19 
:?6 
11 

:26 
::!0 
7 

24 
I 
.) 

11 
29 

2ii 
28 
:20 

:28 
20 
29 

:\lini. Maxi-
mum mum 

Resist- Resist. 
anct?". a.nec. 

0·47 
0· 45 
0·-H 

O·.) 
0·48 
0·44 
O·fi 
0·5 
O·ii 
0 ·48 

0 ·4:) 
0·47 
0 ·46 

O·ii 
0·47 
0·49 
O·ii 
0·47 

0·49 
0·52 
0·44 

0·47 
0·48 
0 . -1-7 

0·45 
0·44 
0·45 

0·3 
0·29 

0·27 
0·26 
0·27 

0·27 
0·27 

0·3 
0·3 
1)· :28 

0 .;J 
0·2ii 
0·27 

0·:27 
0·28 
0·:28 

0 ·:27 
0·27 



THE BLOOD 01:' THE OSTitl('l-l. 

The cfteds of o,;motic prel'l:nn·e on the red cell ~ were detenninerl 
hv the methorl used by XP~Pr (192:i), ancl all the obsernttio11:-; wen· 
n1nde on wlwlP blood. · u,Ppeated ohsernltions ,,·ere made on the hlood 
of six os1ricltP:-;, anfl it "-us fonnd that the l'ells in tlw O·!:l per ceui. 
sodium dliorid e so lution :tlm.tys g'<l\'e either the samP readin:.r as 
thosE' ia thE' plasma, m· the readi ng nc•<II'P:sl l(l tho:-;p i11 the pla:-;rna; 
O· D per t·e11t. sodium chloritlr solution cau. tlwrefo n•, for practieal 
purposes lw aect>pted a:; i"otonic for ostrich blood. 

At> alread~- statecl the writer's original intention ha d hePll to 
liSP isohm it· lithium citndf' solution as n nticoag·11lant , a rul it "·a:; 
similar·l~- de!PrminC'd that a :2 · t\ w•r c·en t. so lution of this sal t is also 
isotonic• for ostrich blood. 

'[\yo sets of readings, which also reflc<:l I he o~motie effe<'i s of 
l'el'tain otlter solution s on tire r ctl cells, are g'lH'n lwlo'": -

] 

l 
1 

1 

1 
1 
1 
1 

l 

<·.r . C'onr·enlralt>rl blood 
plus 

(·.<'. J>Ja~rll : l 

(1) 

{'.(". 0 ·7 ]lE'I' ('('II t_ ~odin1r1 chloridt> solution 
(•.( ' . 

( ' . (' . 

!'.(' . 

('. ('. 

( •" 

c.r. 

c .r. 
r.r. 
('.(•. 

('. (". 

(' .(· . 

('.(;. 

0 ·1-\ 
()·!:) 

l 
1 ·1 
1·2 

Conct>ntra ted blood 
plu:-; 

"Plai'ma 
0·8 per t•f'Jl t. ~otl i lllll 
0·9 

" 
1 ., 
Binger's so lution . .. 
Lo(·kt- 's ~nlution .. 

(•) ' 
- I 

., 

c-hloride solution 

Cen tnfuqe readin!;.~ . 

3b 
:3!) ·5 

:1s 
:i(i 

:~ :) 

:~4·6 

;~..j 

:~8-5 

( 'ent ufufJC rerlfhnys. 

T-l·7 

;~fi 

34 
:33 
;~3 

33·5 

Tn order to a:-;c·ert::lin if the ce>lb \H'I'E' -;imilarly paekt>c! in 0 ·0 p Pr 
CE'lll. saline :t~ in plasma , ~amples of "·hole blood were cen tri fug-1,d 
for one nnd a half hours at 2,800 r.p.m. 'l'ht> pla~ma was th en 
pipelted oir till near the leYel of the l'ed cell (·olum ll and an amount 
of 0·9 per cent. ,.;aline, eqnal to tht- amount of plasma drnwu off, was 
addeil. The tubes were ,;lu(hn until th e saline and the cell.~ were "·~'11 
mixed <llld then the tube:; were r ecentrifug-ed at the same spee tl for 
the snme length of time. ' 
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'l'lw sPt d reatliu;(s g-iwn lwlo"·· which are typical of nwlly other 
readings, -;hml· t hat the res ults ohtaint>d IYith who]p blood \\·ere 
eitht>r tht> :>Oi lllt> or diftert>d Oll l~- slightly from those giwn by the 
saline rnixtnrrs, and that, in <lt-termining- the isotonicity of the eclls, 
Uw pen·ellta'..(c rolunlt' n•a<lings obtain<>d 1rith the cells i1! the -;uliue 
art tlu·rehm• st rict\~- t•omparnble with t ho-;e g-i1·en hy tht> cells in the 
plasma. 

/Jlood. 
"\\"hole blood . . . . . . 
('p]\,; plu.-; 0·9 per ceut. sn.liu e . 
Whole hloocl . . .............. . 
('ells plus 0·9 per cPnt. snlinP .. ... . 

'Vlwle hlo<Hl ........... .. 
(\>lls plus ()·!-) [WI· cent. ::; ;~lin(' ..... . 

Whole blood .................... . 
l't> lls plus 0 · !) per I"Cil t. s;l I in e . . . .. 

H .\E:\IOGJ.OBI"' C'OXTEXT. 

Ce nl u"j uye H t'arl i 11 !/ -' . 

i)l 

-l.S 
48 
0u 
:17 
.")() 

49 . .-) 

The haemog-lobin content 1ra :; dt·tt'nnined by lll<'illls of a ~ pw­
<·OJ11l'l' Haemog-lobinonwter (B <IlliH.: h and Lolllb). '1'\w improYed modPl 
i:-; fitter\ with a <·omplemen(ary blue filter with the u~P of whi<"l1 a 
:-;a tisfador,\· ("olouJ' match is obtain eel. 

Schultze and Eh·ehjPm (HJ:H) stat e : ·· 'l'ht- Nt·ll·romPr lllPlhod 
was 11eYPl' as satisfadorr for chi<"lH•n blood ns fm· lltalllmnlian blood 
hrea use the turbidity of "thr a!'id solution makes it diffi<·ult to compan• 
t lu' uukno11·n solution 11·ilh the standard.·· 

These author..; d e-.,<·J·i he a nwl hod in whi<·h t hf' haemogl obin 
•'1111tent is also dt- termined colorim et ri('nl\y and a :XewcomE'!' di,..< · is 
usrcl, lnn tlw btter r~'quiJ · p..; n•,.;tnndardi s;dion. 

The luH'PlOI-.:-\ohin COli tent o.f the hlood of tlw ilol'llJ:Jl ostriv ht>s 
( 1- .">) Yaried from 1-l·fi to 17· 2 grams p t•r 100 <·. ;:. blood 11·ith <lll 

:ll·l'rage of Hi g-rnm s per 100 t.<· . l' loorl ('l'ahl e lR). 

Bird Xo. '.!'2 IYas rP< PiYrd from Hn•<la sdorp Di st riel. It sho11·ed 
a heaYy 11·orm inft>statio11 and it will he noted ihn( tl1r haem og·lohin 
dt>tenninalion s on its lJlood :1re apprr<·ia h ly lower t h:~11 1 host" on t he 
bloocl of the no1·mn l birds. 

Cook and Dt>arst~· JJ p ( l!J:H) appear to he thP only innsti!!aton; 
who haY!' prPriously ust><l tlw reeent lllO<lifieation of tlJ P :\'t>II"('OllH:' f 
llat>moglobinollJPtt'r. Tlwy madr haPlllog·lohin detPrminations on t ht> 
hloo<l of 78 norlllal fowb tlll d found thP figu re to Y;H_\" from 7 to 17 
grn111s 11·ith nn t~Yernge of lO·R g-ram s pt>r 100 c.e. hlo()(l. 

J ,J-:\"( 'OCYTE ( 'Ol" .\'"T~. 

'l'he Plllllllt'l'ation of tlH• white <·t>lls in ostri('h blood i,; alten<lNl 
with the sanw diflic·nliies whi<:h a1·p t'll('Oilnterecl in obtaining fill 
a!'curnte (·01111t of thesr <·Plls in the hloocl of fowls ancl ofher birds. 
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The red cells are uucleakd , and when the methorl ordinarii.' applied 
to mammnlinn blood, of using- a diluting- fluid containing acetic acid 
to tlissolw the rE>d cells, is used, then, upon thr loss of t.he harmo­
g-lobiu, the stromata of th ese cells ('Ont.rad about the nuclei , mnking 
it impossible to discriminnte het\\'een these and the> leucocytes. 

'J'.UILE 18. 

1/ru•morJio !Jin ContPnl. 

:Yos. 1 to 5.- 0strirlwo> elini ('ally lwalth,v ancl fount! frpe from di~wn~e 
on post-mortem exnmination. 

No. 6.- 0 strich "'ith rlub-foot. (RE>e png'PS 42R-42!J.) 

No. 11 .- Unthrifh· ostrich chick which on post-mortem examination 
sho\\'ecl m nri.;:e d YPI'Illlllm<lS. 

l3ird Xnmlwr. Rex. Date. 

T 

~[onths. 

I ................ .. . . !\la ll' .. . . ......... . .. 2 :17 27 
20 2 :n 21 
19 .') '37 :30 

2 .............. ... . . . -~ 2 37 27 
20 2 37 :?i 
19 . .) :n 30 

3.... .. ....... . ...... ;lfalc ........ • ..... 4/ 2 37 27 
20/ 2 :n 27 
19/ :; :n 30 

4. ...... . ............ f?c mnl!' . ....... . .. . 4 2 :n :n 
20 2 37 :!i 
23 3 :n 28 
17 .) 37 :30 

.'). . . . . . . . . . . . . . . . . . . . l"crno.lc .. ......... . .. 2 :n 27 
20/ 2t 31 27 
].~ fl/ 37 30 

Avcr·o.gc I. :l o.nd 3 .... . )hdcs ............. . 
Average -1 and .) ...... . Femo.lcs .......... . 
Avera!!~ I to!) ........ . ~tales ancl f?cm>tles .. 

6... ....... . . ...... . . Fernal<• .. .... ...... 4 2 37 '27 
27 
30 

..-\\"('f'lH.!f' ..... o •••• • , o. 

20 :l 37 
17 ;; 37 
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()u th e other haud, if a fluid likf' 'l'oisson's solution is use<l, which 
prest>rn>s the red cells, the white cells and the thrombocytes, t}Jeu 
again if is illlpossible to distinguish \Yith certaint_\· heh,·een fhP 
fhrombocytes aud the :-.malll-'·mphorytes undt>r the powers of mag-nifi­
eation that <·nn be u sed in c-onjundiou with flw counting chamber. 

lln_ydf'll (HJ:27) used 'l'oi .~~->n':-. ,;olufiou , hnt mentions that the 
method \Y•L~ not sa tisfac-fury. Furth nu:n). h u\\'Her, reniHrks thai 
in his experiPnee lymphoey t~>s and I hromhoc-yles can oe easily 
<litl'Neutinted in Toisson 's ;;olution. T lw so lution has the following 
<·OJllj)Osit iun: Di,.;tilll' <l \YaiPr IGO 1'.1'., g-l,V<'<'rin<' (n<•utr:tl), :)[) , .. , .. 
sodium .·mlphate K gms .. ,;odium dtloridt• l g m., mPth_\·1 \iolPt rJB. 
0. 2:") g'lll . 

. \tl'lll'lling- to F01kner (192\.ll. thP throtnh<wytf's of h11d blood 11! :1y 
also lw <-onh':<<·d \\·ifh red cPl ls ill \\'hi<"h tlH•rp i~ litth• haemog-lol,iu. 
but sn<·h ,, difti culty i;; le~s likPly to occm in ostri::h blood, sinr·e tht> 
di sparity in -.:ize hehn•t>11 thP hn1 type~ is llltH'h g·reater than in the 
1':1 Sl' of tltf' fo1d. Ya1·ious nH•thod-; haY!" holll time to timP h<'<'ll 
ach·oratf'll to overcoul(· thrse diHi,·ulties, .11111 iht>st' are com:i,] erf'd 
lwlo\\·. 

A(·c·Mding· to ~ha\v (l!J:l()) ,(') \\':nthin (l!J()j) an<l ~l'llliiPis-:pr 
(UH-->) resorh>d to nn indirPd Jllell10d. Th<.> c•rYthrocdrs \H're l'ountecl 
in ihP <ll'llinary w:n, ;~rul th1-•n i11 filmR the ~·atio l;t>t1n•en thelll <tnt! 
tlw ll'nc·o<·ytPs .wn,; clptermiue<l. Klt>in<'h<'Ig'f'l' ancl C'arl (l!H2) l'onntPd 
thf' Pryl hJoc·.\'tps , lPuc-or.\'les and ilnombocytt>s in thP counting 
l'llal,lllf'r, aucl then <·aknlatf'd iliPir r espc·diYc· Yalne:< from tlw ratios 
of i hp;;p ('(·lls found in :::iainPd ..:mt•nrs. 

The indir~>d lllPlhods an· nh,·iou,;ly su hj t>d to f('I'Pat l'l'I'OI' for 
tl'<'Y pn•snppos!' an ab;;olutel~· eYPJI distribution of the u·llular 
element~; thi,.; J'U]'e),l' ob[nins, a~ V,n·knrl' (l\1:2!)) and o[hPl'ti han• 
pointP<l oul. 

Bla in (l!J:!~) \\·as tlw fir,;t to introdnc·r a dir<>d metho<l fnr t he 
JHU'pust• ol :-:taining the leucoc.Yit>:- di!lt->rt>tdially ,;o that t h ey <·utdd lw 
cc.tu. ted in tlw r·mwtiug c h :u 11hPr. Ilc· utili-;pcl tlw Yital :<ta ining­
JllOJll'l'tit>s ,,r nPttira l reel anrl Jll'f'JI<llt>d two solntion;; :-Solution ] 
<·ontnint>d nHifr:t! Jl'd (1 : .). tltlO), mad~> up in T,cH"ke's -;olulion ai,d 
~olution 2 cont ained 12 ]Wr <·ent. form:tlin, also mndt> up in Lol'l;p', 
-;o]ution. Both solutions were adjus tPcl tn a pH of i·-L and l;ept at a 
tc•nmer:tiure of :~!)° C. 1\'hih• in usf'. ' l' lw hloorl IYa,; fi rs t mixed with 
tlw ·urutral red solution, and 1he ollwr solution "'"" fl1e11 add"cl- thP 
whitr <·I'll~ tnkf! up the neutral rNl. ,·, lwn•a '> il1e r<>d <'I'll;; do llot. 

,\c·conling- to Sha"· (lD:IO), Blain 's m~>lhod whPtl appliPd to 
hnntan blood giYPs rPsnlts 20 to ;\() ]JPI' cent. llP low tho;;e ohtainP<l 
II.v the :H·Pi il' JnPtlio<l. Ohlson !1!);-:llj) :tbo foun<l lo\\·pr len<·o<·y[P 
<·ounts ll'itl1 this melhotl than wiilt thP othPrs which h<• fl·iPd, nncl i t 
se<•m,; ih:d it is r·hidly thP l.\' JIJj)hot· .\·tps 1\'hidt are O\'l' rlook<•d Ill· thi;; 

( 1\ T 1,• IITiter c·o nsulted th,• pui,Jic·ation ~ <·it~>d h.'· Shaw. \\'arthin does 
not ddi 111tel~· ~tate th;~t h{' ~~ ~ed a n indirP<·t mdhod, for h!' me r<o>ly n•mark~: 
" Tois~o n.; solutiou was found to lw th<' 111ost sati~ fac·torv fo r thP hlood 
l'ounting. '' SC"hmeis~e r ~ tntos that he t·ouutNl t,he l<o>ucol'ytes b~· the iudirect 
nwthod , hut hP l!ive>. no particul :: r~ about rhe mt•thod nor nn,,· ref!'rem·c. 
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m ethod. It woul•l :.~bo appent that Blain included the thrombol"ytes 
eitlwr iu the rl'd cl'll or Hw wh~tP l"dl count, si nce ht> dot>,, no t mention 
these and, in a further commu11ication (1928) alrt>ady referred lo, ht> 
state,.; that he itlentified no structures in u,·i an blood corresponding to 
the blood pla tt>lels ot nwmm:1ls. 

<'out f:'s (1928) ret·{J ll llllend,; the <:olntiou,.; \Yhil"h \V"r io·ht :11ll1 
Kinnicnt (Ulll ) ll"ed for •·omttiHg· platelPb .in hnmau h l m;~l. '1\m 
soi ni ions <In' Plllplo~' ed: Solution 1 contains 1 g-m. brillian t crf:'s.vl 
blue i11 :JOO r.c. di,-tillP<l water, a11rl ~olntion 2 contain,; 1 gm. 
pohlso;iu;l! cyanide in 1,400 c·.c. rli,;lilled \\"ater. Equal part~ of the 
hn1 ~olutious arf:' mixf:'d ;md filtere<l immediatelY lwfore u..,e and llw 
rP~ulling· solution conslit uir,.: the <liluting- flt;irl. \Viih ;;uhduccl 
illumiuntion. the lt>ucocy1Ps are "ai<l to refmet tht> light in such a 
m:mnl'r ns to rendt>r direr·l counting pos,ible. 

Ohlson (1935) found the method unsatisfactory, as the dit-~tinchon 
was not well markN1 betwern the lhromhoe\·i<',.; and t!JP small 
l.nn phGc:ytes. · 

1\ye,.; (Hl2!:!) recontmentlPd a 2 per cent. ,;oluLiou of o"mic acid to 
rliminate the pos:;ibility of re<l cPll haemolysis ancl consequent 
liberation Q£ nuclei. 

( )]tl~on (19:\1)) state" that there i:; a dang-Pr, in this method, of 
injury to the cornea of ihr oh~ene1·, and thnt no particular adYautag-p,.; 
were apparent iu the triab made. 

Forkner ( HJ2~)) ust>d a diluting finid, containing· 2f'l mg. nPntnd 
rP1l i n 100 c.e. of O·f) per cent, sodium chloride ~o lution, and stales 
ih<1t ilw polymorphonuclear gmnulocyti1· cell,; and the monoc.\'it>s can 
e;lsil,- he difterenhaird from the (Jtht>l' eells; the rrd cf:'lls "·ith li tt le 
or nc; hat>mog-lobin, thP i hrom bo<·.de,.; and ilw b"mphocyte,.; remaini11g 
almo::;t entirely un;;tainerl. 'l'he proportion of granulocyte!' ;md 
JllOUO<'.dt>s i~ tl1en 1letennined from a hloo<l smear, and the total 
lt>u~o~·.de r·om1 t is <·n lc-ulnted. 

\VisemaJJ (Hl:)() ) :·datrs that ,,·iih Fotkuer's methcd the <lifl'e ren,·e 
i:. st:1in iru.:· intensity of the monoe:\'trs frequently O<'l·aswn~ 
im1eeuracir~ through i he missing of inrliYiclual cells, aud tha i 
diluting fluids, which do not contain a fixatiYe, oftpn fail to ]H'f•serYe 
thP er:dhroc·.des intact. Cook an<l Dear;;tyne (HJ:~4) 1.1sNl th is 
method, hut made no comment on its efficacy. 

Kozma (1929) also 1·on niNl all three t.1·pe,.; of crll~ i n thr 
cou nting l'hamher, u si ng tiw follcl\\'ing solution: Sodium eitrate o.;.~ 
gm., ammonium oxalate 0·1 gm., cli~tilled watf'l' 100. 'ro thi :-; 
solution i:-; adrlerl R c·.c. of n nn r per cf'nt. solution of eosin a n rl 4 
c·.c. of a OJH' per cent. trypanhlue solution, ancl staining- of the hl()(nl 
is alloll'ed for 00 minutes hrfon• c·oun ting i s ('Ommeneed. 

In Mba,,~·, ( 1!):~() ) method, 2 ;;ol ution:-. <ll'f' nsecl. K Htnlwr l 
coniainR 2!1 mg. neutJul red (lhuhlt•r), 0·9 gm. ~odium l·hlori1le a11ci 
100 1·.c. 1listillecl ,,·ater. ~umher 2 solution !'Ontains 12 lll!.l'. <'l'Yshd 
violrt. :~- 8 gm. :>o<lium citrate, 0·4 c.c. formnldeb~·de :mrl 100. c.c·. 
distillrd water. Hoth solutions are filtered anrl lwatr<l to 107° F. , 
the pipette is hnlf fillerl "·ith Xo. 1 solution nnrl then fi lle<l with 
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solution No. 2. Shnw's obserntions "'ere made on Homer p1geons, 
and all tlw cellular elements IYere different iated by their ~taining 
reaction,; in tlle diluting fluid. 

Palmer and Biely (1935) consider Shaw's meth od satisfactory 
for the enum«>ration of the leuco<·ytes in fowl blood , but 1Jhbo;1 
(19:1;)) i;; of opinion that it is no easier to disiinguish the tlnombo­
cytes hy thi,; method tlwu .in Blain's or 'J'oisson's solution. Howt>Yer, 
l{r doe~ I10t ;;tate i o \Yhat «>xtent he umsiden; the discrimiuatio11 of 
l he thrombocytes possible b.v Blain's method or in Toisson's ~o lution, 
hut Sha11' hilllself thi11ks that the thrombocYte~; cannot he 
disting-ui;:hPd "-ith certaiu1~- hom l~·mphocytes in 'I'oisRon·;; :;oluiion 
and according to Forkner (1929) t h e thromhol:ytes may be r-onfnsPd 
with the l_ymphol:ytes i11 Blain's method. 

VVi~elll:lll (H):)() ) recomnwnds tlw use of n soln lion haYing th!' 
follmYing formula: 95 c.<'. Hinger's solution, f) c.e. formalin an(l 
50 lllg'. phloxine. Th is ~o]ution stains the grannloeyt es a brig-h t red 
m c·onlra.,t "-it h thP oth<-'r cells IYhirh stain mur·h less hrilliantl~--

The total 1<-'ucocyte count is t-hPn obtainet1 hv calnJlation of the 
pert;entag-e of these ~-ells in the differPntial coun' t. \Vi.~eman ;.;tates 
that maximum staining is obtained withiu one hour, but sugg-ests 
that "-here tinw is not a factor of importance le~s phloxine shoulrl 
he used a::; more dilute solutions W mg-. <lYe in 100 t•.e. O<olntion) stain 
the g-ranuloc-ytes a lmost specificall_v and the contrast is then at its 
best, hnt then n time intPrnll of at least ;~ hours is required. 

1tagut h and Ilig-1--!·i ns ( 19:~4-) con ~icler that in uo11e of the dirc~c-r 
methods are the leurocdes stained in ;;m·h a manner as to he alwny:;; 
disting-uislJ,tlJle from tl1e erythroc:ytcs. -

Emmel (Ul3fJ) eounte<l the \Yhite cells i ll a 0-i:FJ per cent. --;odium 
l'hloridr wlution tinted with genti:1n violet, hut he sa~·s: ·· rl'here 
is oftt>n clifficulty in clifferentiating- thr lymphoid precursor:; of 
erythrocytes, young- erythroc.des nn<l oct·asionally ba sophilic 
t:•rytlu-ohlasts when rmm1ing- er~·ihrocytes and leucocyt«>s 111 tl1e sn me 
cham her." 

Fro!ll t hi s re,·iew of lhc mdhou;; <Hhoc·<de<l for a1·inn lruccw_ytP 
counting, it will be evident that, as there is 110 una nimity of opinion 
nhn11t tlwm. the wr·iter hnd to select one most suihthle acl'ordir,g· to 
hi~ 0\1-n ohsenations. After tr_ying them all, he reachrtl the 
following- ,-onelusion : By noue of thr direct metho<l"" 1·ould the 
agmnuloc·ytes in ostrich blood lw :-;atisfadoril~- <listing-ui:-d1f'd in 
ihe nnmting- 1·hnmher from ba~ophil er_vthrohlnst~. free re<l cell 
nm·]pj o r from the t.lnombol:ytes. 

The metbocl;; of Blain aud Shaw are also impmetirahle when 
tou nt~ IHl\"t' to lw madr from acinlt ostr idtrs " -h ich <·annot h e brought 
into or Yery near a lnhoralory, for the <liluting- fluids haYe to he at 
body tc·mpNn1 ure whPu mixed with the blood a11d when count~ arE> 
heiug- marlf'. When the bloorl has to be rollrdPd eight miles a'n1y 
from thP laboratory, as hafl to he <1one in thi~ <·ase-for there 1n•re no 
facilities for keeping- thr osh-iehes nenrer - it i~ wry diffi cult to 
conform to such condition s. 
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The writer',; ohse n ·atious on the couuting of the leuco(·.des of 
ostridt blood in Forkn er's solut ion coin<· ide with "\Yi sernan 's on fow l 
blood . 

\Y i~ema n 's solution i ;. pn•ferrerl for IC'tH'oeyte t"ou nting in o,-: trich 
!.loo<l for llw followiJJg J·ea,;ons: The gra nules in the g-ra nu l()(·,rtl's 
stn in in su(· h a di ,:t indin• lll:tl!llt>l·, tha t these <·e lls <·tlfl be readil,\' 
irlent-ified. Thi s <"on nling fluid is purti <"ularly su itabl P l'or (·t:nntiu g 
white cells in ost r ic h blood , s ince ost ri<·h blood ('onlaius a hi g h 
pen·en lage of g-rnnulo<·yles. The celb a1·e sla i ~~t•d salis fa(·torily 
w i l hin a s horl time an <l t lwy a 1 e prt>sen ed for :1 I on g ti me. CnmtT;; 
made week;; lutt>r agreed, within limib of <·otmting- l' JTors, 1\' i th t ho~e 
lll<t<le ~h ort l,\· after mixing . Th e l'Ounts ca n , th t' l'f' fore , hE· mad!' al 
]Pi,.:ure a t any ('OII Yf'nient l imP. Sinl'e the :<taining· qualities of tlw 
solu tion do not detPri orate , i t <·an he prepare(] i n large <]U:Intity if 
the bottle is kf' pt well <·orked--io JH'e,·ent Ha porat ion of tllf• 
forma lin - ~tn tl shakrn eYery tirne hrfor\' u~e. 

Ohbon ( HJ:FJ). who madt- a r·omparati ,·e st lHI.'· (on fowl hloo11) of 
vari ollS nwthorls in onh-1· to ~·augp tl tE'i r :w<·nnH·.'· for hoth <•ryt hror·:-.·tp 
and lenc·or·,·tl:' r·ou n i~. fo uud t ha t Blain's nwth ocl ~·ave the lll\l~t 
I'O il "isrent ·,·f'stdt ~ fo r Jeu('O(':V((',.:, vVis(' lllUJI·s mdhr,rl !wing· phH·f'tl 
!hir,J. lie LlYOUJ'S \\'i senw u' s so lut ion whC'n deal ing " ·ilh 
patholog-ic·nl hlood, stati ng that all the cli n•!'l n!el ho<l,; faile,] ,,·ith thP 
hloorl of an prdhrolr tH·oti<· <·hie-ken the imma ture eJ'Yilll·on·t<',.: 
!wing- !'On fust>cl ,;·i th IPur·o<·:-.·tes-v.·lwre<ts in \Vist> nt ~llt 's sol ution. all 
ih P haenwglohiu-hrflring <'C' II s art> s! :ti nPrl i11 a c·haradt'ri sti<· 
ma nner: also that \Visf'man',., l<·chnique ga,·e !he loll·,·st r·oPHi<' ieut of 
Ya ti ;ttion in !he erYthroeYte I'OIJilts ancl that it .-howell a tt-ndenn· to 
g ivE' hig·hl'r red ('~ll r·ot;Jd:<. H e also rt-marks : ·· .\n Pxplanntion 
tor the (pndf' ncy ol' thP \VisPmau method to g il'l· hig·hpr Pl'.\·th m <" .dt' 
:nrclleucoc·yl(• value::; is lac·k ing· . ThP eryt hrol'yl t-s are fix<•cl a ncl mmt> 
cli :'tincth· ~ t ainerl than with thr ot hPr ll l<' lhnrk" (The ll'riter H:.;ed 
\\'iselllail',., ,;olution as diluen t for Prd hroleu<·otir• f'tl\d blood l>ut alf'o 
in this o;olution h:H'II IO<·ytohl nl"ts a;1cl ha~oph il (•J·.d hrohb~t~ l'Oulrl 
not bt- ditl'Pn'nliaird from non-g-rnnubr IPu<·oc·y tes.) 

"\Y i<t' IIHI.U·s ,;ol ntion wa~ \l~t-<1 in n1aking hoth ibe erythro(':-.·te 
and t ht> lruc ·'"JP,\'IP r·mJ nt-;, hut the solu tion \Ya,; ~li ghtly nJodified h.\· 
,..uh,;tihJ! ing· 0 ·!) per <·rnt. sorlium ,·ldori<lr solution <·outaining· :20 
gm. SOllin m lJi<·:.lJ'hon :de prr lOO c.<'. l'or R ingc• r 's soluti on. The 
moclifl<!cl \Yi st>man <lilutirw flu i<l, thNI'f'oJ·p, ha s ih<' l'ollnwin~· 
formula: Jl hloxinr .)0 mg .. ~odium biearhonall' :W mg., sn<linm 
(' hlo ri<l~> 0·!) lllg'., foJmflli t~ :) l'.l·., cli,;lillt'c1 \\·a(Pr !):) <·.r·. 

'l'hi s ,,o]ution proYe<l ns ~atisfador,\· as t l1nt t·nn!a inin g Hinger's 
sol ution ancl it~ prl'paration Pnta iled lrss wo!·k. (L oc·ke's solutifm is 
isotnnie for O'itrieh blood and in Wis!'nwn's >'Olu tinn it i-; al;;o a 
~ui t nhl <' subst it ut e for Ring-er's soluti on) . Rtnining- \\·a,; ;ll lo\\·ecl 
for at h•nst one hour before t lw crl l::, were' cou n lecl. lt is po~sihl f' io 
l'P<·oo·nize un~tninP<l "Ta tJUlO<·YIPo; but <·onn t ino· i~ o·J'f'at lv fa ('ili tatE·d 
whe~ the c·el ls arl' w;ll stained. ' ~ "' · 

Turh irlit~· may a ppear in an ol<l Rample of diluent , hnt this <·an 
hE:> f'a,.i l:-.· remow<l by adding n Rm all quantity of sodium hil'nrhonn le. 
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A difticulty with all the methods is that solutions ,;uflil'ieutly 
eoncen trated to preclude a large counting error cannot he used. 
'Vith all t h e methods th e erythrocytes are preserved and when the 
red. cell co unt is somewhat high it i s necessary to n~e dilu tions of 1 
in 200. 

llowever, in normal ostrich b lood-though t he red celL; are 
comparati,·ely lar ge-(·otmts can be made wih ea~e in dilutions of 1 
in 100. D ilu tion" of 1 in 00 are also suitable but i t was c ustomary 
a l so to count th e red cell s in the sam e duunher and in thi s concentra­
tion accura((• co unting is tlifheult and , if prolon ged, a ~eYere st rain 
On the obserYer's eyes aH t he r·ells are then close tog et h ~;>r. Dut as 
ihe numHi(·al E:>rror resulta11t 011 muliiplieation i,; hahed hy using 
th f' 1 in :)() dilution it may be u se(l with ad,·antage when the 
inte n tion i s to count t h e g r anuloc:des onl y for t h e Pr ythrocytes are 
not so close together as to ohscn re t h e granuloc~·tes. 

It was c u stomarY alwavs to haYe readv for us(• a numhPr of 
bot tles each haYing a 'capaci(y of a little owr" 100 c.c. and conta iniug-
99 e.c. of the di luent. for the dilutions were effected hy u sing 1 c.c. 
blood to 99 (liluent. Only pipette,; a nd burettes WE'rE' u sed for whidt 
certificat<'l' of i\(TUr aeY h ad hren i~sut>d In· t he rnite<l States B ureau 
of Rtan rlard s . • . 

• \.nother <lra\\·had,, wl1id1 the writ e r hn~< not set:> ll nH' lltioned h.1· 
prE:>Yious IYorkPr s, is the markrd il:'nden<".l" which tl1 e lenco(·_\tes- hoth 
in ostric-h blood n nrl also i n fo"· l blood-show to dump after the blood 
hns been dntwn. The intt>ntion at first was t.o collE:>d t he ost ri e h 
blood in a n a n ti<·<mg-ulant nnd to mak(• the s uhsettuent dilutions when 
l"Onwnient , as Neser ( HJ2:~ ) did. But it wa s fo und that, unless the 
blood is m i xE:>d with th<> diluting- fluid immediately after it has been 
drawn, clnmping of thr "·hitE:> rr lls a 11d parti('ularly of t h t:> 
h<>teroph ill:'s is so m arke<l a,; to Yitiatl:' the count; a,; many as 20 m· 
more l e ucocy(es may be together, n~ually intermixt><l with thrum· 
hot·ytt>s. vVlwn th e m ixing takr::: pl a(·e immedi atrly after the blood 
has been rlra11·n. clumping is usuall~- ahst>ut or only slig ht. 

The best results 11·PrP ohtninerl whPn n re<l cell pipette was nsrd, 
for tlwn t he ir.t e rYal hetwet•n thE:> rlrawi11 g of the hloo<l and thE:> mixi ng­
"·a~ redw·ed to a minimum, hut us i11 g- a pipe tte on lhP intradahle 
ostri("h is u sually ~o difii<-nlt tbat i t liiH_I" he con,;idere<l impractica blP. 

1 t IYa :< a,.;c·t>rtninP<l t hat dnmping 11·ill tnkt' pia<-!:' also in fowl 
bl ood if there is some dt>lay in filling· the pipetiP, or if tb e bl cod is 
first re<-eived into <111 anti-coaqula nt. }!nny dilutin g fluids hesid<.>s 
" -isPmnn' ,; a n<l '\\"i,;em an's (modified) were tri ed, name !~-, H a.\·Pm's. 
' l 'o i ~<son' s, ' l'yrod~;> 's , L o<·ke's, R inger's, 0·!) per r-ent. ,;o<l imn ch loride 
and a l so tlu• hint' s own plasma, hut dump i11g- was no lt>ss m arkP<l in 
any of them. 

ThP bottlE:> con taining· tl1e hloo(l and the <liluting- fluid wa~ 
u,;ualh· ;;;hakc>n for about t hrE:>P minu tes befon' the fluid wa,.; 
ird I"O(l"uced ini o the r·ham hPr, hut even shn king for longer periods h ad 
no effPd in reduc-ing t lw clum ping; on t h e contr a r y it often incrE:>as('(l 
it. Th e flni(l wns also sha ken with heads, but this abo proYed 
in PifPcti.ve. "Blood , allo\\·ecl to stand for half an hour, \\'as added to a 
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THE BLOOJ) OF TilE OSTHJ Cll. 

1 per cent. solution of acetic a('id, hut clumping was marked. 
Humau, equine and boYiue blood , similarly (rPated, did not ::;ho"· 
agglutinntion, so that thi:-; quality seems lobe c· hantderisti<' onls· of 
nYian blood. 

All tlw autico;1gulants JlH'ntio1wcl uudpr ·· Pren•utiug· ('ouguln­
t!ou c.t· the J\lood ., wen• tried but " ·itlwut snec·t>s:-; in oYercomiug this 
di sach·<t1dage. 'rhe mixing hncl, tht>refore, to lw al\\'n~·, ma;le ut the 
pl:H·t> of hleP,Jing. '\Vhen only the n •d cPlh; han' to bt· c·uunted lbe 
blood nm ,\· lw dilm ecl hours lait'r if kt·pt eool in tlw interim. 

Forkner ( I!J2!)) lllt'Utious the rapidity \Yith whid1 coagulation 
takt•s pLll'e iu the blood of the fo\\'l as ont• of tlH• difli<'uliies in 
sPc·uri ng· an ncc·ura(e cou.11l of fhr wl1itt· c<'lls. 'l'hc· w1·i!Pr Pxperi enc·ed 
110 clillieulty in filling the pipettes when making t·tntnts of fo\1·1 blood , 
as the blood Jle,·er eoagulnted la·fon• it could h<' propPrly dilute<i. hut 
it '"''~ ohsen·t><1 that , \\'ht>n the dilution o f fo\\'l blood did not ia kp 
plal'e intm edini PI~· . rlumping was at time.- also marked. ] t ma,\· h:we 
lwl'n thiR that wa s rt>spo nsibll' for thP diffi c·nlty whic·h Forkner 
P:~qwriPn<·ed, 1·ather tbnn that fo"·l hloocl !'oag-ulaies too ~0011. 

At tir,;t a HurkN nounting- rh:unher \\·a~ userl, hut lntPr it "·as 
n•pl:H:ed by n Lt>Y,\·-Hausser c·ot111ting charuh<' r , p:uaraniPPcl to be 
within t he tolPr:lnrt> for necnnHT established \)\· llw ~uited Ri::ltes 
BnrPatl of Standards. 'l'hi~ <·c;unil'!', \\'hi<"h ·j., n•<·omnwndt>d h:-· 
K olnwr and Hoenwr ( lH:H), has ft>atures \\'bieh make count ing much 
ea~ipr· and whi rh an· nol found with somp othPl' c·ou1ders. 

'rhe total numbr 1· of gntnulo('_vtPs in at lt>a,.;t four of 1 he entire 
rule<l :1n•ns, Yir. .. in !)·(j c·.nun. of the mixturt>, was nhnty>' f'OUHted 
<tnd so WPl'e all ill<> red cells in nt lf'ast 0·12 <·. mnl. E no rs due to 
smallnt>ss of sampl t>,; \\·en• thus reduet>d to a minimum. 'l'he c·ou111inp: 
of the reel <:ells was sprt>ad OYt'r four of the entirP rull'cl <ll'Pa,.;, tlw 
hnl reeta ngular arPas, t>a<'h mf'a:mri n!.\· :~ mm. x 0·05 mn1. nncl nossing 
<J:t('h otht>r in t he c·E>ntr<' of tlw rulPcl area, being usPd, i.t>., t lw r·Pll" 
in 0·0~~ f'. llllll. of tlw 1uixtun> \\'t'l'e <·otudecl in each chamber. Tn 
this way a better aYerag<' eount f'he<·k \\·as t•n:-;ured. 

Th(• <lifferPHL'e between 2 st>ts of red cell counts tl111s mntl P st'ldolll 
Yaried hy mol'l' than !j per c·ent. bul clifh>ren ct>:; up to 10 per <·eut. 
wE>re noted in ,;pitP of the nlmost eare in making- tlw prt>parationR as 
recommended hy Xeser (H)2:3) and ot hers to ensure ur·c·uratf' r·uunting. 
)farkt>d diftt>reiH'e" wen• somrtinws obtnint'd wht>H smallt'r sa mples 
11·err countt>cl o1· "·ht•n th r <"01lnt wns sprrad on•r h\·o ruled urt>as onl~· . 

All t hP diluting· fluid s lll<'lltionPd on pag·e .J.j!) werf' tried to see 
wlwther more rt'~orulnr <li stribution of tlH' red ('t•lh could lw oh tn in f'Cl 
hut none of ih t• n• JH'OYl'd 1o lw hPtiPr t han the diltwnt used. 

Xe.-er 's me(hocl of using <Ill or<linary pipdt<• dra1ut from gla~s 
t uhing for filling tlw counting chamher was adopted for osiric·h blood. 
The point should bP ('Ut in sut"h a way thnt th t> fluid fio\\'s rPnrli ly iu 
bet \\'een the hnl t'HrfaC"es hut " ·it bout fl ooding Ill<' ('hamhE'l' wlH·n the 
forPfinger i:< slight! ~· withclra\\'n from the upper end of the pipette. 

It \nls founcl most C'Oil\·enieul to use a G x ontln1· and <111 8 mm. 
lens nnd a sl rong whitl' light for illumination. 
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THE BLOOD Ol:' THE OSTRICH. 

The leu(·ocyte cells coun ts are given 1 n 'l'a Illes 3-10 and a 
statistica l nnnln;is of the dnla is shown i11 Table 1!). 'l'he results 
show tl~at thP n;ean leuco1·yte count of all the re:mlts from the norlllal 
birds (1 -fi) was 21,050 ± 419 with a range of 1::? ,:~26 t o !j:l,:n:-3 
(standard deYiation a,482; coeffi(·ient of Yariabilily 1G·5 per rent.) . 

It will he seen thai the I'OPffieiPnt of variabilit,\· is much higher 
than that l'or the erythro<"yll•s. Palmer aud Biely ( 19:35), who made 
l eucoc.\'l.e c·onnf s of 100 normal H.C. while Leg horn ht-ns , r t-ported a 
eoefficienl of '\'ariability of 20·77, while, accordiug to th ese writers, 
lhe lenl'oe.de rounts made h~· Cook nnd Drarst~· Jip ( l!J!H) on jij nonnal 
Hhode l ;;L111d Heel nn1l HarrPill'lYmouth H ock fowb .~how a roefli('iPnt 
of variability of 55· 09. . 

The average leucocyte I'IHIIlt for hinl Xo. (j is I'OmpnratiYely hig·h 
aiHl so is I he coefficient of nriahilih· of the re~ ult s from this bird. 
It would, lh t- refore, appear that the ' leucocyte count was alfedell h.,. 
the (lefed from whi(·h thP hi 1 d snftered. 

'l'he rliniealh· lwalt ln· bird::; (7- 11) :;lwwed a mean letti 'O(·\· te 
eouut whi('h is sig·uifiran tl~- lower than that of Ill (-' normal bird~ ,;nd 
the coefficient of variabilit~· of their cunni,; i~ 1·omparntin·ly hifrll. 
The re~ults from th(-' \\'Ol'll l-in fesled binb (18-2~) flu1 ·tuate I'OllSiliPr­

ably ht' IWPt'n the fig-ures 8,Ci!.J7 and 30,0:38. 

As in th e ease of the en·throC'Yte count~, ihE' leucoryh• r·ou n ts 
rannot he <·onelated with ihP ·age or' tl1e sex of the birds. · 

Ha.,·em (1~79) recorded for the ostri<·h a leueoeyte l'ounl of 
9,000 per e.mm .. (Table 1). 

lhFVEltESTT.U, Col::\TS. 

Tn 1 h e differential cotwts al h·a l3t 40U celb were abnl\·s cmmted 
in eacl1 ta:se nnd lhe eounfs were recordell on sheet,; as we'i'e usPil bY 
Neser (1920). · 

Tabl (;' :W :s ho,,·s s ixtet•n tlifterential counts. These " ·ere ohtained 
from the samP ,;mear prepared from ostrieh blood by conntiu~ 100 
l eu1·ocdes each time. A staiisti('al analYsis of these count s "·hich 
can be rPgnrcled as l~· pital g-iYes t he follo~,·ing restllts for Pxamplt> in 
!'Pspel'l of fhP lymphoeytrR H.Jl<l the heterophil<•;;: B,· counting 100, 
200, :{()() t~nd 400 leucoc.vtes the ehancPs art> 20: I that the errorR 
as~ol'iatrd wilh the lymphoeyte c·otlllfs are J<•spPdi,·ely 8·0, G·l, 4 ·() 
an1l 4 ·ll; I hP P JTOJ'S assol' iatt>d with I he lwteroph ilt• c·ounts are respe(·­
tinly 11 ·2 , 8·0, G·4 and 5 ·(3. It is Hillent that hy eountin~· ..t-00 
leul'ocyles , fairly af'I'Urate results may be t>xpP<·Iflrl. 

The difl'PrPntial count:; we1·e alway::; lllade YPrii<:allY across thP 
smear, ancl an Ehrlich eyP-pie\'e was· ust>d for limi1iJ;g- the fielcl, 
thu s r end eri ng eritil'al ob~en·ation of the cell s at thf- edge,: of the 
fi eld pofl~ihle. 

'l'h L· cliflerential l'nnnt;; are tabulated in Table:> 3-10 aud 
,;tati,;hcnl analYsPs are s lu,wn in Tnhle.- 21-~5. Examination of the 
re,.,ults s h•)\\'S t'hat thP l.nnpho<·.dfl eounts of the nonnal bircls (l-5) 
Yaried fn1111 19 ·2 to :n·O pPl' <"ent.. a\·emg·ing :2(i·B ± 0·5 per cent. 
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0. 'f. DE YJLLlYRS. 

(staudanl deYiation -!·1; coefli.cieut uf nr[nbil[ty 15·3 per cent. ) . 
The aYen1g-e l~·mpho("yte couut of birds 1-6 is signific-mJtl.Y hig-her 
than that of birds 7-17. 

'fAJU"E 20 . 
lJi.fjn·ential rnunt.\ from .~a m e Smenr l"·epn1·erl fmm Ostrith Blood. 

Lymphoe.\'!PH. )[onor·_,·tes. Heter-oph il0s. I Eosinophilf's. Bto sophik~. 

- -

% % % % % 
:31 :; 46 7 II 
38 i 4l 4 10 
:32 .. 47 3 13 
:l6 l ~') 7 14 
28 :3 5•) 6 11 
26 .) .)6 6 7 
28 l .)!) .:; 7 
27 .) i).) :; 8 
20 4 61 4 ]] 

30 4 4!) 8 9 
26 3 .)6 G f~ 

22 .) .~!) II 3 
30 () 4.") 8 ll 
:W .) 48 I l7 
32 2 46 .; ] .) 

Z.> .) ;;:l 7 10 

A,· . tB·l -~. 1 .H·i'i f>·7 10·3 
------ ---

The mouo1·\"te eonnts of all tbe retw lt~ from bin!~ 1-0 varied 
hom U·i) to H·~ ver <·c•nt., ~~~·erag-ing- ~1-0 ± 0·:) pt-r cent. (;;hut rlanl 
tieYintiou 1·2: coefticil-'nt of Y:triahihty 40 ·0 per t·ent.). Though 
the cou nt,; Hho11· high ,-arinbili t _,. thl-' UYPrag·e;; do not d ifter nnH·h. 

The hde1·onhile (·ounb .~ hoiY!l lw bird,; 1-.j ym·ie1l hom 4U·6 
tu 78·5 per c;t=>nt .. <ll"<•rag-ing· ,-J9·L±O·lJ per l'.:nt. (~hmdanl rlPYi!"ltioll 
1·7: coetfi<·iPnt of Y:u·iabilit,y 1;~-0 per c·ent.). 'l'hi~ <1\'f'l':lg·e d iller~ 
appreciably fnom th:1t nhtainerl wil"11 tilf' rt>snH,; from hird ~ " - G 
,tnd from the a1·crng-e sho1ut by binh 7 to 17. 

Tht> eosiuoJJhile CPUilb of hinls 1-5 Yari cd fru111 0 to 19·!) per 
l't·ni., aYf:'l"<l~("ing- ()-:l ± O·.j pe1· CPnl. (sta ndnnl <lnia lion 4·0; 
coetlicit>nt of variability (i:)-:'"J per r·t' nt .). '.l'hP~P crlls shnw the 
hig iw:;{ varia bilil~· . 

'l'he f\l' f>mges for birds 5 and G <lrP ex('P]ltionally lm1· while the 
:lYPrng-e fig-ure for binls 7-17 is exceptionally high ('Oill]Jafe(l wi th t lw 
menn count sh01m by birds l-6 . A , stated on page 429 it is most 
lil;elv that nll the hircl,; K os. 7-17 were wor111-infested ntH1 thP hig·h 
eo:>i1~ophile t·ounts of tiJr>~H' binls mn_,. poss ibl~, he correlated wi.lh 
H!rrniuosis; ho11·ewr, some of the \YOl'm-infested binls (18-22) sli OIYed 
(·ompand ivel)· low eoRinophile <·ounb. 

The lJa;;ophill' courds of birds 1-f"l nrieJ from 1 ·0 to 10· 5 JH'I' 

l'f-•llt., nYerag:ing 4·7±0·;: per l'PIIL (:-tnndnn1 rlPYiaiinn 2·f>: 
Poeffi1·ient of Yariahilit.v 5!i·2 JWr cent.). 'l'l1is aYeragt> tloes not <l ifTer 
nppre('inhl~- from thnt shown hy binls 7-17. 'l'llf' fp11· rlill'~renhal 
counts on ihP- IYorm-infestNl hirds (IR-22) 11·ere most enatir·. 
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0. T. OE VILLJEJIS. 

'l'ltromhocyte Counts. 

The thnnu hocdt>,; were eou11 ted by thE' method employtnl by 
)lag-nth a11d flig·~in ,; (19:~4). Thl' ratio betwet>n t hPse a11<l thP 
letwoede, "a-; computed from the tntmlwr of thrombOI',Ytes 
enuntl;ratell t:>;H·h timE> ~00 leucor·~·t ,,s ,,·pre eon n tC'd in the ~nwnr. 

A,; tbe thromho<·\"(p,; an· Ycry UllP\·enh di st ributed thE> ratio 
obtained is only app1:oximate, eYe.n wh en 200 leu<·oc·ytes h:n-e l:ei'JI 
counted. Th t> method i:; fur from sntisLwtorv but th ere iti no better 
method of ohtnininp· total tbnnnhol'_vte connl,; of ostril'h blood. 

'l'he tount::; are li,.-;(p<] in 'rabl e,; ;J-10 a nd stGtistil·n l de tPrlllinntions 
ate ginm i n Table 2G. The 1·e~mlb from thP normnl hirds (1-5) ranged 
bnm :!,-1iK to 2tl.O~!i, averag-ing 10,:')21 ± -1:2i (standard dt>viution 
:i,;,..j.r); coC'ffil'il'llt of Yarinbiiity :\:l·(i per c·eut. ) . The mtmberR of 
thtomboe~tPs :~nd leueoeytC's staad in a ratio of nhont 1 to 2. 

[\] pineb"rgPr and ('arl (1!)1:!) rPconl n thromi:o<'.dt> coun t of 
22,000 to 1:10.000 per C . llllll. for the fo"·l whiiP neconlinp: to Frit;-;ch 
(1920 ), cifl•<l h_,. "Wirth (1!)01), fowl blood I'Ont::tius ,·pr y few throm­
bo•·\'it:>s, nnd Hhin (1H~8), as alrt>:Hly stated, nppa t·t> ntl~· dill not <iN' 

an~·. )fag-H ill nn d Riggin -; ( JD:1-I) reportPd for tlH· cluek an avPrage 
t lnomhontl' c·ontd of :w,70G ± iO:l with a cot>ftiPient of Ya tinbii it.v of 
:1~ pl'r r·ent. HHyem (1K19 :llld 1KS9) 1·ecordt>d (·ouub of 11,.)00 and 
Jl ,(i()O for the ostril'h. [t will lw ~ee n that these fignres cn111e ,·rry 
near 10 tht> an•rages obtained by the \niter. 

YIS('OS TT'\'. 

He~s · ,; Yis<·osimeter ,,.a,., used . Xaeg·el i (1921) and others givP a 
detailed fleHniption of the apparatltR. The readings listed in Table 
(21) ;t re thoRP of ritrnted blood hut tests ('arried out "·ith whole, 
citra t l'd, :t rHl lwparinisP<l blood ,.-; hoi\'Nl no sig-n ifica 11 t <lifteren\'eli. Tlw 
uecPssaJT cOITPct ions IH'l'<' made ,,.IH'n tests ,,.C'rl' <·onduded outside the 
temperature rnngP of 17° C.-2:~0 ('. in whil'lt thl' apparatm g-iYes 
Porred readings. 

1'he Yiscosity of the blood of thP Jtormal ostridtPS (1-5) n1ried 
from -1·0 to i")·O, "'ith au avPrng-1' of 4·!), the (·onesponding figures 
for thr plasma being 1 ·5 to 1 ·8 nnd J ·G. 

The results from the worm-infl'sted birds (18-2:2) are eolllJHHn ­
tiwl_v lo"·· ' l'h !-',.,t:> hi1·d,.; sho\\'ed ubo lm• erythrocyte I'OU.IIts (Table 10) 
and on post-mortem Pxnmination we rp found to be seYerely infested 
with worlll para sites. 

\Virth (1~):11), quoting· Kruger (1925), stall's that the Yis<·osit~· 
of fo\\'1 se rum is 1·4 and thnt of duck :-i<'l'll lll J ·24, bu t fip:u1·rs for 
a\·inn hlood o r plasma art' not giH'JI. 

8PE('[I'l(' G 'IU.VlTY. 

'L'he spP('tfic gr:w it.v was <let<'rntined at a tt>lll JH'rature of 150 C. 
w itl1 t hP use of a pycnometer. The blood nnd plnsrnn \Yere brought 
to t he Je-;irl'd temperature in :t tlwrmo<>tnt on Of·(·a-;ions ,,.h<'ll thl' 
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0. T . DE \'IJ.LIEHS. 

atmo.~pheric · Lemperaturt:> iu t hr room "·as not exartl_y 15° ('. H \\"ill 
be noted from the cleterminntions giYen i.n Table 28 tha t the spe<· ifie 
gnwit.\· of the blood of thr od rirh vr.ries fro m 1 ·0GO to 1·0G5, t he 
aYerage being- l ·(l()!i. ThP <"O ITP~pnncliug fig-ure,; for the plasma are 
1 · 021 to 1 ·024 no d J · 0~!2. 

,\t"conli11g to Kruger , riled hy \Yirt h (H):l l ), t he speeifi1· g-nn·i ty 
of t l1 e bloMl of tlw fowl is 1·00-J.!) an!l tha t of i ts st> I'U lll 1·0:!0'2. Tlw 
<.:OJTl':-\)Jo ll ding· fig·un's ns g·i \" en h.v hi 111 I" or tlw hlood a11d the :<er um 
of tht• !!oo,;r :lrP 1·0049 a nd 1 ·0?02- for the fluek l · lnG:1 nnd 1 ·0202 
and fm: tho g·ni nt:>a-fow] 1 ·0!>77 and 1 ·0214. 

\V idh (1!):H) giw,; a nnmbr1· of specific ~Ta ,·i t y deiermiuationR­
b\' Yurious \YOrkers- of tlw hloocl aml thf' ~(' fl!lll of a nm11hf' r of 
a~Jimals. 'l'h e :1\"f' r,Jgt- filr lll"P o1tain t>r1 for the hlond ol tb P oshid1 
excePd;; llH• awrng-e fig·urP~ list e1l hy W irth , tlw nParPsl to thP aYt·rngt> 
bein~· tlwt giwn lw Aug-,;buJt!t'r tU)HJ), Yiz . , l ·062 for thP hors('. 
(/t]H•r \\'Ol"kelf; , h O\\'E'Ye l' , gjyp JOWf'l" YHlUr~ for ( )H' horse. 

' L' .IBLE 21. 

17i.~ro.,ii.IJ !Jetenninotions.-.Yos. 1-,)-0striches r·hnically hNtlthy 
and found free j1·om rlisPo.,e nn Pod-mortem. E,?·amination. No. 
G- ns t rirh 1rith rlub-fnol. (See flll .qr>s -t?R-4-20.) .Yos. 18-22 
( 'nthrifty Osh·ich ('Ttids ll"hirh nn f>os i- IIIOt/1' 111 l•.:.raminaf/011 
shou·ed mn rlwd F erm inosis . 

l'.ird 0/umhl'L". nnte. Age. 

:\lont h~. D:\ys. 
I. .. ... .... . ........... ~ la l<'...... 30 II 3il I a 

1:? 12 :35 l:l 1:? 
:?-l 3 36 I (i :!~ 

_:__:"i /371_ 18 !) 

2.. . . . . . . . . . . . . . . . . . . . . }[a)(•.. .. . . i 1:! :3.; 
I:? 1:! H:; 
!) :; :36 

:?6 R :36 

:L... . .. .. .... .. ....... ~Lale ..... . i 1:? .,. 
<>·' 

!) 12 :l.) 
I ·> 12 3.) 
i !) :36 

-l. . . . . . . . .. . . . • . . . . . . . . I'Prnail' ... . :!!l II :J.) 
J t 1:! ;j ;, 
t-l1 :J1:w 
9( .)j 36 

.). . . . . . . . . . . . . • . . . . . . . . .i"l'mUI('.... l .ij ll ;).i 
:?0 II 35 
12 12 3.) 
7/ !l :J!i 

491 

-----
I;{ 7 
I H I :! 
18 !l 
:!I :!() 

1:{ 7 
I ;J 9 
J ;j 1:1 
~:! 7 

- --
J:! :!!) 
I :3 1:! 
Hi :!~ 
1>\ f) 

12 J.) 

It 20 
13 1:? 
i:l 7 

\ 'iseo· Visr·o. 
sitv sity 

mood. Plasma. 

-Hi 
-J- ·8 
-J-·7 I ·7 
-J-· 8 1 · i 

-J-·1 1·7 
-l·-l 1·6 
~·6 1·7 
·l<l 

-J- ·.) 
-J- ·2 1·6 
-J-·3 J ·6 
-J- ·!J I· 7 

-J- · 1 
4-:3 1·6 
4·6 J·;j 
-l ·6 l·G 

--- --
-l ·O 1· 7 
-J-·7 J ·8 
4·7 1·8 
.)·0 



TJll'~ DLOOD Ol' THE OSTHH'l l. 

T .\JILE 21- (continucd). 
·---

\ "isro- Vi~co-
Bil·d iiiumbrr. St>x. sitv 

Blood. 
8it v 

Plnsn1a. 

-!·.) 1·6 
-h) 1·6 

A veragc I. :! and 3... . . . . ;\lales... . . . I Months. \ 
Days. 

4·1\ 
.-\n•rag6 4 and 5......... 1-'emniPs... 

1 
=A=v_r~r>=tg=e=l==to=="=··=· -· ·~·=·=·=··~·-l----~~:-~=-----·,---------~--'~---=~= I ·6 

6... . .................. Female"... :W I I ;{:; I :2 :20 
29 

7 
1 

29/ 11 :35 12 
7 / 9, :36 22 
I 12 :l6 :2.3 

18 .................... . t.; ; a 136 ! 

19 ... ...... . .......... . 

:W ... . .....•.....•..... ·I 

19 3 36 4 

:!0 3 36 4 

21 . .................. . . ---1 22/ 3/ 36 4 

2:! ......... ..... .. . ... . 8 2 37 4 

------

'I'.IIILE 28. 

.')-.i 
4 · 1 I · 7 
ti· 4 1· 8 
4· 8 I ·7 

3·2 

2·3 

2·:3 

2·0 

3 · .) 

·"Jit'l'ijic Grurily n et PI"/11//I{I fi O/Is .- Ostl'il'h es clini("(lll.'} h ef/lthy 1//1(1 
j (lli!HI .fu·e ftom !Jisrusr on f>o .,t-.l!ort em 1-:.m iii//IOf ion . 

J~inl Knnber and Hex. L>ate. 

I :\Laic ........ 24 3 36 
ti 6 36 

2 :\La ic ..... • .. .. ...... !) ;) 36 

3 :\l aic ................ !) -~ 36 I ---- ---- --

-l Female .... • ..... . .. :!4 3 3fi 
:H I :J6 

.) F('male ...••• . ..... . 9 .') :J6 
271 f) 36 

A vernge 'Lalcs ......... 
Average Fema les ....... 
.·hcmge 1 to 

and F£>malt>s 
.5 Males 

==========- - = 
1 TempE'ra-

Age. 

:\lonths. l D~tys. 
16 2-l 
19 :; 

18 !) 

IS 9 

16 :!4 
J!) 3 

18 !) 

l!l 

ture at I 
whid1 

Spedfie 
Gra\"it\' 
Deter : 
min~d. 

If> c. 

.. ~ c. 

l.i c. 

] .i ('. 

1.~ c. 
15° c. 

Spc<'ifiC" 
Cmvit\· 
Bloocl·. 

1·064 
1·06.) 

1·060 

1·064 

I ·064 
1·066 

I ·Ofl2 
1·06:2 

1·063 
I ·063 
1·063 

Spe<'ific 
Gnn-itr 
Plasm~. 

1·0:!3 

1· 0:!2 

l·M3 

I · 021 

1·0:1:! 
I ·02 ~ 

1·022 
1·0:1:2 
1· 0:2:2 

---------
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0. T. DE YlLLTERS . 

l'imtGA NIC PnoSPHOltU s, CALCH' .\J , Som u1 , P oT.\ ssir ~~ .\ ~ D 
)f.-HiXESl l" l l. ( 

1
0.\'Tl-::\T. 

Theiler , Oreen , du 1'oit , and 'l t lw rs iu t he sent'~ of arti1·le,.; 
'' Studies ill :llineral ::\lelabolisn1 " 1927, el. seq. , June shO\\'tl that 
in many parts of !South Africa cattle and ,;heep sutfer fron1 nwrked 
aphosphorosis re:mltaHt on phosphorus defic:iene.'· in t hf:' pa stlll'f:'S a 1Hl 
that phosphorus fef:'diug- is an PsseJdia l factor in successful cattle 
and shel:'p farm ing. Jt ,.;pems, th f:' r f:' f'ore, thal phosphorus feeding- to 
ostrid1es grazing OYer areas \\·here oth er anilllals show aphospb orosis 
might pl'Ofitnhly be iJHe:-; tig-ated. :Malan (1930) bas shown th al phos­
phorus defi<·it;> n<·y , eYPn in thlo' t:'arlie•·l stap·es JIHl,\. be diag-nospc] by 
determining the inorgani<· phosphorus <·ontent of the hlood . 

.A, the o,triche,; Xos. 1 to 5 <·ould be reganlP<l a ~ Pnt irPly tn•P 
hom disea,;p all!.l as t hey ~dwa.\"s rt'• ·riq•d a lilwra l ,.; upply of hones 
ant! othPr ne('es,;ary foodst uff,; , tlwre was a gond opportunit.'· for 
obtaining· data whid1 mit;·ht r·ontrihute to\Yanl e~tablishin~· wh at 
leY" Is of pho~phorus a111l of l he ot lH•r mineral •'lttnlt'ld,.; ment ioup,] 
n hoYe ma ,. lw c·onsiderf:'<l uormal iu t he blood of l he osh il'l1. Blood 
analyses ~\· (;'rio', then-fore, JU:Hle front t he,.;e bi rds an d- for t he puqJOse 
of compari,;(ln - from bird Xo. G, and also from hir<ls (Kos. 7-17) 
grn,; ing- 011 natural past ure in tlw Hrednsdorp clistr il'l. 

The r·akin111 r·ontent wa,.;, detr· rm inecl part ie ulatly \\'ith tlw ohjPd 
ol ast:e rtaining· \Yhdher the prolong-ed t:ongulat ion timr ('(ndrl hP 
asso('iated with a lo\\' !'Hl<·imu ronlellt of the blood , h ut , as has heen 
shown undf:'r .. Coagulation of thP Blood''. this \Hndd nol appNu· to 
bP :'lO . 

The n11n lyses were <·; IITiP<l out uncle r the suppn·ision of Dr. "\. I. 
-:\Ia lan, Head of tl1 1:' Department of Bio-chemi sh ·,,·. Onderslepoort 
Lnhoralori t->s, l>returia, hy hi& staff. Thf:' methOtls ad ,·o<·aiPd hy 
)!alan a n•l Ya n dPr Ling·eu (l !J:H) \YPre employPd. Tlw \nitPr 
I'Olleded the blood, prer·i pi tat e<l lhe proteins aud forwarclP<l flw 
triehlorac·eti<" ;H·id filtrate to Ondp1·stepoort . 

'l'he rPsult s ;n·e ta huLdPd in 'l'ahle :29 and t he tollowing- are tlw 
aYerage va lm•s per 100 <'.1'. hloo<l of a ll the re,.;ults obtained fmm 
1he nol'lnal hinl,; (1-0). Iuorg-ani(' phosphorus !J · l ± O-:{ lllg'lll ., 

ta leium lO · l ± O· ..J. mg-u1 .. magnesi um 7·G ± 0·4 mg-m., ~o<li um 
2i a ·7 ± 1=3· 0 mg·m. ;111<1 pota .~si u111 1!Jn · li ± G·O Jllg' lll. 

The inorgan ic phosphorus l·onft>nt of tlw bloocl ol' all fin• hinl s 
was r· ompara li q·] ~· lo"· ou 2!J f7 j:{:), a1Hl it is not app;1rent why the~· 
sho"·ed rPla fi,·f:' h · lo\\ ,-alue,.; on t hat date. ,\t no time \\"a,; all Y 

alleratio11 111a rl<> 'iu thei r foorl and it does not Hl't> ll l a ,.; i f t he Y:llu ~s 
<·a n he n,;,;o<·i at Pd " ·ith t hf:'ir agl' , for hil'l l :Xo. (j at the ag-1:' of six 
lliOIIths and sixirE'll cla_\·s- h<>fore it lwrl sustaiHPd tlw injur~·-s ho\\·ed 
a hig-h er YaluP tha11 it <lid at the :1g'r' of n-ine lllouths all(l hn> 1bys . 
'!'he resu lt s a l'(•, ho\\·p,·r r, snggesti ,·e of u sensonal Yarintion. 

It wil l lw uoted that t he awrag-e Yalues of all til l:' aho,·e- u;lmPcl 
elemenb obtainf:'d from bircl Xo. 6 and t hose of inorg·anic· phosphorus 
and C'alc-i u111 ~h o"·n hY the result s from the d inil'alh hPalfhv h ircl s 
(7-li ) do not differ uppr(•eiahly from the m ean Yn.lues of 'all the 
results from hi rrls 1-5. 
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THE JJLOOD OF THE OSTR ICH. 

)f<.tlan (l!J:lU) rceorded for thE> ostrich a ~":dut> of ij · ft mgm. 
iuorga nie ph o~phorus per 100 c.<'. blood (Table I) and , ae<"onling- to 
this writPr. f<"d blood eoutain s 2 mgm. aud pigl·<>n blood L ·(i mg-lll. 
inorg·ani r· phosphoru~ per 1tJ0 C.t". blood. rud t> r the hPa<li ng· 
" Prnenting- ('oagulat io n of the Blood " the l"akiunt YaluP oht ai nPrl 
for the ost ri("h ha~ ;1lready h<>en refened to. 

)J agnt·~i unt , sodiunt and potas~iuw Yalues front olht•r bi rds wpn• 
not available, hut it is iutet·esting to note thal the potn,;sium l"ontent 
of os trir·h blood is h igh whPII C'OIIlpar l'd \Yith t hat of th l' hloorl of' 
somE' mamHtal -;. lhoene\\·a hl (19:).")) recorded an a\·er ag-1:' figurP of 
.i8 ·i lllg"IIJ. pot n,.;,.;ium pPr 100 <".<' . hcl\·ine hloorl, atlll the follo\\·ing·­
giYelt by ])ukes (1934 )- are pot nssi lllll va lues per 1()1)() pn r ts by WE'ig-l t t 
of hlnorl: Co\\· 0 ·407 . Shet•p 0·400, Uoat 0-:l!Hi. 

ToT.IL l3t.ooD \ 'ou.J ) tE. 

For determining tlw approximatt> amoun t of blood in thP ost rich 
fin .. atlult hinls were used. Xarcosis \\"as intlu ced bv thP adn tini strn­
tion of chloroform of \\"hich liO-RO c·.c·. \\·ere pome.d on cotton \Yool 
placed in u jar. .\ fter tlw rig-ht jug-ula r n~in hncl heen seYered, 
bleetliug co11tinued for about 4;-> mimtt es before death resultc1l. 

'l'be blood rema iuing iu t he lwart and large Yesseb-about 
.)()() I' .c .- wn,; n lso colleded. 

Tlw a Yer<lg'<' total hloo1l ,·olumt• wa s ,->.41Hi c.e. a nd i t-; weig-ht 
tonst itu ted 5 ·8 per ('ent. of t he awt·ng-E' body weight : (Table :{0). 

Hnl"lo"- ::\Hd Biskund ( 1!)~8), ci ted b.'· Dukes (10:1 7), fmmd thC' 
weight of t hE' bloocl Yolume of pig-eons to lw G·;) per c·e nt of tlte holly 
weig ht. 

'1'.-\HLE 00. 

Totnl Blood l"olumP. 

Bird Ko. 
and f;e". 

:{ ,\[. ..... . . 
4 .\l .. ... . .. 
:!3 .\l. ... . . . 
.~ F' .... .. .. 
24 F . ... . . . 

\ ge. 

a:l ~lonths .... . . . 
:1 Years .... . .... • 
Over a Year~ .... . 
3:l .\lontbs ...... . 
0\"l'l':! ~rears . ... . 

A \ "ERAI!t: ....•.•••..•• 

Lin~ 
\\'right 

in 
1\ ilogntms. 

I J l· 6ii!J 
108 · 936 
84 ·879 

108·936 
8:!· 1:56 

!)!)·313 

49G 

\\"eight of 
Rlood 

ln 
Gnun...;. 

:;,90 1 
5.7R7 
.).787 
6,3.).) 
.). 2~0 

.3,810 

I 
(;uleulated 

Blood 
Yolume 

I 

in f'u hie 
Centimetres 

(Spedfic­
Cnwih·. 
1. 063i. 

.) •• ).") 1 

.i,44.j 

.).4-U 

.).978 
4.!)11 

.),466 

\\'eigh t of 
Blood 

expresEed as 
Pen'entng<' 

of Bod,­
Wcighi. 

.) · 2 
5 ·3 
6·8 
.)·8 
6·3 

.i· 8 



0. T. DE '\"l f.LlERS. 

GENERAL DISCUSSION. 

'l'he eryi hrocyte eoun t o{ the ostrir h a ]Jpears to be the lo1Yest. of 
the count;; recori!C'cl for hiHls and mammals, but the ostnch 
erythrocyte i s exceptionall.1· lar~e and , according to available result ;;;, 
i.t is exreeded in size only hy that of the entu (Cnswtrius emu). 
Ponder· (1919) relllnrks : ' · In g-eneral the larger thC' bird the larger 
t he crll. " Iu the moist <:.t att· thP cdb a re l.Hg·er than in tl1e 1lrit· cl 
state . 

• \lthough hor·sp hlootl c·n ntain ~ four times as ntan~· erythnwy tl:'.; 
per r.nnn. · as ostri1·h blood. thl:' relative Yolume of plasma and 
corpusc:le . .; of horsr bloo1l is c-onsitkrably less lhan tbnt of ostri(·h 
blootl, and the haemog·lobin content of ostrich hlootl is more t han thnt 
of hor~e blood. Thf' ostrich I"T~· throcyte, therefore , is about four time 
thl:' ,.ize of that of the hor:-lt' and contains abou t four timt>s as much 
haemoglobin. It wPighs nbout four iinH s as much as thnt of the 
hnrsc•, for the spec ific !:\'ravity of o~trich bl ood i'> ::tho ut thC' same a~ 
that of horse blood . The points of n t i t~ imH rll nud m !lx imum resi stance 
of the ostrie h en th rocde are about the same a~ th ose of tlw 
erythroc>te of tlJe.fPII'l. · Tlw erdhroe:yte rount of th(> foll'l i~ llllll'h 

hi.g her t.ltnn that of tht> o~trirh, hut t h~ haemoglob in 1·ont1:'nt of fowl 
blood i s much lowPr. 

lt IS of p<trlicular interr~t t ha( rrgetwration of erytltrocytes i,; 
most clearly marked in ostrirh hloo!l. The percentage " ·hit ·h in 
Roman owsky stained prepara tion,; ~how pol:~chroma sin is ron.siderahly 
higher than th at observed in thP hlood of othe1· animals. In Yitall.'· 
stained smea r:> ma ny reticulocytes are seen, and it is signi:fir::mt thnt 
in normal ostrich l>lood even basophil er~·tbrohlasts ma5· constitute :1 

fairly higl1 lwr·cenlap;e of the erythroc~·te count. 

Contrar.'' lo what would be exprctcd , the blood of th e group of 
unthrifty os trich chi(·k,;. whi(·h ,; l10wed markPd oligocytlwmia as tlw 
r el'u lt of se,·ere worm-infestatio11, eonta inE>cl 'ery few immature 
erythrocytes . Apparently thf' 111ano\\· exhausted by the long 
con tinued attempt to keep tlw blood up to normal eYentually fa il ed. 
The erythrocy te count s of t he blood of thf' nonnnl ostrirhe::; nn • fairly 
unifon n. 'l'h e coeffirirnt of Y:ninhil itv and the s ta rHlard enor of tlw 
mean (•an b r regarded as loll' , hut the ·range of 1,65:{,(J00 to Z,2uG.OIJO 
e rythrorylrs per c. mm. for uorm:1 l birdR is raihE>r wide. ( 'ount ,; 
r eported for the fowl sholl' g-reater vn riation. 

Th E> leucocvle and the t hrom hocyle counts sho,,· cousirlPra bi t> 
,·ariation and ti1e r·oeffir·ient of nuiahility of the tlnombocYie count ,; 
is !:'X('eptionall.Y high. \Yid e di nrgE>nl'e i s found abo iu the l t>ucocyt e 
and th1' thno mboeyte count:-; , r·Pplll'tetl for the fowl; t hi:., ma.1· probably 
lw la rgely attrib11t erl to di1l'eren!'~'" in technique. Tt i:-; clitlind t ~ o 
compare results, fi S there is no uu ifonn m ethod of m nk inQ" tot a l 
lencot'.rte counts of nYinn hlood. A hr~e number of nYer agr· lf'\rcor·1·i <• 
coun.ts ~-e~JOrteJ for .thE> f owl clo~ely agree "-ith the nwr:1g-t> e~{ud 
ohtar necr f or t he o stn ch. but the :1\'Pf'Hge thromhoede rount obt::nn1"1l 
for the o<>tridl i s mnr·b lo1n• r than mo~t counts r<' t)orl ed for the f01d 
and \lther hinls. 
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lt is nole"·orthy that nw~t of t he erythrocyte and the leuc·ocytc 
touuts from t he group of clinically health~', ;;emi-"·ild ostril'lws 
r<'nred in llw Bredasdorp District were a ppreciabl.v lo\Yer than i ho,;e 
fn>nl the fhe normal birds reared at ~I~niendahl , St ellenhosr h 
Distrid; nlso t ha.t the lymphocytP <·ounts from the '· Hreda~dorp " 
hi.rds " ·ere muC"h lower than those i'I"Oill !he '· Ma.riendahl " hinl s, 
and the hrterophile coun ts from t he fonner muc h higher than ! hosP 
f rom the laUPr. As previQusl.v sta led, all the '· llredasdorp " bird,; 
wt>re Jn·obnbl.'· worm-infested, but their blood gaw no indicaliou of 
unusual t>r.dhropoiesis, nnd it, t herefore. ;l ppear;; I hat t> JI\·iron n1Pnlal 
and g-enetic h1ctors might :dso ha ,·e hf'l'll part!.'· respon si bl e for t lw 
< li fterc n rrs. 

The pt:>l'('(• n!nge of lymphocytE'~ in <•~tril'h blood is much lowrr 
! h;m that n•<·oniPd for the fmYl bv most investip-ators, but the 
lwteroph iles ;·on,;l itutf' u llltl<'h high~r JH'I'l'Pntagf' of the letH·ot,d<' 
count than tiH•y do iu fo\':1 hloocl. ( ln thP "·holr the perc<'ntage,; 
l'et'orded for thr other type-; of leuc·oc·.\'1(•,; in fowl hlood do not difl'P!' 
greatly from those oblnined for t he ost ri(' h. in whic·h t l1e hete1·ophilP 
I'OUnt:.: -;ho"·ecl the lra~t Yariat ion a n1l thE' t'ORi11ophile count s th e 
g-reate;;t. The h n;.;ophile of the o;;;trit.:h is distinct ho1n that nf the 
fo,d. 

The inorg·•lllic phosphoru;; Hllll ealei um y;:lues for the p:10up of 
hirds grn;, ing on natHral pa st nre in tlw Breclasdorp ] )istrict compare 
wrv faYOi tr:~hlv witb t hf' re~ u l t R from th1· normal binls whi<"h rf'cPi\'Pcl 
n l~Lernl supply of boneR anrl other foo1lstutfs. . \ s JH'f'Yionsly ~t:dNl, 
!hP inou .('a nic phosphorus ,·:dues , h own by the normal birds are 
su~·gest i,·e of a ,.:easouill Yilrintion. 

The prolonw'<l r•onglllntion time of ostrirh blood, 11·hidt 
apparrnt i ,,~ (•;mnol be nssn<"init>d with n lm\' ca l f'i um f'ontf'nl, the 
higher priTf>ntnge ,·olu 1ne reaclings oht.1ined with old sam ples of 
osh·icl1 hloorl and the mark<•cl tendency of the leurot·.des to clHmp 
i mm ediately after the blood i s dril\\'11 are interesting features "hirh 
offf'r fertile ground for further in,estig·nt ion. 

Th e 'niter hopes that tl1is \\·ork, which may he defined HS a 
preliminnry study of tile blood of th e ostrich, wi ll Jll'OYide a. lw~is 
for future research. 

SUMMARY. 

l . :JIPtlwds are descrilJed for colleding hloo<l an cl pn'lHll'l ng 
;;mears fro111 lhe ostrich. 

2. Ostrich blood usu ally has a Yer:> prolonged congulation I i me 
a n!l oftPn it fni),. to c-oag-ulntc i{ dr::t\\' 11 !lirrdlv hom :1 hlootl \l's~d 
without ('Ollling- in cont'aet wil ll the lis:HJPs. ·lleparin (1 n1g'm. to 
,; ('.(' . hlood ) invariably preYented !·oagulntion nn1l it h :ul 110 

df'h'terious E'fi'E'ct on th e blood. 

:3. Yarious methods recommended for cou n ling lencocyl f's in 
n,·ian hloo1l were tried on ostrich hlond. Wi,;e!llan's met horl wn'> 
founrl to l>e the hest. 
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1. ~forphological and bioC'hemical studies of the hloo!l of 
twenty-two ostriches were made, and the follo\\·ing an• the awruge 
Yn lues and ranges obtained for the blood of nornwl ostri<"l1e,.; :-

Erythrocyte count per c·.mm . = l ,89.f,OOO ± l-l- ,!l:{~). Hnn j . .t't' = 
1 ,(;.):3,000 to 2,266,000 . 

HrLlli,·e Yolume of corpusc-les <1nd of pla~llla = -l-~·9 ± 0· :H. 
Hang-P 40·6 to 54·0. 

)li11 imum rP,.;i,;tarH·e poin t of red cel.l,; in socliu111 ehlori«le 
solution = 0 · 47. Hauge = 0 · 44 to 0 · f'1!!. 

)L,ximum n·si~tan«·e point of red cell,; in -odium l'hloridt> 
,.;olution = 0·!!7. Rnnge = O-:{ to O·:!i) . 

Sodiulll c·hloride :-;ol ution ,,·hich is isotoni(' fo r the f't dhro«·\·les 
= 0 · 9 per cent. · · 

Jfa pmop:l o bin con tent per lOO ~·.e. hlood I (j · 0 g-ms. H :1111-H' = 
H ·G to 17·2 gm:>. 

L Pucncyte count per c.mm. = 21,0!)0 ± -U!'l. Hang-P = 12 .:1:2(; tn 
:)2,273. 

LymphocytP count = :!G·8 ± 0·0 pPr ct>nt. Hnnge = 1!J·:! t o 
!{7 · 0 !WI' cenl. 

~Ionocy te eount = 3· 0 ± 0·0 per c·rnt. Hange = O·.-> to fh-l per 
cent. 

Ifpterophile counl = 59· 1 ± 0·9 per· cpnt. Hange - -1-0·5 to iS·.-) 
per cent. 

Fo~inophile count - 6·3±0·5 per cent. Hange = O to l!J·:) 
per ('Pu t. 

H:hoph ih· c·omtl =4· 7 ± 0 ·3 per cent. Hnn g-t> l·O to to · .-) 
per cent. 

Thmmhol'_VtP co un t ]Jer c.mm. - lO ,.:J:!l ± -1-~7. Hange = :!.-1-78 
to :!0, 08G. 

Yi:->•·osih -: Blood = -±· 5 . R ange -1-·0 to ·">· 0. Pla;;ma 1·(). 
H.a~g<' = 1· 5 to 1 ·8. 

Specific gravity: Hlood = 1·060. Rnnge = l· 060 to 1·06:) 
PLu:ma 1 · 0~2 R::-. n gP = I · O:!l to l · 0:2-± 

Inorg-anic phosphorus content p<-'r 100 <·.c. bloorl 8·1 ± 0<: 
mgm. Rangc = 5 8 t·o 11 · 4 mgm. 

Calcium content per 100 c.t. = lO·l ± 0·-1- 111g-m. H nnp-P ~-! 
to 14·!2 mgm. 

~Ingnesium content per 100 c .e . = 7·G t 0·4 mgm. l{ange 7· 1 
to 8·4 m gm. 

Sodium content Jl<'l' 100 c.c. = :?73·7 ± l :l·O mg·nr. Hang·e = 
250·0 to 322·5 mgm. 

l 1 otaRsium c·ontt>nt per 100 r·.<". = l 9G·fi ± 6·0 mgru. Hnn~·e = 
177 ·3 to 211·0 mgm. 

5. The ::lYernge total bloo<l Yol uull• "-" ~ .),46G ('.«·. and iff: 
weight expre:>sed as a pereentagf' of the awrage hody weigh t wns 
5 ·8. '!.' he totnl blood volume ranged f rom :),:!20 to 6,~:)i) e.e. :111<1 
its " -eig-hl (·ons titutecl 5 ·2 to 6·3 per rent. of thP body weight. 
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G. Cell type:; <.:onesporHliug to thosE' seen 111 towl blood oecur 
m ostri(· h blood. These haYe been described. 
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