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S I (II' IJETW EE N WiLl) A"11) JJO ;,IESTll.: D UC KS ' 

Kiyotsllna SASAKI 

1. INTHODUCTlON 

It was first observed by B ORDET (6) that the anti-fowl serum obtained 

from a rabbit treated with fowl h lood serum acquired precipi tating power 
for K)\\'l serum; since this was conformed b y UIILEi'\IfCT H ( l9) the 
serological examination of the blood-relationship amOllgst b irds, especially 
poultry, h as been investigated by N UTTAL (!4) and nlallY others (2, 9, 
18). On the other hand, the subject of the interrelationship bet"\.veell 
poultry and their wild forms, \vhicb has spcci,tl importance in regard 
to the origin of domestic animals , ha~ bee n treated or from the 1l1Or
phological or genetical point of view, h ut so far as the wr iter is a ware 
there is no serological research in thi:'> field. Hence the blood relat ion
ship between wild and domestic duck s is examined oy the writer by 
means of precipitin reaction, and the results arc set fo rth in this paper. 

1.1. I1IATE1\JAL AND MET H ODS 

A MateriaL 
T he stocks lIsed in the experim ent were some \\"alerfow!s belong ing 

to .... lJ!a!idflc,' (1,7); they are :I:': rolk,\\' s : (Ph tes 'I., 5) 

I 1;r"1\1 Th r" l 'hy.; j"J, ;~i1"al :lTHl /, ,, It'd ' llic;\l JII ~t it llk, KyU:. tlll l l),:pl~ r i.jl l; (jiH'r~il)", 

Fui<w,k:l, J:1p,m" 
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a) Domestic ducks 
I Alias (/vmcstira <'F,;clll (Japanese (h1Cl;) 

:2 Cai,-iJ1(1 1l/(Jsch,ilo L (!\Tusc,)vy ducl) 

b) Wild ducks 
AnaJ iJ(JJdlflS L. (Wild form ,)f Ja[-l;1nese ducl;) 

:2 J.larall pelle/of"' L. 

3 _ElIlldia j:,knti! (Georgi) 

4 --,V~!tiolt (OF/HNUIII (Georgi) 

5 i.~,tti(/Jl oaCll cruca L_ 

c) Domestic goose 

B. Methods 
In these experiments the blood serum -which was obtained frol11 each 

stock mentioned above \vas employed as the antigen. Defore proceeding 
to bleed the stock \vas .starved for about 24 hours to prevent the serum 

fi·om clouding; bleeding \yas accomplished by plucking off the feathers 

insiJc the \ving along the humerus, stcri1i7.ing these parts with alcohol, 

making a small cut in a vein along the IlUmel us, and allowing the 

drops of blood \\·hich How out to f<dl into the sterile test-tubes. They 

\vcre then placed in the thermostat 37°C for about 4 hours, and within 

this length (,f time the .senl1ll. was exprec;sed; this was pipe-tteel off into 

small stcrile tcst-tubes, and the supernatants ccntrifugali;ccd from the 

scrUlll. Thence the clear serum was transfcrreu to the sterile sealed 

tubes and kept in the refrigator. 

For the productiun of precipitating £inti,'-;era 3-4 cc. of aVian scrunj 

from each of these :-:;tock:-:; was intravenously injected five times into 

each uftwo or three rabbits whuse li\·e-wcight is about 2 k.g. respectively 

at illtervals of three days bct\veen injections. \Vhcn seven days had 

elapsed after the last injection a small quantity of blood was drawn off 

carefully fruIll the marginal car-vein to test it for the strength of the 

precipitating power; if it proved insufficiently powerful injections were 

repeatedly ccntill11Ccl, whereas if it showcd power enough the rabbib 
\vere bled by iscbting and making a slllall cut into a carotid. By 
treating tLe blocd in the .same m;lllilef as de,c:cribed before the allti~:cra 

were obbined, tran"fered tt) sterile 'J.inpullae, alld kept pure in the 
refrig-;ttor until used. 

j\:-:; AL-TT.\I . ([4) IElS previc,usly shuwn, the degree (Jf the precipitation 

depends Up~)l1 the pn,iein ccnient as well as 011 the qllalitative difference 

uf precipitincgcl1 (Llned serum); the errors caused b:y the al\l(;Unt of 
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protein in the precipitinogen should be excluded as much as possible, 

when the precipitin reaction is applied ill order to exallline the blood

relationship amongst animals. The prutein content in the blood serum 

used by the writer as the prccipinogen varies 110t unly \vith the in

dividual but also with the' age, etc., therefore the alllollnt of the protein 

in e:1ch blood serUlll \vas first cietermined by AlTREclrr's methotI (5), 

,mc! the ~;tandard solution of each serum was diluted \I.·jth physiological 

::.rael :::oiutil1n so as to contain 2 ~,~ protein 

In experimenting with the precipitin reactiun FOI{r\Kr'.':i "Ring 

Probe" (8) \\"{.'i employed. The degree of precipitation call well be 

expressed numerically by the llllIllber of dilutions of the bloud serum, 

(\vhcn the number is large the precipitation wilh the allti-avian serum 

is hardly shown) the standard solution of the blood serum (protein 

conlcnt 20;;) being I, double diluted 2, four times dilutt:d 3, eight times 

4, and so on. A series of little test-tubes were put on the rack, anti

avian serum O. I c,c. was transfered tu them, to \vhich each dilution 

0.3 c.c. above mentioned was carefully added along the walls of the 

tubcs; then the reaction occurs on the zone of contact. As the strength 

of the precipitating pmver varies in the cour;;e of time the speed of 

reaction was also taken into consideration; the reactiull was observed 

;1t a n)()m temperature of lS-2jOC, three times namely 15 m, 30m and 

90111 after the diluted solution was added to it. In order to simplify 

the record only the result of tbe last observation is sbown ill this paper. 

Tbe cllntrols (I) immune serum o. r c.c. + phy.':iiological NaCt solution 

0.3 c.e., (2) normal r, .. bbit's serum 0.1 c.c. -I .stdndard :-;()lution 0.3 c c. 

wen.: Lested in each experiment, iJut always a negative reaction \1/.1.5 

(ibserved in each case; therefore these records are omitted in the follow

ing tables. On the other hand, similar experiments \vere repeated 'with 

each of the same kind of the immune sera, one immune serum being. 

of course, tested at least twice, but the results agreed with each other 

in the majority of cases. Only one result, therefore, is here described . 

. A similar examination of these blood serJ. was carried out with the 

specialized immune sera. In specializing the irnmune ,,:era \VEICBIL\RDT'S 

"l\h:-:ii.ttigungsvcrfahren" modified by .:VIISAO (13) was llsed The im

mUlle sera \vere specialized ::iD that they \\'ould re,lct cmiy with the 

hOlllologolIs blocd serum and not \vith that of the heterologous. The 

;l.ntiscrU111 ,vas ad(:ed to the heterologous bluod serum so that a rich 

prccipit1l1ll occurcc1, then the pleClpltUtn \\,lS centrifugalized. For this 

purpose first the proportion of antiserum to blood serum which cause 
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maximum precipi tum was e:;timatcd quantitatively with the precipito
meter. Next the blo(ld !';enll11 was added to the antiserum in this 

proporticn in the maj ority or ca:-:es, more bJ oou ~ eflltn being adder! in 
ollly a few cases. The ~peci.1. lizcd inlll llme St.: rtllll obtained in thi~ way 

was absolutely specific to the bomologous b l(Jhd se rum. 

111 , EX1'ERI l'>fEKTA L IrE;::.u r;rs 

i) J Jpanese duck and Chine~e goose 

Table I. 

Immune ~trulll I Anti-Jap Duck S. I Anti-Ch_ lioose S. I 
I 

Test_tnlle I ~::~~;~:~I l )uck Goose 1- Duck Goose 

1 : 1 (2 ~~) I -lIr lit ~I- lit 
2 I: 2 W· -II- W rH-
3 t :4- tf'- 'I- tl- 11'-

4 J :3 W· -II- -11- w-
S I:J 6 tl- tl- "1'- -II-
6 I: 32 If t'- -jl- t'-

7 1:64 i'- 'I" i'- Y 
,; I : 12& i '- + + + 
9 1:256 -I L + I- + 

>0 1 :5 12 I- + + + 

" J: J024 I- + + + 
J2 1 :20-1:.) + ;- + 
I' ., I :4Q~(' ~ 

J4 { :SIY:! I 
_J~ __ 



3 

" 

5 
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Specmli/erl 
ImlIl\lne serlllll 

I_~j_:_\,~~'"' 
I: 1 (2 ~~) 

I::; 

1:[0 

1::P 

I: !~; 

1:256 

Table 2 

I 

___ D_'''_:k __ {;()()SC __ 1 

II' 
I" 

+ 
+ 
+ 
+ 
+ 
+ 

Anti-ell. Goose,s. -1-
J:lp.-Iluck S. p: I) 

1 )\It:+ (:oosr 

i" 
+ 
I 

I 

I 

I 

!2! 

It will be seen [rolll Table that the ;mtI-~:en[1[l for Hie ]apdilese 

duck reacts as far as 13 '\vith the homologous blood serum Le. ,vith the 
Jap:l11ese duck serum, but as far as T 2 with the Chinese goose serum; 
on the contrdry, the anti-serum for the Chinese goose reacts as far as 12 

with the homologous blood serum, and as far as II with that (J hetero

logous, Therefore the blood ."era of these two kinds of stocks ca.n be 

cle:uly distinguished serolugically ii·om each other. The tests with each 

uf the specialized immune sera fiJr these two stocks are given ill Table 2. 

The specialized immulle sera:t(Jr the Jap:Hlcse duck, wh:ch is obtained by 

saturating the immune ~en\tn with the blood se-rum of the Chinese guo:-e 

ill prop;wtion of equivalent volumc and centrifugalizing the prccipitum, 

shows markeCl positive reaction with the blood .':icrurn of thc Japanese 

clllCk, but no trace of reaction \\ ith that of the Chinese goose. The 

rcverse reslI!ts were obtained with the -"pCCLllil:cd inlllHinc serum of the 

Chinese goose. 

ii) Japane.se duck and l\Tuscovy duck 

The /lJltls serUlll as well as the Cairintt serum react positively in 

the sallIe degree with the anti-Antls serum. It is the same also ,vith 

the anti-Cairilla serum, so that these two kinds of waterfi.nvls can not 
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be distinguished serologically with their corresponding anti-~era i.e. they 
stand right close to each other. These hvo can howc\'er be clearly 
distinguished frum cdch other -with the spt:cializcd anti-Awls serum and 
anti-CairinCl :;erum; for the AnCls serum reacts positively as far as 7, 

Cairinrl serum not at all with the former; \vhile the Cairina seru111 

reacts positively as far as 8, and the Anas serum not at all \vith the 
latter, as is shown in Table 3. 

Speci:\l izul 
Imillune senUl1 

Table 3 

1

1\nti-Jap, nll?k S, + -I Anti.-;'lus. Duck S. f--
I\Ius.-lJuck S. (I: 'I) Tap.-Puck S. (I: I) 

Tes t-lulJC ---.__. Tap. ~lus. Jap. !\f l1.~. 
}'J""cipiiilJ"J:'>ll I 

]Jill1I.i'~_--~ __ ' _____ + ____ 1 

-I ~-I 
1;1 (, %1 jL 

2 

3 

4 

S 
(, 

7 
S 

9 

1:2 + 
1:4 + 
1:8 + 
I : I() + 
1:32 + 
1 :64 ~ 

I: 12g 

1:256 

iii) Wild clucks 

A AnaJ bosclzas and IVdtioll cruea 

B J.\Tcttioll for-muslim and EUlletta falcata 

C iVdtioJl j"ormosum and iVettioll crecca 

II 
-IL 
+ 
+ 
+ 
+ 

Although these three paIrs of wild dLlcks are not distinguishable 
from each other with the corn.:spollding antisera they can be cleady 
distinguished with the corresponding specialized antisera, as is shown 

in Table 4-
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3 

4 

5 
6 

i 
s 
9 
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Specialize(l 
Immune serum 

I: ::: 

I: 256 

Table 4 CA) 

Anti Anll.' !JMdll's S + 
ill'lIion crcc('! S. (I: I) 

Amrs ~(;s. 

+ 
+ 
+ 
+ 
+ 
+ 

ArltieJ1 (I'. 

• 
Anli_A,l/ilill {TCeed~. + 

Allas I!Osr/f('S S. (I : 2) 

Alia .• !Jor. 

+ 
+ 
+ 

123 

----'----~---'-----'-----~~~-~-~--

2 

3 

4 

5 
6 

" " 
9 

Specialize!i 
Tmmune sentrll 

I: I 

1:2 

1:4 

1:8 

1: 16 

1: 32 

1:64 

(2%) 

I: 128 

I: 256 

Table 4 (B) 

Anli~_Ndti'1Jlform;;;;~~,·~.+ I AlIli-Hulldtd./a,'ollrr S + 
EUlldtafa!cata S. (I :2) i ,Vdli""jorlll"i"!illl's, (I :31 

i\~ttirm 

+ 
+ 
+ 
+ 

ElIllrita .l\·"cttioll 

+ 
+ 
+ 
+ 
+ 
+ 
+ 



-, . 
Spcdalif.c([ 

Jll1mune se rum 

Table 4 (c) 

-- - 1"- ,,,------ . -, - I 

Al\ t i- j\'~'Ui('Ilf'''1lI' 15t11!1 s. -!
i\ ~~ tti'm (/'(W,! S, ( I: 3) 

/\ntl",.i\rUirill (l 1''''1~ S . .., 
t\~/ti"lff(};III (!WI!I S. ':1 ::;) 

T<;:.t -Iul.o.! 

.; 

5 
6 

7 
, . ., 

1:1; 

I: 16 

I :3:! 

I : I z3 

+ 
+ 
+ 
+ 

iv) \Vi ld ;lHU domestic duck s 

r\ Anlls dOllles/t'ea and E lIlrt t ta ja/fa/a 

B fi1U1S dl..)JJll'stica and .oj/areca pcud{YI(' 
C .. Allas dt)Jlu'sfic({ and J.\"cltiult (. ·r((.;(.:a 

D CairiJlIl lIl()Jc!wta and ./lllas bosc!tas 
E Altos domes/jea and A lIf7s bvsclws 

+ 
+ 

+ ., 

J.'lp :tnCSe duck (.-lllllS dOJlltstit:(7) call nut be dist ing uished scrologiC:l l1 y 

frO\ll til t; wild dllCk~ (AlItlS l!o,w;/wJ, FlIIit'ltajalca/a) w.it h 1h ,~ curre~p(\ lld

ing antisera ;1 ~ i-; ~h:J\\,1l i ll Table 5 By means ()f the :-;peciali 1.e rl 

anti ,era . !JUWever, Jap :l Il e~e duck can be ck 'uly dis tinguished from 
hlmetta , A/arecca as well as .l.Vettioll crccca, and t he .\fu .scovy cluc k 

(ClliJ'ilh~ lIIoschata) (i'om ~ 1"as bosehas (c f. Tab le 6) 
ft wi ll be ouserveu from Table 6 (E) that a lt hough the }ap:l1I e:-;e 

due:..:: ca n be d . __ tingll ished from Anas bosclills with the ~l nti-Allas (/011/ , 

serU1l1, nrhich i" :cpcciJ.Uz ed by addition of the J11ltls /loscltas serum, it 

is imposs ibl e \vith the spccial izt:d anti-Awls boscltlu ~e ruI1l, as the latter 
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reacts always III the same degree both with the A nas bosdlfrs serum 
and with that of the JapalH:!-'e duck in <lny gra(!e of saturaticn, (I nti it 
ceases to rc<:!c t with b001 :;'e ra :-imulb:llle(lusly in the !"tn. ng· ~atllratio ll . 

Table 5 

] mlllU IiC se r um Auti Jrlp, nw:k s. .AHli -..c:i!lldto s. 

"-..1" " 1""'" 1 I ·--1 ------ i 
f<.: sl tu],e '-...... Jap AllIl, I I ; III/etta Jap. Ana;! /':'"tm<.'t{{~ : Jnp . A n.'1f EII1It:II(! 

W_,~ , I 

9 

10 

II 

'" 
13 

14 

-------------- - -- - ---- -'---,--
J :256 i'· V· Y i'- i l . .". I' I" 

1 :5 12 t lo i '- .1'. i '- 1'- + i '- 1'-
I : 1024 + + ;- + + + + + 
1 :zq3 + + + + -;- + -> + 
I :40~6 ~ ~ ~ ~ ~ ~ _I 

I : ~; Hp 

-_._ .. _-_._- ---_.-

Teble 6 (i\) 

-· ·,o=.~: __ ,."~--"-=_,;===. = = 
~pec ializcd I' -'"b -la!, 0;,,-1, S_ + 

J mmUilC scnUll hlilldt,r S. (, ; ~! 

._.;;;::-..::::.:::.- ['n':.' i~~~·(;I";: ... :, :--... 

".reS.I-tube 1 ~ l nt~ __ J_a~~ __ ! i::1I I1dt' l 

I :I (:! ~~ ) 1'-

, 1:2 j " 

.l 1:4 .p . 

4 I: g + 
I : 16 + 

.; 1:32 + 
7 1:64 + 
f, I : 12:; + 
'J 1::::::56 

L 

.\ll1i - {.",'lJIdl,1 s. -+
Jnp. Puck S. (I; 2) 

J:tp. L'uJld{,1 

i ' 
I '· 

+ 
+ 
-I-

+ 
_I 

.1' . 

I'-

+ 
+ 
+ 
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Table 6 (8) 

-1·- '~:lti-Jnp. Duck S. + 
.ilJ(!r!'C11 S. ( r : 3) 

Ant i-illa ",' t .• S. + 
jap. lJuc).; S. (1:4 ) 

~--_, ___ ~ 'r·:<".IrtI1" . ~ " I ,-I, ------ ---.---- -
Tt.:l> t ·LuLc I ~-, . Jap. ----I Hil mi:: __ ---= ..... __ .1 ___ __ 1 

I 1 : 1 (2%) + 
:! I J :2 + 
3 

4 

5 
6 

7 

" 
9 

1 : 4 

I : ~; 

J: 16 

r: :p 

1 :74 

I ! I ..!r; 

1 : 256 

+ 
+ 
+ 

Table 6 (C) 

Speciali zed 
Immune st:Tlllll 

[
'-----::-..... 1·' H~; I .!I ! " ;~' . 1 1 

T c,;l- tul:1C ______ ' 

Anti -Jap . Duck S. + 
~Vdti.m S. ( I : 3) 

J a.p . :Vdt j QIt 
: Ui/ " jj,," ___.......! 

--- , '" (, %) 1'---1 
:! I: Z 

-lI-

It 
3 

4 

5 
(, 

7 
g I : I Zv 

ii-

-I" 
+ 
+ 
+ 
~ 

I 

+ 
+ 
+ 
+ 
+ 
+ 

AnLi- .A >ttiol1 S, + 
J tlp .-V uck S. ( I: I) 

Jal', 1\"ettia1l, 

t'-
+ 

+ 
+ 
+ 
~ 
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Table 6 (D) 

:-ipcci aljzcrl 
Illllllllnc Sertlll1 

. . ....... I~to 'l"tl' • I" 11 

.AlIli ·)'lus Duck S, + 
Am¥! 11/)sd,tlS S. (J : {I 

I l\nr i- AIlII:; " ~!g!/liJ S. + 
Mu s-J.)llck S. (I :2) 

Te~ \._l. lI l oe 
.I )lIll1\,:' --~i ~ru,; . A,MS ~lus . AlIUS 

- ---I '" (" ~G) l -j"-
+ 
+ 
+ 

4 

5 
(> 

Spec ialized 
ImmUlle serUlll 

1:5 

1 :~56 

rr('('.i l ril il" ~1' 11 

Test-lube 
lJll ",I"1l 

1 : 1 (2 }o) 

2 1: :! 

3 1:4 

4 I :S 

5 I: 16 

6 1: .32 

7 ,64 

"' I : 123 

" I : :!56 

---,--,- _.-

j" 

j" 

+ 
+ 
+ 
+ 
+ 

Tahlc G (E) 

Anti-.Tap. Duck S. + 
Alias biJsdl<lS S. 

( I: 2) 

+ 
+ 
+ 
... 

Allti-AIM.; /! (!.>(!l</.r S. + 
Jap .• Duck S. 

(2: I ) I (I: i'J I . 

J'p. 

'1" 

Anas ·----I'~;p- -~:~ 1.'1' I An", 

- - - -I 
+ + 

1 + + .p. 

+ + + 
+ + + 
+ 
+ 
+ 
+ 

1Z7 



IV. ruscussro::\' 

r. The. );Ipane~c cluck (;lll Ill' c~(,;trly di~tingl1i."hcd L,Y thl~ prc

cipiLl1i(IJl methud (rum the Chilw,'c g(l(J:~t' \\ith the C01T('~'pl)(ldillg ;(l1ti

sera, but nl,t frum many killd~ of wild <lucLs; this sh(J\\s th~t the 

J(lp~tllcse duck is 111OI"C clo>:cly ,-ejakd to the \vild duck ibm to the 

Chinese goose Therefure I he blocd-rehtiull.':ihip amolJg~il ttese three 

kinds of stocl:s e:"alllincd ii"()11l the serological point of dew is in ac-

c()!'(15l11ce \villI tIle classificatiun fn!lll the 1110rpIH)Jogica! ~tal1(Yl)(:dllt. 

2. It IS rCIJurtccl by AIC\_\L\T:~U (2) tlut poultry wllu,'e relation IS 

closer Hun that of genus can not be distinguished frC!lll each other by 

means of precipitin reaction as well as agglutination. fn the \vriter's 
case also ~jlllilar results arc obtained, but by specialization of immune 

~'Cra j\!('t!iOJl /orllloslflll call be de;]r!y distinguished (absolllte ~pccificity 
being gi\'en) fi'olTl i,\7dtioll (TCCCa; J;lpallese duck from I\Iuscovy duck, 

EUllctta .111ancca as well as ATcttioll eNacT; and 11uscovy duck from 

.. i.lll<7s boscltas. 

3. Although the Jap:mese duck (/lnas dam, (recta) can be dbtin
guished from the wild dueL: (Allas oosclws) with the specialized <lllti-.1'lntls 

dOlllcstica serulll it is i11lpnssiblc \\ itb the ~reci:tlized anti-Altds bosclUlS 

~Crulll. The wild duck, Allas /JosrltaS, is regarded as thcwild form of 

the domestic duck by l\'lT\lL\El}T (to) and YAEC (~o) from the Illor

pltul(!~;-ical standpoi1lt; so the above findings may ha\'C ::'(l111C relationship 

with the flct that the J:lp:lIle-';c duck aboriginated (j'(l1I1 Anas bosrltas. 

Situilar results \vere ubLdncd by bllllL-U{.\ and :VTl;';.·\{) in the carp, 

ctllci~lll ,mel guldfidl. The carp can he ckarly (~igtillgui."'hecI from 

crucLl1l ~l.'; \\'i...:11 as g;Jldfi"h with the corresponding specialized antisera, 

and the .,:crological relation bLLvcCl1 goldfish and crucian i.Ci just as 

bet ween Japanese duck and <,ina.:> bose/tas. 

4. .:\.s is shmvll above, the .serurn- proteins of some waterfowL" arc 
nut di...;tinguish:lblc from each other with corre<.;ponding antisera, but 

they can be cleolrl)' di~tingui:;bcd with speci:t1i:~cd antisera. This 

scrologicll relation, fur example, bct\\een lViilioll fOYlIIo.wlII and iVdtion 

CYi'cea may be explained as foll(jw~-;, as lSllllL\l{'-\ suggested in the case 

of carp and crllcian. 

First :l-"Sllllle that the structure of the serum-proteins (precipitinogen.s) 

of Formos1tm and Crccea have A in COlllIIIOll ,lnd a sidc-chaillK for 

the furmcr as well as L for the latter peculiar to eacb, i e_ the protcin

molecules of Formosum as A I( and these of Creaa as A L ; next that 
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injecting the serum of each stock illto each rabbit a part of scrum
protein is de~o!lllx)sed ill to A :tI1d K resp L , c OIl ~equelltly two sorts of 

precipitins wil l be produced in eac h anti-serum, onc being common and 
the others peculiar to each i.e. ({, ak for j-;()rmOJU11l and a, at fi)r CI't'cca , 
and that the common precipitin a c()mbincs with t ht.; precipitinogen j\K 
or AL, but the precipitin ak or at only with the corresponding p re
cipitinogen AK o r AL. 

Dy saturat ing the anlj - F'ormosu1Jl !;erum with the Cru ea ~erum, t Ilt; 

precip iti n a un ites wilh t he p recipi tinogen AL, cOll..;;equell tly t he p re
cipitunl A L a occurs, and cent rifugal izing this prccipitum the prccipit ill 
ttl.: remains in this saturated immune ."'erUlll. There{;)lT addill g· the 
}-;OYJJlos}(.lIl serum i.e. the prccipitinog."C::ll j\..K 1.0 tbi . ..:; saturated immune 
serum, the precipituTll AK alJ (",CCllfS; in this case the reaction is po.c.;i

th'c; but the reaction is negative when the Crecea serum I.e. the 
precipi tinogen A L is added to it , for there i5 no precipitin to uni te 
therewith. A similar expla nation may be g iven in the case in which 
the anti- Crecea. serum which has the precipiti ns at as well as a is 
saturated with the FOrJJlOS1I11l serum i.e. the precipitinogen J\ K. T his 
intercbtioll between Formosum and Crtcca m ay be represented d ia

grammatically as follows. 

FOY1JlOSWJl 

Precipitinogen (Blood serum) 

~-
Precipitin (Antiserum) ... aR, a 

-+ .A L 

IJrccip it lllll (To centri fuge) = 1\1.. a 

Precipitin ( Re mained) ... ak 

/\ 
Precipi tinogen ... +.1\1( +AL 

I Ii 
Precipitll lll 1\ K a/" no 

Reaction ... + 

Crecc(t 

AI. 

-aI, a 
-+- /\K 

=1\K" 

at 
j\ 

/ \ 
I- A]( +1-\1. 

, , 
no 

II 
AL at 

+ 

5. .IVT lI:-'CO'. 'Y duck heing di ..... t.i l1 g11 i:-; hab le rrO!H J ap~l l1 c",, (: duck as weI l 
as .. lUllS V rlSr/WS with tbeir CPl"\'I.:sl h',nding . ...:pccia lizcd :lllti 'iCL l. , alnlu . ...: t ill 

the salllL: uegree as J'~W!l}().\"lI1Jl frolll Cl'/'(Ut; a ccepLin g the a!Jo\·e db -
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gr::tmmatic representCltiol1, then the Sf~nll11-protcin elf Anas bosclzas would 

be represented b .. y /\X, th;1.t of J\ilu:-;covy duck A Y, ;-tnd that of Japanese 

duck AX 

The flet that in the combination of Japanese duck and Anas boscltas 

only the immune serum :t()1" the f(:mller is 2..cquircd the absolute specificity 

by saturati.on should be considered as foltmvs, as lslllllARA suggested 

in the case of goldfish and crucian: the serum-protein molecules of 
these t\VO stocks ha\re A as well as the side-chain X- specific to .. lnas 

bosclws in common, and Japanese duck has the further specific C0111-

pOllent :\1, i.e. the side-chain of protein molecl1les of Japanese duck Z 

is composed of X and 1\1 This relation may also be represented dia

graml~latically. 

Anas t/uJlltstica 

Precipitinogen {Blood serum) AXM 

Precipitin (Antiserum) 

Precipitull1 (to centrifuge) 

Precipitin (remained) 

Precipitinogen ... 

Pn:cipitulll 

aXlll, ax, a 

+AX 

=AXax, AXa 

/ '\ 
, \ 

+AXM +AX 

! Ii 
ii II 

... AXl\T fr.t71/ nu 

React ion... + 

V. SL-IIBL\H.Y 

Anas boscltas 

AX 

ax, a 
+AXM 

:_-:::0 AX1\f ax, AXM a 

no no 

Treating the rabbits with each of the hkHH.l ~era of the dornestic 

ducks, lvild ducks and domestic gee<.;c belonging t() /lllatidtlc, the blood
rclatilJnship arnongst these stock~; were ex;unillLd by means of precipitin 

reaction, and the results are as full(lws: 

1. The Japanese duck is distinguishable frnrn the Chinese goose with 

the corresl>onding antisera. 
2. The Japanese duck and the i\Tuscovy duck, arc not distinguishable 

from each other 'with the corresponding specialized antisera. 
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3 Th~ Japanese duck can not be dist inguished fr0111 the wild ducks with 
the corresponding antisera. By means of the correspo nding specialized 
antisera, however, it can be clearly (jistin guishecl from Eullt'tta , 

. .Tfarccca as \vell as .i\~'ttiO!l crt'ec£! , and th e J luscovy duck from 

.I1ltrlS boscllas. 
4 The Japanese duck can be distinguished from its \vild form (."1nas 

boscltas) with the specialized ant i:;crtl1l1 for t ile fill'lller, but not with 

t ha t for the latter. 
Tn concl usion , t he writer desire~ to exprcss his since re thanks to 

Prnf. :\1. I S Ul HA RA under who!---e direct io n th is wo rk \VdS done, and to 

Prof. T . K(l IiO for selecting the OlJ te ri,, 1. He is a lso indeuted to Prof. 

I\ L ITA(~AK l fo r kind advicc.;, and to !\sst. Prof T . . '11;-;;\0 fo r muc h 

va luable lidp. 
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E:'\PLA~ATIO~ OF PLATES 

;l) IJUIllCStiC d ucks (male:;) 

",lllas domestiea crcrta (Japanese duck) 

2 Crririnrl 1JlOSdtatil L C:Vluscuvy duck) 

Ii) \Vild ducks (males) 

3 .. ~ll1as IJOsclws L. (\Vild forlll of ]ap::ll1ese duck) 
4 ;llarct'(l pellclopt L. 

5 Elllldtil fa!cata (C;eorgi) 
() A't'ttiOJl (01'1110571111 (Ccurgi) 
7 ,\~'ttj()iI {T{,[[~il cri'[ca L, 
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