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                           IRtroduetioR

   Much has been published on the monstrosity of fishes. But, of all the
problems concerning this matter, that on twinning and duplicate rnonstrosity
are apparently the most interesting. As the material for this study, the
embryos of salmoR or trout are probably more preferabie than any other,
because the eggs of these fishes are comparatively iarge, and are raised in
great quantities by artificial means.
   Of the previous works on the cluplicity of fishes, the more important
ones are: KLAussNER (1890), WiNDLE (1895), ScHi)vii'r'r <1901), Lis.REBouu.ET
<1855), S'.'Hwtxr]BE (1907), GEMirv[iLL (1912) and HANDA (1924), dealing with the

general problem ; OELi.AcHER (1873), KopscH <1899) and INm<Ai (1925), spe-
cially on mesodidymi or katadidymi; SuzuKi (i926> on the central nervous
system in double as well as single monstrosities; MoRpxiLf. (1919), SwE'y'r
{11921), NEwMAN (1923) and BovE'r (1931), primarily oR situs inversus viscerum.

Of the researches by experlmental methods, S'roci<ARD's work (1921, 1931)
with low temperature or reduced oxygen supply is widely known. HiNmcHs
akd GENTHER's experiment (1931) with ultra-violet radiation gave a result
sirritilar to SToci<ARD's. More recently, GoF.TscH aRd ScHLiNDLER (1934) ex-
arnined the effect of ligation on developing twin embryos of saimonids.
    Of the duplicate monstrosities, many points found in fishes are in com-
mon with similar phenomena occurring in other vertebrates. But t'here are
also facts peculiar to fishes, as, the rarity of duplicatioR in the posterior

regioR, and the comparatively high frequeRcy of situs inversus viscerum.
    This work deals primarily with the problern of sittts inversus viscerum
of duplicate monsters as well as of single erabryos of the salmon Oncorhyn-
chus Jeeta. But other problems of dtiplication and deformations feund in
the same material are also deait with.
    The material was obtained from the quantities of saimoR embryos arti-
ficially raised in the governmental Trout and Sali:rion Hatchery at Titose-
mura, Hokl<aido from 1934 to l936. Mr. S. OKADA kindly supervised the
work of the Aino womeR, who were employed for collecting the rnaterial.
It is my pleasure to express my thanks to Mr. OKADA and also to Mr. Y.
HANDA, the director of the hatchery, for their help and cooperation which
enabied me to get the rich material used in the present study. My thanl<s
are also due to nay private assistant, Mr. T. TERAMo'ro, who helped my
work of dissectiRg the material, as weil as to Dr. I<. NAi<AMuRA, who took
all the photographs reproduced in this paper.

                           Observations

                        Types of Duplicity

    In this coliection, all the types of duplicity recorded in previous authors'
worl<s, namely, duplication of anterior <anadidymi), posterior <I<atadidiymi),
middle (mesodidymi) regions, of both anterior and posterioxop regions (ana

 katadidymi), besicles niany cases of indepenclent duplications (omphatosites),
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are represented. There are also t'wo exampies of triple monstrosities (PI.
L figs. 6, 7).

   Of all the duplications, those of the posterior regions (.katadidymi) are
the rarest. There are 6 speciiiltens iii all, belonging to this type, in my
coliection <figs. i, 2>. In GEMuau-'s opinion <1912>, the katadidymi fouiicl in

flshes are of a ldnd somewheat clifferent from those occurring in other verte-
brates----that is, they are formed as a result of longitudinal splitting of the
posterior re.g. ion of a single embryo, something like spina bifida. Both INuKAi
<1925> and .SuzuKi <.1926), however, give some cases of genuine kataclidymi
whicE{ de not belong to t'he type mentionecl by GF.Mi{Ir.L, since they have
their posterior regions duplicated with both halves complete. In all of the
specimens of this type in my collection, the duplicated posterior regions
seem to be abnormally thin and incomplete. Dissection has shown that the
heart, cesophagus and stomach are singie, the intestine duplicated ; the liver
is single, but has an appearance of being a doubie structure (Ifig. 2). It is
iikely that this type of duplication is initiated in a relatively advanced
stage ; the power of regeneration of the clefective parts, therefore, is snialler
than in the case of anterior duplication.
   Another specimeia of similar appearance, shoWn in Pl. I, figs. 4 and 5,
is a typical Janus with the componeRt individuals well developed and perfect.
Although ScHMIDfr (1912, also cited in SpEMANN l918)} denies the occurreRce
oÅí the Janus in teleostomi, this is a typicai example of the kin(l. SpEMANN
<1918) and WEssEL (1926) have obtained tritoR enkbryos highly similar to
this embryo by tmiting two gastrulae, after reinoving a small quantity of
material from the animal pole, in such a way that the aRterior ends of the
dorsal lips come opposite to each other. It is almost a certainty that my
Janus embryo did not result from two eggs fusing into one. It is likely
that the embryo was originated from two embryonic rudiments, both on
the same egg but with their axes exactly 180e apart from each other, which
were brotight stibsequently iRto ftision with the anterior ends. If similarly
placed rudiments fail to meet each other, double embryos such as in fig. 3
probabiy arise.

              Oeformities fouRd in Duplicate Embryos

    Certain rules concerRing the duplicity in fish embryos have been set
forth by S'roci<ARD in his well-known work (1921). IIe states, "In double
individuals in which the two components are equal in size, tlae larger coin-
ponent is almost always normal in structure, and the smaller component is
always deformed. The degree of deformity iR smaller coinponent varies
directly with the extent of difference in size between the two components."
(p. 259). Further, "The types of defects and the degree of deformity ex-
hibited by the smailer component are exactly similar in 1<ind and degree to
the deformities found among single individuals-. The depressed state of
one component is the result oÅí an inhibiting infiuence exerted by the other."
(p. 259). Practically the same argument is presented in his `` Physical Basis
of Personality" <!931).
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    In S'rocKARD's opinion, both complete and partial duplicities have their
caÅíise in the arrested development of the embryo ; and the twin embryos or
twin structures of a single embryo are in a state of cornpetition with each
other cluring the course of development. The one which wins this struggle
develops ciuite normally, whereas the loser, practicaily withotit exception,
becomes abnormal. When the components are equal in size, both are normal
in structure, but when they are unequal, the smaller member is always more
or less defective. This deformity beiongs to the same type as'that found
in the single embryos.
    The validity of the above assertion was examined with regard to the
present material. For this purpose] the following numbers of single and
double specimens were used : 200 normal single embryos, 300 deformed single
embryos, 502 sets of separate twin embryos, 287 sets of partially duplicate
twin embryos. All through this paper, the embryo has been classified as
` underformed' when it has all its parts normal and in ordinary proportion,
even" if it is smaller in size than average embryos; it isi designated as `de-

formed' when it shows deformity in some part or other, or when the
development of its parts is disproportionate; the embryos that are diflicult
to classify were excluded. The materials were selected at random, by a few
Aino women, from a great nurxtber raised in the named hatchery. There
was evidently no purposive selection for any particular type.
    My findings on the material may be stated briefiy as follows :
    1. There is no distinction iR the type and degree of deformities between
the single aRd twin embryos, partial or separate.
    2. If the twins are equal in size, both are Rormal in about 80/% of the
cases, while in the rest, one or both members are defective. This is equally
true for either separate or partially-dgplicate twins (Table l>.

Table 1. Frequency of deformities among equal-sized separate or partially-duplicate
         twin embryos.

Both members undeformed
One member undeformed, the
 other deformed
Both meinbers defermed

Separate equal-sized
twins 129 sets

178 (81"3,lr2.6%)

34 (15.5th2.4.0/o)

 7 (3.2Å}1.2%)

Partially duplicate
equal-sizecl twins
161 sets

131 (81.3 L3.l%)

 15 (9.3Å}2.3%)

 15 (9.3de2.3%)

    3. If the twins are uneqtial in size, both are normal merely in about
30/Ob' of t'he cases, whereas, the smal{er twin oi}Iy is defective in more than
60% of them, and both are defective in less than 10%. There are cases,
although very rare, in which the larger twin only is defective. Of the 283
sets of unequal separate twins examined, there were 6 cases Qf this last
l<ind, but in the l32 sets of unequai partially-duplicate twins, not one was
fotmd (Table 2).
" Thus, even if the twins are tinequal in size, both twins are normal in
ca. 30.06" of the cases; and there are even cases in which the larger tw"i
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Table 2. Frequency of defornaities among unequaYsized separate or partially-duplicate

        twin embryos.

Both members undeformed
Only larger member deformed
Only smaller member deformed
Both mem})ers deformed

Separate unequal-sized
twins 283 sets

73 (25.8de2.6%)

 6 (2.1Å}0.8%)
190 (6Zl,ir2.8%)

 14 (4.9thlB]6)

Partially-duplicate un-
eqttal-sized twins---
l32 sets

41

o

80

ll

(31.1Å}Z6%)

                                                       (60.5.L4.3%)
                                                        (8.3Å}2.4%)

only is defective. The above rules' set forth by S'roci<Ai{D, therefore, hold
oniy with certain iimitations.

    It may be pointed out concerning the problem of whether one twin's
                       .deformation is due to competition with the other twin, that there is scarcely
any difference in the degree and frequency of deformity between the separate
sets and partially-dupl!cate sets, in spite oÅí the fact that such competition
should be far more intense in the iatter sets than in the fon:ner. So it
seems uRlikely that most of the deformities so commonly fouftd in such
erabryos, are brought about by such competition.
    Next, an examination was made to see whether there is any difference
in the frequ,ency of deformities occurring in duplicate ernbryos, between the
i:r}ember situated on the right side and that on the left side. Of all the 287
sets of partialiy-duplicate twins examined, 154 consisted oÅí members of equal
size; in 35 sets of these the right member was sma!ier and in 48 sets the
leftmember wassmaller. Of the 96 sets in wltich one member was defec-
tive, 57 had the defective meinber on the ri.cr.ht side and 39 on the ieft. If
both size and side are taken into consideration, we find the following re-
lations <Table 3>.

Table 3. The frequency of deformities in right or left members of partially-duplicate
        tsvin embryos---287 gets.

Relative size

Equal size

Right member smaller
Left member sinalier

Nuinber bf speci-
mens examined

i Right member
i deformed

154

85

48

 9 (5.8Å}1.9%)

48 (56.5%)

 0l

Left meinber
 deformecl

7

o

32

(4.5Å}l.7%)

(66.7%)

   Thus, as a general tendency, it may be recognized that the right member

of the partial twins is more liable to underdeveiopment and deformity than
the left.

               Findings on Situs lnyersus Viscerum

    It is widely known 'that in fish and urodele duplS.cate twins, situs inversus
viscerum occurs fairly commonly. MoR}<im. (1919) examined some twin
embryos of trout ancl found cases of complete or partial inversion of the
viscera. He also fotmd that such inversioiis appear always in the right
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member of the parti.ally dttplicate twins, and that there is no relation be-

tween the frequency of inversion and the degree of duplication. Further,
when the twins are in the autosite and pcarasite state, inverslon always
occurs in the autosite; btit there is no reiation between the kwersion and
the deformity of structure. Swis"r'ir (1921) found, also iR twin embryos of
trout, that the situs viscerum can not be relatecl to the degree of external
doubling. The inversion of viscera is not, therefore, a necessary consequence
of any duplicate condition. Tlae inversion may occur in either twin <right
or left) but it is commoner in the right twin than in the left. Parasites as
well as autosites may show this abnormality. Furthermore, there is no
relation between the deformity of structure ancl the inversion of the visceral
situs.

   More recently, Bovis'r (19e,l> found from his examination of 61 examples
of cluplicate trout embryos, that the frecluency of situs inversus viscerum
varies greatly according to the material. Tlie inversion may appear in oRe
of the twins or in both of them, whether of separate sets or of partially-
duplicate sets. There is hardly any distinction in the frequency of such
inversions between the right and left twin mennbers.
   In the weli-known series of ligaturing experiments oR triton eggs by
SpEMANN and FAm<ENBitRG (1919), it was revealed that situs inversus viscerum
appears predominantly in the riglat member of the partial or separate twins.
WimELMi (1921) has obtained situs inversus, also in triton, by removing
Some material from the left side of the blastula.

   For the factor which brings about the revers.al of tlie visceral sittis,
some attthors maintain the presence of some local cause. In SpEMANN and
FALi<ENBERG's view, for instance, the situs inversus is caused by the de-
ficiency of building material in the internal part of the right member of
the partiaily-duplicate twins. WILHELMi postulates a local center whiclrt
determines the orientation of the viscera. This center, he claims, is lacking
in the right member; heltce the reversal of orientation of the viscera.
MoRGAN (1927) also favors the view of the local cause. Certain other atithors,

on the other hand, advocate more general causes for this abnormality.
According to NEwMAN (1923), the partially dup!icate twins are equivalent to
the bilateral halves of a normal individual, so that the mirror-ima.qing of
the visceral situs is but a natural consequence of the partial separation and
independeRce of such halves. BovE'r (1931) maintains that sittis inversus
viscerum results from an aberration in the process of the settlement of the
symmetry of the embryo. The earlier the stage in which the disturbance
sets in, the higher tke percentage of inversion. Certain authors, e. g. NEw-
MAN, HuxLi?]y and DE BisiiiN' <1934), recognize the existence of a kindl of g. radient,

passing from ehe left to the right side in the bocly of an embryo, ancl if this

gradient is reversed by some infiuence, the reversal of the visceral situs
resu!ts.
    The present study I{as been ultdertaken to contribute some l<nowledge

towarcl the unclerstanding of tiiis interesting problem. For this purpose a
fairly lar.cr.e amotmt of material was .gcatherecl and statistically treatecl.
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   Fig. 1. Situs viscerum in various types of twin embryos. b--air-bladder,
h--heart, ILIiver, s---stomach. A.-Partially-duplicate embryo with the right
member showing situs inversus viscerum perfectus. B.-partially-duplicate
embryo wieh the right member showing situs inversus viscerum imperfectes.
C.-A set of separate twin embryos of which one member (right in figure> shows
situs inversus viscerum perfectus. D.--Partially-duplicate embryo with fused
Iivers.



162 T. KoMAi
    The normal configuration of the viscera (situs solitus) is as follows (Fig.

1A, Pl. II, ftgs. 12, 14, left member): The oesophagus lies nearly on the
median plane ; the stomach <s) turns first to the left side <cardiac portion),
then back to the right and somewhat forward (pyloric portion), and goes
over into the intestine which lies on the median line. The airbladder (b) lids
on the left, and also somewhat on the dorsal, side of the stomach, whereas
the liver (1) is on the right, sli.ghtly on the ventral, side. In the case of a
perfect situs inversus viscerum, the viscera appear in a mirror-image of the
normal position CFig.1A, Pl. II, figs. 12, 14, right member). There are also
cases in which this reversal is incomplete (Fig.1B, Pl. II, figs. 13, 15, right

member). In these, the winding of the stomach is less marked, and more-
over, the displacement of the liver (1) is only to the extent of being situated

in front of the digestive tract, overlying it. In the specimens of anterior
duplication of but a small extent, the digestive tract is furcated only in its
anterior portion. When the furcation occurs in front of the point of attach-
ment of the liver, the liver is usually single but double-sized <Fig. 1 D, Pl.
II, figs. 10, 11, 16).

          1. Sit"s lnve?stts Visceridim Fo"nd in Single EMbt5,0S

           a. Undeformed and deformed embryos compared

    Situs inversus viscerum may occur in single embryos. Of these, the
undeformed and deformed embryos are compared with regard to the fre-
quency of the inversion <Table 4).

Table 4' g;edqetfioerni Ye8f SitUS inVerSus viscerum among single embryos, deformed vs.

S. i. v. perf.

S. i. v. imperf.

Undeformed-200

o

13 (6.5Å}1.7%)

Deformed-420

33

55

 (7.9Å}1.3%)

(13.1Å}1.6%)

Thus s. i. v. is more frequent in deformed embryos than in undeformed.

 b. Embryos twisted to the left side compared with other embryos

If s. i. v. is caused by the deficiency of material on the left side of the

                                       right member of partially-

 Fig. 2. Embryo twisted to the right (A),
and embryo twisted to the left (B).

duplicate twins, we might ex-
pect in the single embryos,
those which are twisted to
the left side (Fig. 2, B), would

be more liable to the reversal
of visceral situs than those
which are twistecl to the right

(A>, or to the ventral side.
Table 5 shows that such a
tendency, if it occurs, is very
slight.
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Table 5. Frequency of situs inversus viscerum among twisted singte embryos

S. 1. V. P.

S. i. V. IMP.

Embryos twisted to
the ie {g .pld.g'r""-i14.

   10 (6.8th,2.4)

   19 (16.7de3.3)

Embroys twisted to
the right side---103

6 (5.8Å}2.8%)
15 (13.2Å}3L3%)

1 Embryos twisted to
 the ventral side----164

8 (49Å}l.7%)
18 (11.0Å}2.4%)

      2. Situs lnverstts Ylsceram Eound in SeParate Twin Embryos

              a. Larger and smaller rnembers compared

    Of the 251 sets of separate undeformed twins, 175 sets consist of equal-
sized members aRd 76 of unequal-sized members. Tiie frequency of s. i. v.
is presented in Table 6.

Tabie 6. Frequency of situs inversus viscerum among separate twins of which both
        members are undefornied.

S. i. v. p. in one member oRly

S. i. v. p. in both rnembers

S. i. v. imp. in one member only

S. i. v. imp. in both mernbers

Equai-sized
   175 sets

10 (5.7Å}1.8%)

o

l3 (7.4,lt2.0%)

 1 (0.6Å}0.6%)

Unequal-sized--76 sets

(Smallermember) 4 (5.3 lr2.6%)

              o
(Smaller member) 9 (11.8Å}3.7%)
(Larger member) 2 (26Å}i.8%)

. Thus, there is scarcely any tendency of s. i. v. being commoner in un-
 equal-sizecl twins than in equal-sized twins. Among the ultequal-sized pairs,
 however, it is more frequently found in smaller members thaR in larger
 members.

            b. Undeforrned and deformed members compared

     The frequeRcy ef s. i. v. oÅí the sets oÅí separate twins, of which one
 member is undeformed and the other deformed, is shown in Table 7.

 Table 7. Frequency of situs inversus viscerum among separate twins of which one
          member is deformed-226 sets

S. i. v. p.

S. i. v. imp.

Undeformed member
      only

Deformed member
      only

4 (1.8Å}0.9%) 14 (6.2Å}1.6%)
                 22 (9.7de2.0%)8 (3.6Å}L2%)

Both rnernbers

o

l (0.4Å}0.4)

    In the 25 sets of separate twins of which both members are deformed,
there are 7 (28.QO.Z') cases of s. i. v. p., and 7 (28.0/06) cases of's. i. v. imp.

    The above 276 deformed embryos have beeR classified into two groups
according to the degree of deformity, and the freq.uency of s. i. v. of each
group obtained (Table 8).

"
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Table 8. I?recluency of situs inversus viscertun among deformed members of separate

        twins.
l Deformity less pronounced--227 i Deformity more pronotincecl---'{9

- g.wwL v. p. ' l2 (s.3rkl.s%) I 7(k.3rf,s.o%)
  s.Lv. imp. { 2s Ol.oÅ}2.o%) I 4 (s.2Å}3.9%)

    Thus, of sepqrate twins, deformed members are more liable to show
s. i. v. than undeformed members. This is in line with the fact found in
single embryos. There is also a tendeRcy that more severeiy deformed
embryos show s. i. v. more commonly.

      3. Situs lnversas Visceram Found in PartiallyD"plicate 7rtvln
              Embryos <Anadidymi and Ana-Katadidymi)

              a. Larger and smaller members compared

    Of the 166 sets of partially-duplicate twins of which both are undeformed,
125 sets are equal-sized and 41 sets are unequai-sized. In the more extreme
of the latter type, the larger member becomes the autosite, and the smaller
member the parasite. The frequency of s. i. v. among the members of such

twins is presented in Table 9. .
Table9. Frequency of situs inversus viscerum among partially-duplicate twins of
        which both are undeformed

l
t Equal-sized-
I 125 sets
l

                         i                         IS. i. v. p. in one member only E

S. i. v. iT;]p. in one mernber only .

S. i. v. p. in both members

S. i. v. p. in one member, s.
 i. v. jmp. in the other

S. i. v. imp. in both members

Doubie iiver l

19 (15.2.-.L32%)

26 (20.Sth3.6%)

 1 (0.8Å}0.8%)

 1 (0.8Å}0.8%)

 9 (7.2Å}2.3%)

24 (19.2th3.5%)

Unequal-sized-4I sets

{gsirgfig,rni 2'i\lg2, 2

fLarger member 7
(Smaller member 7
              o

S. i. v. p. in

smaller member 1

              2
              2

(14.6Å}5.5%)
 (9.8Å}4.6%)

(l7.1,ft5.9%)
(17.1.Å}5.9%)

(2.4Å}2.4%)

(4.9Å}3.4%)

(4.9th3.4%)

    Thus, in partially-duplicate twins, s. i. v. is more frequent than in separate
twins. Apparently there is scarcely any difference in the frequency of s. i. v.

between Iarger and smaller members. Yet, in most of the cases where the
larger members only show s. i. v., they are right members; and, as stated
below, the rlght members are more apt to show s. i. v. So we need not draw
from these data any conclusion which contradicts the rule obtained in the
case of separate twins.

           b. Undeformed and deformed members cornpared

    Among the 94 sets of partially-duplicate twins each consisting of one
undeformecl aRd one deformed member, the frequency of s. i. v. is as shown

in Table 10.
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of situs inversus viscerum among partially-duplicate twins
member is Ltndeformed and the other deformed.

165

of

S. i. v.

S. i. v.

p•

IMP.

Undeformed---{ 4 I
I

Deformed---94

7

17

 (7.4Å}2.7%)

(18.1Å}3.9%>

l9

19

(20.2Å}4.1%)

(20.2,f,4.l%)

   Of 27 sets of partially-cluplicate twins each consisting of two deformecl
members, there are 6 cases of s. i. v. p. <22.2.9a) and 7 case$ of s. i. v. imp.
<25.9. /06).

    Thus, it is clear that in partialiy-duplicate twins too, s. i. v. is commoner

jn deformed members than in undeformed.

                c. Right ancl left mem.bers comparecl

   Among the 125 sets of eqtiai-sized partially-duplicate undeformecl twins
examined, the frequency of s. i. v. is as shown in Table 11.

Table ll. Frequency of situs inversus viscerum among partially-dupllcate twins of
         which both members are ttndeformed and equal in size-right and Ieft
         rnembers compared-125 sets.

Right members Left members
                                          [  S. i. v. p. 19 (l52t3.2%)                                                  3 <2.4Å}1.4%)
  s. i. v. imp. . . 29 (23.?ief%) .. .16.(1?-8f3•9?li).. . .

    Of 41 sets of unequal-sized partially-duplicate undeformed twins, 29 have
smaller right aRd larger left members, and 12 have larger right and smaller
Ieft members. The frequency of s. i. v. is presented in Table 12.

Tabie l2: Frequency of si'tus inversus viscerum among partiaHy-duplicate twins of
         which both rnembers are undeformed but unequaliy developed-the right
         and left members compared.

S. i. v. p.

S. i. v. imp.

Smaller right
m.--28
4 (13.8Å}6.4%)

4 (13.eÅ}6.4%)

Larger left m.
   29

o

6 (20.7,t,7.5%)

Larger
nx

 right
12

6

4

(50.0Å}14.4%)

(33.3Å}l3.6%)

Smaller Ieft m.
   12

1 (8.3,t, 7.1%)

5 (41.7--14.2%)

    The frequency of s. i. v. a'mo'rrE'-t'h-5-g'o sets of unequai-sized partiaiiy-

duplicate twins, of which the larger members are undeformed and the smaller
deformed, is as shown in Table 13.
Table l3. Frequency of situs inversus viscerum among partially-duplicate twins ef
         which one member is undeformed and the other deformed--the right and

         left members compared. ,

S. i. v. p.

S. i. v. imp.

Right normal
m. 33
5

3

Left deformed
m.--33

(]5.2Å}62%)            6 (18.2Å}6.7%)
(9. i ,t,, 4.7 %2...rm3rm2!:-t-•liE.7 % >

Left normal m.
   47

 1 (2.lth-2.0%)

11 (23.4Å}6.2.0/a>

Right deformed
m. 47
10

9

(21.3,L6.0%)

(19.2Å}5.7%)
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   All the above Tables 11-13 show that s. i. v. is commoRer in the yight
than in the left members of partially-duplicate twins. This is true even
when the twins are equal-sized and both undeformed. When the right
member is deformed and the left member undeformed, the preponderance
of s. i. v. in the right member is especially marked.

                                  d

                               .ax.va/ ur. a p c

     @t' lha7//sy.. --..fiTtHt.M,. ... .. .,,,,,,,.,., E_/g7\.;{"`.__-__

d

a

p

c x. il

I

i
t"

,i}. 11

    12 34 5678 9 le    Fig. 3, illustrating the grade of duplication in anadidymi. a-adipose fin, c---
 caudal fin, d-dorsal fin, p-pre-caudal ridge.
    1-single embryo, 2-10--anadidymi; the duplication includes respectively, half
 of dorSa! fin (2), whole dorsal fin (3), anterior part of adipose fin (4), half of adi-

 pose fin (5), posterior part of adipose fin (6), whole adipose fin (7), part of pre-
 caudal ridge (8), whole caudal ridge (9), and part of cauclal fin (10).

   d. The frequency in relation to the degree of partial duplication

   The partial duplication has been graded by the clegree of duplication
of the dorsal and adipose fins'  as in Text-fig. 3. The frequency of situs
inversus viscerum arnong the different types is shown in Table 14.

Table 14. Frequency of situs inversus viscerum among different types of partially-
         duplicate twins classified according to the scheme shown in Fig. 3-287
         sets, 574 heads

Grade

  L
  2.

     Total

35 sets 70 heads

17 ,, 34 .

S. i. v. p.

3 (4.3.-t-.2.4%)

2 (5.9Å}2.3%)

S. i. V. illlP. Double
 liver

5 (7.1Å}3.1%>
11 (32.4th2.5%)

60

16

Normal

.9.

5



Situs lnversus

.3.

4.

5.

6.

7.

8.

9.

10. '

  40
l;

I l2
i 30
l ,,

  64

  9

lt

ri

))

11

t)

1)

I7

tl
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        Table 14. Continued
80

26

24

24

60

44

128

 18

Jl

IJ

))

er

- I

lt

ee

Jl

i
i

I
E

6

3

3

2

15

6

19

3

 (7.5Å}2.8%)

(11.5th6.2%)

(12.5th68%)
 (8.3th5.796)

(25.0Å}5.5%)

(l3.6,L5.2%)

(14.8Å}3.0%)

(16.7 lr8.8.".,i.)

19

5

4

8

10

7

22

2

WPI. SalMOn EMbrYOs

(23.7,t4.7%)

(19.2Å}7.7%)

(16.7Å}7.6%)

(33.3Å}9.6/o6)

(16.7Å}4.8.'io}

(15.9rk5.5%)

(17.2,i,3.3%)

(11.1Å}7.4%)

l4 l

E
l
l

,1!

l8

17

ltl

35

31

87

l3

l67

    Thus there is scarce!y any positive correlation betweek the grade of
duplicity and the frequency of s. i. v.

                     Summaary and Coiielusion

    1. Besides complete duplicities, all the types of conjoint duplicity re-
corded by previous authors, namely, ana-, l{ata-, anakata- and mesodidymi,
have been observed. Also atypical example of Janus forrnationls recorded.
    2. In either separate or partially-duplicate twins, when the members
are equally developed, both are tmdeformed in abottt 80ffo" of the cases, while
in the rest one or both members are deformed.
    3. In either separate or partiatly duplicate twins, when the members
are different in size, both are undeformed in about 30!04' of the cases; the
smaller members only are deformed in more than 60/Ob of the cases; ex-
ceptionally the larger members only are deformed.
    4. 0f partial!y-duplicate twins, the right members are more frequently
deformed than the left members.
    5. Situs inversus viscerum may occur either in single or in twin embryo
(partial or separate). But it is apparently commoner in partial twins than
in separate twiRs or in single embryos.
    6. Situs inversus viscerum is commoner in deformed (either single or
twin) embryos than in undeforrned embryos. More severely deformed em-
bryos show s. i. v. more often.

    7. Situs inversus viscerum is somewhat commoner in smaller members
than in larger members of separate unequal twin-pairs.
    8. Situs inversus viscerum is commoner in right members than in ieft
members of partially-duplicatte twins. This is true even in cases where the
twins are equaPsized and undeformed.
    9. There is scarcely any correlation between the degree of duplication
and the frequency of s. i. v.
    These facts seem to throw some iight on the probiem of the origin of
situs inversus viscerum. Since s. i. v. tends to be associated with uRder-
development and deformation, it is apparently a resuit of a distuybance of
the normal developmental process, much as the small size and deformation
themselves*. Yet, s. i. v. is apparently more common in partially-duplicate

   '):' '{'his fact seems to be in laarmony with tl')e observation thaE the human cases
of situs inversus viscerum are commeniy associated with ether structural abnormalities,
such as hare-lip, hexadactylism, atresia of digestive tract and nialfermation of heart
(LuDwiG, 1932).
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twins than in single embryos or in independent twins. It is therefore certain
that tlae partial!y duplicate state makes the appearance of s. i. v. easier. The

infiuence of this particular state, however, does not seem to be very stron.g,
inasmuch as there is no positive correlation between the degree of dupli-
cation and the frequency of s. i. v. This fact, furthermore, seems to disfavor
the theory of a local cause accounting for the origin of s. i. v. The fact
that s. i. v. is not particularly common in embryos twisted to the left side,
also does not agree with this theory.
    It is also remarkable that the right member of partially-duplicate twins
are rnore liahle to underdevelopment, deformation and s. i. v. This tendency
can only be accounted for by assuming the presence of a kind of physio-
logical gradient from left to right, as has been pointed out by some previous

authors. Hence:
    10. Situs inversus viscerum seems to be a phenomenon associated with
the disturbance of the normai developmental process, and due to a general
rather than a Iocal cause.
    11. There is apparently a kind of physiological gradient passing from
the left to the ri.crht of the body of a fish embryo. The clerangement of
this gradient probably brings about the situs inversus viscerum.
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                        ExplaRation of Plates

                                Plate I.

                                (l::r- liver)

     Fig. 1. A katadidymus.
     Fig. 2. Another 1{atadidymus dissected.
     Fig. 3. A pair of separate twin einbryos with polarities almost reverse of each
other.

     Fig. 4. The Janus embryo. -
     Fig. 5. The same embryo dissected and viewed from the other side.
     Fig. 6. A Åëase of triplicitas anterior.

     Fig. 7. An anadidymus with an additional deformed embryo on the yojk sac.
     Fig. 8. A Pair of separate twin embryos, of which tlie left one in the figure
shows situs inversus'viscerum perfectus.
     Fig. 9. A pair of separate twin embryos of which one is severely deformecl.

                                PIate Il.

     Fig. 10. Duplication pf head region enly, with'a severely deformed Ieft member;
the livers are coaresced and situated on the right side of the digestive tract.

     Fig. 11. Duplication of head region only, with partially coaresced livers.
     Fig. 12. Anterior duplication down to middle region, the right member showing
s. i. v. perf.

     Fig. 13. Anterior duplication down to a point slightly in front of middle region ;

the right member showing s. i. v. imperf. '
     Fig. 14. Anterior duplication down to necl< region, the right merriber showing
s. i. v. perf.

     Fig. 15. Anterior duplication almost down to anal region, the right member
showing s. i. v. imperf.

     Fig. 16. Anterior duplicaLLion of about the same type as in Fig. I4; the livers
are cearesced and placed in front of digeseive tract.
     Fig. IZ Anterior duplication of about the same type as in Fig. 12, the right
member showing s. I. v. perf.
     Fig. 18. Ana-katadidymus of which the right member shows s.i.v. perf.
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