
 MEfttoms oF 'rl{F. CoLLEGF. oF SczENcE, Kyo'ro Its(pERIAL UNIvEp.srcY, SEIUES 1!';,

                 VoT., II, No.. s, AiurlcLE ,ii, rg26, .

           Genetic Studies on C7-ipP'le'd, ,

a Mutant Character of DrosoPfrila 77iunla' no.aasler.
  -
                      '                      1•
                            By

                       TAKU •KOMAT.

             I)rofessor oE' Zoolagy, I<yoto Imperi:1 Vniversity.

T•I/iZlg fPlales' XI/IZT-2Xrrr ancl one Texij.cizt7'e.

(Receivecl October 26, ig26.)

                        Contents,

tsT'S-R.ODUCTION ,.......,,.....,.,..............,..,...••,`••••••••••ti•••-••••-•••••••••••-•t•1•

ORTGINT•AND DnSCRIPTION OF CRIPPLED ..,............,...,,..,.;...,...,.....

CRTII}-K

                                      '   Description,.,..,......,....,..,..,...,................,..,..,..,........,..,,...,,.....,.....,..,

   Influence of Environment on Character Crijb-h .
    Age of parefits ...,....,,...........,.......................,..,.....,..,,......••,••••.••,••.

    ITIigh temperature .........,......,.........,.....,.................,.....,.....,•..••..••.••'

    Low temperature ,...,...............,...,....,..,.,....,................,.,....•..,i•.•,,•.

    State of food .....,,..,.,............,..,.....,.,..,.....,......,.....,.,,..,.,.............•.

   Inheiitance of Cavib-h ''
    Cav)6-h, a recessive character, may be concealed in homozygotms state...,.,,..

    No special type inherited .....,.....,,.,.........,....,,.,,,..•.,..,••••.••••••••••••••••••

    Ri{]ht or left determined at random ..,..,..,....., .......,..,..,..,......, .,.....,..
      b
    Locus of cftP-ft factor in chromosome ...,.,....1,.....,......,.......,,••,•••••.•,.••

    ll-iiless-a modifying factor for cnip-lt?..,......,.,..,..,.....,,.,..,,••.•••••••,-ny,

   Origin and Description ..,..,,.,...,..........,,.,.....,,.....,....,.....,...,.i,•••.••,•,,••.••

   Redapltcation of Middle Le.cr •••••••••••••••••••••••••••••••••••••••••••••••,•••••••••••••••.

   Rules of R.edulication..,.••,••.••,••.•••••,••••,••,••-•,,••,••,,.,,..,•,••,.•,•-..••.•..•-.•:

   C't• 'iP' -m ancl..,.$tqt'e of Food .••.••,.....,.....,.,...........,,,..,.:,,...,....,,,,...,.,,,,,..

9i2,i
3I2

'i•lii
'ig

iii



2I2 TAKu KOMAI :----
      Tnheritance of Cri)b-fit ,....,...,.•,.•..,..,,,.••...,,•,.•,•••,••,•t•••,•-,•••i••••••,••••••,•• 244

   GENERAL DISCUSSION ,.,...,..,.,..,....,,.....,...,.,...,. ,....,,,.,..,.,..,....,....,., 248

   SO],)qlE ADDITIONAL R.EMI IARKS

      Cases of Reduplication of Fore Le.gr.....,......,....,......,....,...,.....,.......•...... 25o

      B'actor reducing Crossing-over Value between the Loci P7et)ble and Cinnabar.,•,•. 250

      Reversion of Factor for PitfPle ..,..,...........,.........,..,.,...........,,.,.....,..,... 2Si

   SUMMARY ....,,,....,,.......,.....,,.....,.,......,.,..,,.......,.,,,....,......,.,........,•••••• 2S2

   LITF.RATURIE CITED......,....,..,,.....,....,,....,...,.,,..,.. .,,....,..,..,..............• 25S

   EXPLANATION OF PLATES ,,,,..,....,,..,....,......,..,..,.,,..........,,..,..,....,... 2s6

                       1N'1'RODUCTION

    This work was begun in tbe Zoological Department of Columbia

University in October ig23 and continued in the Woods Hole Laboratry

during the sunimer of the next year, unti1 I left America in the midd!e

of September. Thus I had to drop the xvorl< unfinishecl and incomplete

in some respects. Iffowever, since I have Ro prospect of taking' it up

again in future, I thought it best to publish it so far as the results I

had got go. iBefore g"oing any further, I feel it my ple.rtsant duty to

express here my sense of .eqratitude for the hospitality extended to me

by the staffs of those institutions. Especially are my best dianl<s dtie to

IProfessor T. II. MoRGAN, Doctor A. I-I. STuRTEvANT and Doctor C. B.

BRiDGEs to whom I am lndebted for invaluable advice aBd suggestions.

The inain results obtained from the worl< have been written for

"Genetics." The present paper contalns more detailed accounts of the

same data.

       OR!GIN AND DESCRIPTION OF CRIPPLED
    The fly which became tlie ancestor of the strain on whicli t!ie

present study was carriedi out, was a female from the blacle Pzi7'Ple

ci>i7iaba7' stock. She had the tarsus of one of her hitid le.crs curvecl

sharply foxxvard (Pl. xvii, fig. i). This fly was crossed with one of

her brothers, and .o.'ave some offsprin.cr with a similar abnormality. The

strain of this new niutant character was tlius established and nanaed

                                                       ncripPled, Some time afterwaiids, the original stock of blcrcle PurPle cz)i7gof)a7'

was fotmd to contain some fiies with a similar abnormality. The character
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oÅí these fiies, wlxen examined, revealecl to' be geneticaily the same as tlie

character previously fourid, It is therefore very li1<ely that this mut;aiit

 character had appeared in that stocl< some tinae beÅíore it was first

discovered.

     There are some stril<ing feattires of this cnipPlea. The character

appears either in one of the hind or micldle leg anc3 practically never in

the front ie.cr. As a rule, only one leg of those two pairs becomes

al}normacl. Furtlier, the abnorniality of the middle leg belongs to a type

entireiy different from that of the hinct leg. NVhen the character appears

in the hind leg, some of the segments are shortened, or broadenecl, or

swollen, or curved, or tsvisted. Sonietinies, tliis occurs only in one seg'ment,

but more commonly in two or more at the sanie tinie, thus disfigurii3.cr

ofteti the entire ieg; eveB cases are met witli in which soine of the

distal se.crments are gone (Pl. xvii). When the iptcldle leg i's affected,

on tlie other hand, the ieg inay be forl<ed, or dwindle as a whole, or

may disappear entirely (Pls. xviii, xix). And what seems interestingr

is that the state of food apparentiy cietermines whether the midclle or the

hind leg is to become abnormai. For the sake of description, I shall

hereafter discrkMinate those two types of cri)Pleal by cailin.cr theni crip-li

and crip-m respectively, according as the character appears in the hind

or the middle leg; but when there is no need of discrknination, the

character will be callecl cnPPIeal simply.

                              CRIP-H

                             Description

                                     '
     As mentioned above, criiO-li, tlie abnormality of the hincl leg, is a

character liable to inuch variation. The fly having the factor Åíor this

character in the hcmozygotis state, may be quite normal in every respect,

?)ut may have its one hind leg' more or less deforined. 'III'he abnormality

may appear in any segment from the coxa to the tarsus; and the segment

is shortenecl, sxvollen, straightenecl, crool<ecl, or twistecl. This niay occur

in only one segment ; but more commonly more than one segment is deform-

e(l act tlie sanÅé tinie. [Frequently also tlie leg' lacl<s some of the cllstal
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segments, In extyeme cases the entire leg is niissing, leaving scarcely

alty trace whatever. In Pi. xvii some oÅí such cripplect hind legs are

shown. Fig.i shows the leg of the fiy in whicli the abnormality was

first found. In fi.crs.2 and 3 the tibia, as welL as the proximal segments

ef tlie tarsus, is sonaewhat disfi.qured. !n fi.qs. 3 and 7 the entire leg is

shaped something li1<e a cork-screw, some of the segments being twisted

more or !ess. rn fi.crs. 8 to io, i2 and i4 the entire leg is folded up,

ancl practical!y every segment is abnormal in shape. In figs. i4, 2! and

22 the segments are swollen and much deformed. Lastly, in figs. i8

to 2o and in figs. 23 and 24 tlie !e.cr lacl<s soipe of the distal segn3ents.

    IExcept in cases where the abRor!nality is very slight, the crippled

leg is apparentiy useless to the fiy, the fly usually drags it while walklns..

rvIoreover, such a fly often has one of the wings folded, evidently owing

t'o the hind leg of the. same side being crippled and ikcapable of extendit]g

it'

    As mentioried already, this character appears usually IR oniy one

hiRd ieg, the right or the ieft, but fiies ma)r be found wlth both leg's

crippled. In such cases there is ttttle similarity betweeti the two legs-fig'.

!s is an exaniple of this kind.

    Exceptionally, the inictdle !eg shows the same 1<ind of abnormality

(figs. i6 aiid i7)• In these cases the hind ieg of the same side is also

abnormal, practically without exceptioii. Sucla abnorinality of the iniCidle

leg belongs to a category different from crzlb-m to be described later.

       Infiuence of Environment on Character Crip-h
                           Ag'e of Pa7'enls

    Before worl<ing on the infiuence of the environnaent on the character

crip-li, a sort oÅí preparatory experiment was carried out, to see if the

age oÅí parents had[ aiiy infiuence on the character of the offspring. Thus,

a p3ir of fiies homozygous for tlie fcactor criip-7g were put in a bottle and

left for eight days;and before any Fi fly came out, the parents were

transferrect to a second bottle, and left thexe for the next eight days.

Sometimes, the same thin.cr w• as i`epeated for a third bottle. These two
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(or three) bottles xvere put in the same 2)-O C. incubator and the percen-

ta.,cr,es of t'he crii6-li flies which caBie out xvere comp.[.trecl. Altog'etlier a

dozeii sets of szich bottles were prepared. 'II]he result is shown in table I.

                             TABLE l.
                     Age and percentage of crfip-lt fiies.

Citltuve
 Aro.

 I9

I40

2I2

2I9

2I3

2S2

23I

28I

2I32

2I34

2I37

2I38

B•rood
 Aro.

iilll

7btal nnmber

I

l

l-

l

Perceitto.o'e of

  cnP-la

ill
lS3i
'si
;ii

E2}

    6•I
    8•I
   IIt9
    6•g
    5•8

   II.4
   IS•S
   27,4

   II•4
    9•8

   !2•7
   ls•6

 D*I8.2{ d 29•S
{2 Z3,I4,

D 2g•6{
 d 2r•7
{24,o61o.

{b9•fo•il 5,9iZ

 bfbfTn 44'4{
 f)n:ii 4I'5

   I4•6
   I2•7

    7•8
    5•8

    8•4
   2I•3

  bPr I3•4{ bPn'n 5•9
  bPr 6•s{ bPttn II•8

       "D-flies wlth the third-chroinosoine doininant character Diicltaetc' ;

       b•-blacl,', Pr-Pnrfle,, cn-cg)mabar, all secon(I-chromosome reces.slve

       char.lct'els.

    In the table, [NTos. ig, 2i2, 2i3, 23i, 2s2 ancl 2i37 sliow that

the percentac ge of c'rip-li is higher in the later brooc]s lhan in the earlier,
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whereas, Nos. i4o, 2ig, 2i32 and 2i34 show tbat the pei]centa,ge is

.1iigher in tlie earlier broocls than in the later. In the remainin.o.- two

set's, Nos. 28{ ancl 2i38, the result is self-contyadictory, thatt is, in

some classes (b jor cn in Nos. 28i and 2i38) the percentag'e of the

cnle-k fly is highei` in the later broocls than in the earlier, whereas, in

the other classes (j6r cn in NTp. 28i, b Pr in ls)saXo, 2i38) the reverse is

true. It seenas unlil<ely then that the a.cre of parent's has any clefinite

infiueiice on the charactter criP-li of the next generation.

                          L-7ago"li tenzPefatztf'e

     OE the two bottles prepared in tlie Rianner described above, one

was putT into tlie incubator in a tenaperatvire of 2gO--ny3oOC. while the other

was left in the orclinary temperattu`e, 2sOC. I"Ii' gh temperature accele-

rates the development of the larvae and shortens tlae larval l),eriod more

or less, sometimes by txvo days; so that the counting of the fly was

finished on the elghth day from the .clay the first fly appear.ecl iR the

bottle. The result of this experiment is shown in table 2. 0f all the

 eig'ht sets mal<ing up each of the two bottles, seven show that high tempera-

 ture produce niore cnip-k fiies-the difference heing J"s to 6o per cent of

the percentage of c7'ip-li flies reared in 2sOC'. Only oae set, No. 246,

 appears to sho"r a contrary result. Bnt here the brood of the fiies in

 the 2sOC. bottle was much snialler t'han that of the higher tempeerature,

 ancl as wil! be shown lat.er, the percentage ef the c?'ip-ls fiies varies

 accorcllng to the size of the broocl-the larger the broocl, the lower the

 percentag"e-hence, one can not say tliat tlie, result of this .set is really

 contraclictory to {he genemcl result. .

                           Loiu tie7n.Peraafure

     Ant simitar experinaent was carriecl out for iow temperature. The

 orclinary ice-box was usecl to .o"et a low temperatt}z'e, which flucttiated

 betweeti 80 to i.sOC. Such t'eniperature retardecl the clevelopment of the

 larvae consider.ably, ancl the Fi flies wexe countecl for about a month

 `iofnteei'hteeiecirficrcSltfiieYs icl`liiinagPPtpmI:gellineAtlOSt Of the culti-ires proclkiced less than
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   Table 2.
teniperature on the character crt,ib-lt.

eXc. 2I7

Citlt•ure

 Aro.

l
642

742

842

942

2SI

P

          cr7P-lt  cl?P-lt
        Å~          cl lP-h  ervle-le

    17 11

    11 21

cnP-h x S
        srri;b-hc17pa' -ll

    11 11

--fzr.?ipilewwÅ~ crip-h

  ei-ip` -h

    11 11

criplt x S
        s-crmp-herip-h

1

$

171

fY reoti

 ATo.

*;{
*;{

;{
:FlI
a•;lI

Totctl

nuntber

iki5

i
864

;i;
:g:
5oI

ggg

:gz

.Petzrenta..ae of

   crtib-lt

ggi

z'ii
il    sgi`ggg

?gi
5Ig5

gg4ll

'i"relli

71gn3bP4C

    '2    :    g    'kl    llll,llib .'/li

                * Broo(l reared in liigh-temperature inctibater'

    S-FIies with second-chromosome clominant character Star; +-XVi!cl-type fiies

    Of tihe two bottles which contained two successive broocls reared

from the same pair oÅí flies, usually the first bottle, but occasionally the

seconcl bottie, was 1<ept in the ice-box, In all, ten sets of such pairs of

bottles were prepared.

    As shown in table 3a, the bottles kept in the ice-box yieided a

reiatively higher percenta.o'e of crip-li fiies than the corxesponciingr bottle

that had been ieft in the 2sO.C incabator. The percentage oÅí such flies

in the forn'ier bottle is in most cases 6s to 7s per cent, whereas, iti the latter

.it is usually 2o to 3o per cent. Tlms, it is clear hat, even if clue allowance

is made for the difference in the size of the broods of the cold and ordinary

                                              '                     '                                                   '
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Effect of low

TAABLE
telllpel'iltuve

 nga.

clitu'acter crip-h.

Ctt.l!nre

 No.

l

l
l

P

244

273

230

28S

286

288

l
crip-lz

criip-lt

crt' P-lt

2g8

3e9

294

297

cf7LP' -ll

1
Iop,7ip-hÅ~
I Ci77,-le

l

E

E

Å~ ci7: -lt

   crxP-7e

Å~thtP-li

c17P' -71

ci7)'6-h

th.p-hÅ~
  crpt-lc

tl

11

11

21

!1

11

s,

  cri)6-h

ptt:h

11

11

21

11

11

11

271

Broodi
 Aro.

{:g

{i*

iI
*5{
:tclI
*E{
*E{

E{
:k5{
*s{

 7btal
nuiiiber

377
  6

I6s
J78

409

 37

ges
g,ef
?f 2

g9 2

gi I

gg 2

gl 2

r`Z,i[sc
 t.y2rsPe

E

    3S•8
   IOO•O

    7I•7
   27•5

 D 2I•8{
 ti I5•7

D 66•7{
 d Ioo•o

    76`8
   2g•6

   6g-7
   27,e
   26•g

   75•6
    I9•9

   75•o
   2i•5
   68•9
   28.2

   6g•o
   33•5
   68•8
   22•9

Effect of low

     'i` Bi'ood rearecl in

           TABLE 3
teiiipei'ature on character

 ice-box

b.

crip-h in 1ieterozygous state.

Culturtf

 No,

230

2"f3

284

P

2g7

crip-h

1

crip-h

Å~en,7P-lt

en.tP-h Å~
  crip-h

    ll-

11

i

  criP-h

11

/1

Fl

Broed
 No.

I

ili
ii

 Tolal
n?sfnber

409

 37

i6s
I78

 96
236

 76
I8g

Peivenlas)'e of
   C?7P-ft

D o,oId o•o

{D 2e,o
 d 2s•o

   24`I
    It3

   I7•7
    o.o

   23•7
    I.I

:i• Broo(l reared ill ice-box
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bottles, the difference in the percetitages of crde-li flies from those bottles

is fairly great.

    IFour cultures of flies heterozygous for the factor cnli6-li were rearecl

in the same ice-box. IFrom these there appearecl i7 to 2s per cent crth-li

fiies, iri ali of which the abnormaiity was rather slig'ht (Table 3a). A

culture of blacle 7tzimly flies having no cpti3b-li factor was reared in the

same ice-bo>< and procRuceCl no cni6-li fly among the progeny. These

experiinents seem •to indicate that the abnormaiity found in those flies

reared in the lce-box is due to the presence of the factor for cnit5-li.

                           Side of food

    There is a mor,e or less remarkable difference in the percentage of

cri2ei-lz fiies between the earlier and later counts of the same bottie, the

earlier counts usually cotmtainin.cr more cfiP--li flies than the later counts.

In tabie 4 the percelttage of cptz)6-li fiies of the first four days anc] the

same oÅí the last five days are shown for comparison. In niost of the

cuitures we find that there are more crile5-li flies in the earlier count

than in the later count. This difference is as a rule greater, the iarger

the broocl.

    This difi(rerence is without doubt not due to the larval or pupal perio{il

of the cnip-li fly being shorter than that of the normal Hy. Because, if

the parents are transferred to a new bottle, the san3e chEnge is repeated

iR this bottle; and the percentage of the abnorma! flies from this bottle

as a whoie scarcely shows any difference frona the percentage of the

first bottle.

    Thus the cause of the cliange is evidently not anything "intert]al,"

but is "extertial," and probably connected with the state of food which

undergoes considerable chan..cre in the coutse of culture. Further consl-

deration ori this question "Lvill be deferred to the chapter in whiali the

cause ofl the procluctioit of c7'iit5-ni fiies is discusLgecl.

                              '                   '

                     Inheritance ef Crip-h

Crilir5-li, a 7'ecessztr.,e cliarac!,e7', ma", be concealeal z'7z• Xlie liomot•.y..croits sXale.
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   TABLE 4•

 pei'centaF,,es of cnP•lt. fiies 1)etweeii the

later cotmts of the sanie culttire.

Crztlt•it,re

No.

'ilil'il

i4ii'i

loli

I62

iigi   2

 Totcil

nit.vnbe7'

z'il

iii3

ii

i6ii
igi,l,

762

i8iEl3

li

Percenta.cre efc77P" -ls

EarliZ,r coienl

cnip-h
1

            ,il111i

ilii

s,i
i•i/i

f}
   ."  ttl!1

iiii

'k

ll      •2ikii2{

Crvle-712.

I

Zater co7tnl

c17P' -lt

'i
s  El

Ii

ii

i,

i
illii

Si

'iil
li

12li'ii,f.I
?Ig?

liiI2{

o.4I

cr7)e-fiz

E

f

ig
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TABLE 4• (Continticl)

Crltltlt.7e

 Aro.

'k

iki4'i

i5ii'i

g.il'i

illiiiil

 7btal
7n"inber

:gi

gg;
11'

g'ii
l'kiii

igii

.PelTe?lta.cre of CrvP-7t

Eailtlrr count

cnP-lt

ii
'ii:. "

g:?
lllllli'  i

li

CptIP-ljt

l

'

l

2.2

-
-
im

-
-
-
-

-
A
-
-
ps
im

6 .

o

-
-
-
-

5 .I

he

-
-
rv

*6 '

o

Later count

cxip' -lt

ilii
iii

l,li.
1i

::gl
lli'

llll
llli'11

i
i

l

'

l

L

lpiliicx.

/ili  I

iilii

ii'2  I

s:i
iSiliii

;sc Flies lackina a
    e

ft'ont leg.

i
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    XVhen a criip-lz fly is crossecl with a wild fly or a fiy of atiy utu'elated

sttfain, most of the Fi inclivicluals producecl are normai, and very fexv are

cTiloIPIetl (IL"abie s). Sometimes no abnormal inclivSclual is founcl timon.g

         TABr.E 5•

Cross between criP-h ftncl wild-type fiy.

Citltit7e

 Aro.

    lil

11i,

   ll

E F[

P
I

i

 Total
ttunxber

b7Sren Å~ bPren cnib-h

     11 11t
     11 11
          .x.,:7d]) bpi'c P.v sP Å~ bMr en enle-1"

     11 11
     11 71
           g••:ÅÄ
rit lt st PP ss es Å~ bPTen c]7P' -h

7?l•tt b7Y) e75xsf, Å~ bPicjz r.i7)'6-h

     Xl !f
     21 11
     11 17

l

[

1

ilii

iiii

rbS .

of
zr    )bt

'i

li

o

I

:i: I ly with conibination of second-cl]roinosoine niutant cl)aractei's :

blacl., rbY, ?Su27>le .rVb,Y, cuf•z,etl rc7, Plexit,s r)bxj ancl s)beck rsp7.

'i::i;FIy with combination of third cliromosome mutant characters :

ltro>.i, pttY, scoolel rst,1 Peach rPP7, sPi>itless rss? andi sooXi:i res7

dnnpt rTdpv,

7vn.trliei'd rf7t-Y,

tke two or three hundred flies which inal<e up the eRtire brood. If theye

are atiy, the mirnber is usually only one or two. The percentag'e of

crzlo-lz fiies in such a cross, thereSore, is always lower than one and

sometimes even zero. IR other words, the factor for criP--lg usualiy

behaves a,s stecessive, but caR be slightly dominant in some exceptional

cases.

    IR Fi tliere appear some cnip--le fiies x/rhich are homologous for the
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factor. The nuinber of those flies, however, ls varlable aRcl always

snialler than the number expected on the basis of a simple recessive
factor, since fiies which ' should be crippled geneticaliy, may frequently not

be crippled at all. But if one breeds two such fiies together, he gets

quite as naqny crippled flies in the next generation as when two cripplecl

flies are mated together.

    The cross between two flies homozygoius for tlie factor for crziplz51eaf

gives usually io to 3o per cent oÅí abnormal fiies, more rareiy s to io per

cent or 3o to 4o per cent the perceiitage never being as kigh as so, unless

the culture is bredi ln low or high temperature (Tables i--4).

                      No sPea'al tyPe z'7zlienZeal

    Eviclent!y no special type of tlie abnormality is inherited. ]NTot oRly

do crile-li fiies of various types come out of one and the same bott!e,

but a soniaticaily normal pair having the factor for crcb-li in tlie horaaozy-

gotts state, may prodyce a number of very abRormal fiies, just as much

as a somatical!y very abnormal pair do, To examine this fact more iti

detail, I selected as parents, fron3 one and the saine brood, three pairs

of fiies which were different in the gi'ade of abnormality, nan3ely, normal,

slightly crippled and highly crippled, and compared the percentages of

the crippled flies amoRg the Fi 1)ro.creny, The result is siiowR in table

6a. Ili?urther, from each of these three cuitures, three pairs of flies were

selected again in tke same manner as above, and were bred together,

ancl Nos. ii64i-ii663 of table 6b were obtained. Thus, NTo. u64i,

                           TABLE 6 a.

Coinparison of the results of inating of nonnal, slightly crvib-lt, ancl'highly crile-h individttals.

Critlt2g re

 No

n64
!I6s

il66

l)

  Arotmal
Sliiso'lttly crip-lt

lfiiscrltl-v cr7P-h

lil

 7btal
iiuinber

i

2s6

283

238

l?ercentasre

   of
 c? 7it>)bletl

!4•5

26•g

33•2

I?ercen ta o'e
      bof sliise 'li tl.i/

 c"io-lt

 8•2

I5•9

I3•9

1)eiifeitttxbo'e

of lt ig'lt l.y

 cnP-le

 5•S

 9•2

14•7

PUITcVlftrsre

   of
 CrvP-711

I•2

3•S

4•6
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                  TABLE 6 b.
Coniparison of the resu]ts of inatii]g of norinal, slightly ci•?P' -lt ancl

  • . highly crip-1` inclivbtials of Fi in table 6a.

Cttltuie

 Aro.

II64z

Il642

zz643

R6sl
II6s2

II6S3

II66I

II662

II663

Fl

  Normal
Slgiscr7itl.v cf7jb-h

ll7Scrltly cflP-h

  Normal
Sltlr•htl.;, cl?P' -h

ll73ofily cnP-h

  Arormal
SltScrlitl.i, crip-h

ffig'lil.v c,ip-h

Fl

 7blal
n2t7fzbet

3S7

283

377

262

327

 99

401

328

3SI

Percentabcre

   of
 ef'ip' ptled

27•S

23•7

!9•9

32•7

26•3

29•3

2r•9

27•4

3o•8

Percentag'e
ofsltkktl.y
 crtP-li

I5•1

14•1

rl•9

I6•8

l3•5

IS•2

II.9

II.O

IS•4

Pereentag'e
of li ig7t ly

 cnP-lt

II•S

 9•S

 7•7

I4-I

I2.2

i4•I

 8•2

IS•9

I3•4

Petcentage
   of
 c•rxP-m

o•8

I,I

o•3

l•5

o•9

o.o

2.2

e•9

2•3

                       '
for instance, are offsprifig of two normal individuals from the Fi getieration

of No. ii64 whose parents were also nornial, while No. ii663 are th•va

progeny of two highly crippled individuals among No. ii66 which came

from a pair of lil<ewise highly crippled flies. These two cultures, Nos.

ii64i, and ii663, accordingly, are the results oÅí a sort of seiective

breedin.cr for two sticcessive generations of normal individuais on "he oRe

1]ancl and highly abnormat itadividuais on the other. As shown in that

table, tlie difference in the perceiatage of cneP-lz fiies betx?veen tliose two

cultures is smail anci{ insignlficant. Tlae otl]er cultures in the sanie table

show similar resuits.

                Rzklit or lefl aleter77iineal coaf fu7ido77z.

    Also there seems to be no fixed rule according' to which it is

cletermined which hiRd leg (rig'ht or left) is to beconie abnormal, tliis

being detevminecl apparently at raRclona. In table 7 the head {ine indicates

the side of the leg oÅí the parents which is crippled : N-both legs noi'mal,

Tfleft leg crlppled, R-right ieg crippled, B-both legs crippled, while the

other lines below show the nurnbers of the offspring in which the right,

or the left, leg, or both legs are crippled. Tlie totals at tlie bottom of
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the tabie seem to show that there can hardly be any ru!e according to

whicli the sidu of tl]e le.cr to become abnormal is to be deterinined. It

naig. ht be noticed, however, that, when both pareBts have a crippled right

leg, the offspring tend to have a crippled leg on the right side .g little

more Åírequently t!ian on the left side; and the same in principle seems

to be true when both parenbs have a crippled left Ieg-ln short, the

offspring tend to have the deÅíorniitY on the saine side as the parents.

Bztt, the preponderance of the san?e side over the opposite side seems to

be too sliglit to say anythin.cr further posi`tively on the basis oÅí it. Perhaps

this isathing" altogether accidental. .'
                 Locars of crip-le faclor i>z clzronzoso7ne

    Son3e black Pit7'Ple ci)inabapt c7'iip-le fiies were crosseb wltl] .Slar

Dibliaele fiies and several Fi Star Dz'cliaeXe males were bacl<crossed to

blacle PurPle cJ'nfzabar cnjP-li females. Tke result was that none oÅí the

cnip-li flies that appeared in the nexe generation was Sla7', except a few

Slar crip-li flies which were tested and found to be heterozygous for the

factor for cnip-lg. There were, on the other hand, practically as n)at3y

Dz'cliaele cn)-li fiies as there were not-Dibliagte crip-li flies (Table 8>.

It ls clear then that the iactor for cnP-li is in the second chromosome

the same as Stapt. This fact was also proved by mating the bJacle

PztTf51e ctnna4ar crip-li fly witla tilie wild fiy and bacl<crossing the•1?i fly

xvith tlie blacle pttrPle ci)maba7' cnib-li fiy. 'YVhen the III?i maie was bacl<-

crossed with the blacle PzirPle a'fifzabapt cn)-li female, all the 'c7'ip"k flies

that appeared in the next generation were also bl.acle PzaPZe cz'nnabar,

except a Åíew heterozygotric wiid-type crz)IPIeal individuals. When, on the

other hand, the feinale was bacl<crossed, most of the crilb-li fiies tlnct

appeared in the F2 generation were also blacle P2irPle ci>znabar; but

there .xvere some PztrPle. cz'nnabar (not-blacle) cptip-li fiies anaong them

(Table g)• ' '' '    The fact that tlie Pu7'Ple cz>znabar (not-blacle) fly n2ay be cripPled,

stig.crests that the factor for cnP-li is lccated to the "right" of l)lacle.

Accorditigly, ten blacle (not-PitrPle not-ci7inaba7') fiies and more than eight

PitrPle ci'nnabaT (not-blac7e) fiies that had come frorn thL's crossing-oxrer
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                     .TABLE . 8.

      Backcrossing of heterozygous 'Stur-Diicliaete or rDfoltaete

          c>ip-h male wkh bom.ozygous cptP' -h female.

-229

C2tltute
 Aro.
   I'

   li

liiiii

i.Ii 2

p

ez-f•
Itlilii.npi

gx
-hipcx
;hec

i'i

ii

 o'3 i;i'ii gxf:"mp-i

5/

4
 eti

zij

  e-hst:   ijip

 gk' ib?1i lccl

U

Fl

,Total

i,li65
lli'

361

    ,gili    21

Pereenta.ore ofcrvP-h

SD

   ,<.,

 I•3

IO.2

I8•8

27•S

sdi

9:oll•

lill

iIl

sD

l
E

28•6

2I•I

iJ•3

J. 8•2

29.0

4i•6

J'g•i

23•4

2I•8

IO.9

2gt6

3I•o

sd

38•6

36•7

42.o

29•5

23•3

4o.o

20.0

4I•8

I7•I

27.0

2I•7

38•g

between the ioci blacle and PztrPle xvere tested for' .the factor.fOr' cnPVi.

It was found that the bfkiqle. (not-f5ztr251e not-ci)mabar) fiies were never

homozygoiis for the, factor'  for criP-k, while the.2ztrPla ci7w(aba7' (not-

blacle) fiies. were ilonagzygous Åíor tlie factog without .exceptioil (Table .io).

These experiments have shown that the factor for crip-li probably dges
      '     tt            tt ttnot iie'between the lgci bla41e and PztrPle, but is located betweeia the lgci'

PztrLPIe and cd?znabar• IFurther, teti bimle z5zirLPIe (not-cz)i7zccbaf') flies .andt

seyg'n ci'miabc}f' (not--blacle ngt-Pu7'Lz51g> fiies that hctC{ cgme from the crg.ssing-

over between tl]e loci Pgt7'Ple and cibesgabar were tested. . It N?iras found.

th?t nine of the ten blacle Pz•tptPle (not-ci)i•izabar) fligs and five of the seven

cln7zabar (not-blacle not-PitrPle) fies were homologous .for the factor in

question. AILso, two blacle "bgnaba7' flies which had come from the double
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                  TABLE 9.
Backcrossing of lieteozygous black ibuf;tble ci7titabai' cZtP-h with

       liomozygous black, PurPle cinnabar cf7P' h..
                                      .

 C?tlXe"ie

  No.

 248:I:

 24g:kt

 248a

;  49a
  2I3
  239
  2I6

{gg?

{  222
  234
  237

bpi'cn ci'ip-h

 bPrcn crii6-h

     17

     11

     11
bPrcn ci7ip-lt

     17

     11

     21

gx

-9-Å~

bPnrn criP-lt
          .z;`

    17

    21

    xl '
bPlwt c?1)o-h
          TbPrcn cnP-le

    11
    11

    11

Fl

TotaI

n2smber

394

366

I05

3oo

g83

62i

8o8

II57

Pereenta.o'e o!'crip-li

+

o,o

I•I

o.o

o,o

o.o.

o•6

o.e

o.o

b?Sv'cn

43•4

33•7

32•I

23•3

I3-7

I3•8

Io•7

I4•5

b Pre7Z

o.o

o•o

oto

4•I

I

 o.o
i' I2.0

:

I 4•,

 3•o

bPr

o•o

o.o

o,o

o.o

bcn

 o.o

 OiO

33•3

 o.o

                     '": P)roods reai'ecl ni high teinperatare.

cyossin.cr-ovey were tested, and one of theni was found to have the factor

in a homozygous state (Table io). Tliese experiments have shown that

the factor for crip-li is located betrveen the loci XurPle and cz:ignabar,

wltich are kRown to be at about s4•s and s7•s respectively (BRiDGEs and

MoRGAN, 'Ig; CLAusEN, '24; MORGAN, BI<mGES and STuRTEvAN'y, '2s).

               llazblless-a modifsz>ig factor for cnip-lz ?

    A Di'cliaele .Eirairless fiy was crossed with a c77ip--li fiy, aRd five oÅí

the heterozygous Dlcliaete ]falf'lc,ss daughters were bacl<crossed with the

cnbk niales. As shown in Table ii, in all of the five cultures mor.e

cnli6-k individual were found amon.cr the ffaz'rless flies than among not-

.iCirairless flies. Thus, the factbr Åíor I-Iairless seems to have a tendency

to mal<e fiies erippled ,wh{ch shoulcl otherwise l)e normal. The fiies

heterozyous for the Åíactor for c7'zl6-k are not made abnormal by the preseRce

of the factor for Uizlvless and ko cnP-lz individual was found among the

not-•blacle not-PzsrPle not-ci)inabar fiaz'ptless flies in those culttrres.
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               'I'ABLE II.

Bac]<crossin.cr of heterozygous Dchaete-ff-iiless ei'ip-le male

         with homozygeus .cr2'P-lt female.

Citltu7e
 Aro

2I07

2Io8

2II3

2H4
2IIS

P
l

I

crip-7g PU             crip-k
          Å~             criip-7dc•rile-lt

 71 ij 11
 11 11 !1
 11 11 !1
 21 71 17

DU
38•I

27•8

27•6

42•9

3o•6

      Fl
?ereenta.cre ' I;f cT?ip-h

 mu          Dh

So•o

2e•8

26•o

40•9

II.O

I2.9

I2.0

 9•5

22t7

I5•O

dle

I6•4

I9.0

!3•7

r9.2

6•o

                          . CRIP-M

             . brigin and Description
        ttt
 ' In the course of the breeding experknents described in the preceding

chapters, a somewhat different 1<ind of crippiecl flies- began to appear in

soine of tlie cukures. Such fiies were first founcl jn a certain particular

strain, but Eppearecl later in a few other strains that were somewhat

remotely relate[l to it and also to one another. IR this particular klnd

of the criJelPleal, the leg that becomes abnormal is' one of the middle

pair insteacl of the hincl pair. Moreover, the abnormality belongs to a

categ"ory cli'fferent from the abnormality of tlie hiticl leg. The case met

with most commonly, is that the le.cr is entirely missin.cr. ]Ntlore rarely,

it ls represented only by the coxa, or by the coxa and trochanter, with

or without a sniall vestige of some oÅí the more distal segments (Pl, xvm,

figs. i-s). Sonaetinies, the ieg is smaller in size than the normal le.cr,

but quite noscmal in proportion of seg3nents (fig. 7). In the majorlty of

these cases only one of the micldle legs is abnornaal, but rare ctases are

found in which botli of them are Riissing and the fly is four-Iegged (Text--

fi.qLlre).

                        '
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  reduplicatecl (IPIs.
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       not cl'lfificult

       feniui" number
              than

                occur

iz,1f

 ' This rudiinent

one or few
' normal in

  instances whc're

 XVIII XIX).

 in all cases

        iimb

 if such a limb

       of the

  on the lnternal

     iieai' the

        a .iltf2ilanl Cliaracfer, dc. 23s

         Middle Leg

             In these criP-ni fiies the

         pleura also shoxvs abnormality in

         some way or other. In the fiies

         iacl<in.cr one of the rnictdle legs

         a clepression usually occurs at the

         part of the pletira where the leg

         should be. This ciepression mGcy

         be so kt.rge as to occupy the

         position of the sternopleural bristles

         which are also missing. Iti the

         fiies havin.cr the niiddle ieg smaller

         than nornial, on the other hancl,
'
itl t

         the pleura often shows a sign oflt

N         cloublin.cr, as inclicated by the pre-

         sence of another set of sternopieural
          '         bristles beside the ordinary set

         (fi.qs. 7 and 8, b). In such fiies

         the part between the two sets of

         bristies commonly carries a rucli-

    , as a, rule, ls very sniall ancl iniperfect,

   segnients (figs. s-8); but rarely is it

  proportion of segments. .There are even

           e le.es occur sicle by sicle (fig. g).

      not a whoie leg', btit a part of it,

              '
  of recluplication of the leg, to cleternilne

  belongs to the right or to the left sicle.

     has the femoral or the tibial segnient.

   rows of hairs is more on the external

       (posterior) side, while in the tibia

    glistal end, one oii the externo-dorstai
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side ancl t!ie other on' tlie interno-ventral sicle. By these criteria it is

easy to tell whether the given femur or tibia is of the riglit or the !eft

side. But when only the tarsus is reduplicated, lt is practically inipossible

to determine to which side it belongs. Iti the diagTani attacked to each

figure of Pls. xvm-xx, is shown the relative situatloi:! of the parts

recluplicated, as well as the side to which those parts belong' ; tlie liinbs

are represented in transverse section, the right limb as having a Ionger

spur on tlie right side, aikd the left limb on the left sicle.

    Pl. xviii, fig`. s. Left ieg; fig. 6, right leg: both have niuch clwinclled

ancl consist of a fexxr seginents; and xxrith a small rudlment of a su-

perntinGerary limb (li)

     Fig. 7, I.eft leg: much recluced in size, but pr.icticaily normal in

proportion of segments ; a small ruclinient of a supernumerary limb (l')

is preseiit. Between the tNKro litnbs is found an ext/r.R set of sternopleural

bristles. b-sterno--pleural bristies; b'-extra set of the same. Such an

abnormality as shox?Tn in fi.crs. s--7 is ratlier common.
                                                             '
    Fi.cr. 8. Left leg: reduced in size, but practically normal in propor-

tlon of segmetats; a rucliment oÅí a supernumerary limb consisting of three

seginents, occurs aboye the ordinary limb. Between the two limbs is

found an extra set of sterno-pleurai bristles (b').

     Fig. g (Pl. xvi, fig. 8). Two complete left limbs are present one

above tlie other; both are a littie .smaller than normal size, ancl about

equ.ai to each other; elie ventral limb has the dista!. end of the tibia

twisted.

     Fig. io. A sniall supernumerary left limb is placed over the normal

left linib, the former bein.o' attached to the trochanter of the latter on

the dorsal side; the extra limb consists of a troeliEmter, femur, tibia

and two tarsal seg+ments of which the femur is very shogt and

rudimentary.

     Fig. n. Left leg: the femur is thicl<er.than normal ancl compound,

i. e. composecl of two limbs fused !ong'itticlinally into one; the tibia and

tarsus are doubled, tlie ventral csxtra branÅëh is as iarge and as complete

as the dorsai ordinary iimb; the extra branch is a left limb.
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    Fig. i2. IPNight leg: the femur is coinpouncl, distal parts are redup-

licated; tiie veRtrat supernumerary branch whidli is also a right limb, is

as large and as complete as the clorsai normal linib.
  ' Fig. i3 (Pl. xvi. fig, 6). .A. supernumerary branch repfesentui.cr a

right llmb, is piacecl on the dorsal sicle of a normal rig'ht ie.cr. The

branch is of almost the same length and thickness a,s t.he orlglnal limb.

    Fi.cr. i4 (IPI. xvi, fig. g). rhe fem"r is compound, and terminated

in two limbs both of the left side; the dorsal supernumerary limb is half

as thicl< as the ventral orclinary limb, and composed of i, tibia and four

                                         ttproximal tarsai ses,ments. .
. Fi.cr. is. I.Jeft le.cr; the basal part oÅí the femur is compotmd, with a

superntimerary branch inserted on the ventral sicle near the base; the

branch, which is probably another left limb, is coniposed of a very short

femur andalonger tibia. '
 '    Fig. i6. Left leg: the tibia is compound, with two superntmierary

t(irsal se..crmetits attached to the clista1 encl oÅí the tibia on the dorstal

side of the ordinary tarsiis. ' .
    Fig. i7. Ri.o.ht leg : three supernumerary tarsal se.crments are attached

to the distal eRcl of the tibia on the clorsai side of the orclinary tarsus.

    Fi.cr. i8. Right leg: the tibia is compourtd; the first tarsal segment is

dividecl by. a horizontal plati.e into two braRches one overh4ng'ing tlie ot'her

the dorsal branch is compouRd, and the texminai tarsai segnient is divicled

by a vertical plane iRto two haives attached to each other by the ventro-

laterai sicles; the tarsal segments of the ventra1 br,arach are normal in

shape and size. . .

    Pl. xix, fig•;i (IPI. xvi, fig. i). PNight le.cr,. the femur is clivided at

the base by a vertical plane into two branches subequal in size, of xvl}ich

the anterior and extra branch, a leÅít limb, ls ctirvecl sharply at the middle

of the tibia. .                                                           '                                   '
    Fis,. 2. Left leg: the femur is divided at the base by a vertlcal plaiie

into two branches subequal in size; the anterior extra limb, a right limb,

has the femur and tibia shortened. •
    Fig. 3. I..eft leg <Pi. xvi, fig. 2): the femur is infiateci and much
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clefornied; the distal half of the tibia is reduplicated; the anterior extra

limb, a right liznb, is slightly snialler than the posterior nornaal limb.

    IFig. 4. I..eft ieg: the femur i divided at the base by a vertical plane

into tvsro subec{ual branches, the aRterior supernamerary limb, a rig'kt

limb, is curved near the niiclclle ancl folded up. Such cases of recluplica-

tion as llt figs, i, 2 ancl 4 are rather coninionly met with,

    Fi.cr. s (Pl. xvr, fig. 3). Ri..oht leg': t'he trocln,nter is clividecl by a

horizontal plane into two subequal liinbs; the anterior extra limb, also a

ri.crht iimb, is curvecl sharply near the middle of the tibia, ancl twisted.

    ]]ig. 6 (PI. xvi, fig, 7). The trochanter is divideci by a verticat

plaRe; the anterior extra lin?b has the feniur nGuch cleforined ancl

shortened, the tibia thicl<end, shorteneCl, ancl conipound, and the tarsus

subclivided ftct the first segmetit by a vert2cal plane, into two secondayy

ticrsi subequal iiit size and 'Åíacing eacliL other witlL the antero-clorsal sicles.

    Fig. 7. Ilighr leg: an extra ieg is placecl antero-clorsal to the orclinary

le.cr; botl) the Iegs are complete, but shortenecl and much twisted; the

anterior leg, probably a rig'ht leg, is witli al! the tarsal $egments com-

pounc{, bein.cr made up oÅí two parts fused into one by die ventral s"r-

faces, and with only the last segments clivicled.

    Il?i.cr. 8. Tueft leg: the feniur is compound; the tibia and the tarsus

are reduplicated; the kiner supernumerary limb has the first two tarsal

segments compound, ancl the distal three $egnients doubled, the piane of

the two successive clivlsions being vertical.

    Fig. g (Pl. xvr, fi.cr. .s). Pxi.o'ht ieg': the first tarsai segment is diviclecl

at the base by a vertical plane;in the posterior linib the first tarsal seg-

ment is compotmd, and the second is subcllvidecl at the base by a vertical

plane; all the three branciies are about equal in size. Owing to aseconcl-

ary yotation, it is rather harcl to clecide the symmetrical relation of the

three branches; but the above is probably the ri.crht interpretabion.

    Fi.cr. io. I.eft leg': the femur is compotind, the tibia ancl tarsus are

recluplicated, the plane of divi ion being horizonta,1;the tibia of the clorsal

limb is curveC{ slightly ; tlie vg-'ntral iinib is coml[)ouncl, witlii the tlitird to

the fiftk tarsai segnaents redupiicated, tl].e plane of the secondary division

being' verticai.



        Genetic Slesali'es on CfiPPIeal, a Mztfa'nt Cliaraclept, etc. 23g

     Fig. ii (Pl. xvi, fig. ii). Left leg: the tibia is divided by a verti-

ctil plane one-third Åírom the distal end; the itmer branch is compotmd

and divicied at the third tarsal segmeRt, the plane of division being vertical.

     Fig. i2 (Pi. xvi, fig'. io). [R.ight leg: the trochan'ter ls providecl

wwta a $hoyt club-shaped process directed antero-ventrally, and articulated

at the base; the coxa ls divided by a vertical plane into an anterior and

a posterior branch; the anterior br4nch is compound throughout, with a

veyy 'short Åíeniur and a tlbia shorter and stouter than nornial.

     ]I'1. xx, fi.cr. i (Pi• xvi, fig. 4). A supernumerary right leg iS

presei3t on the ventrai side of the normal !'ight leg. The ieg is much

smaller than norinal, but has all the usual se.q!nents nornial in propor-

tion, except the femur heing very short. On the left side, between the

ordinary .leg and the supernumerary right ieg, occurs a stump-1ike process

which probably reiiresents a supernumerary ieft leg.

                    Rules of ReduPlication

    Fxom the observations on all these examples of reduvltcation, as

well as similar examples which have not been figured, I have formulated

the foliowing• rules of reduplication of the leg:-

    (!). The redupEcatlon may occur at any part of tlie ieg.

     (2). The parts contained in the branches 'aye only those that are

distal to the point of division.

    (3). In all tlie cases of recluplication one braneli or !eg is in tlie

normal position and direction.

    (4). Tlie plane of division of tiie ieg into two primary branches may

coincide with a vertical <dorso--ventral) plaRe, or with a horizontal (antero-

posterior) plane of the ies,". -
    (s). WheR the division occtirs through a vertical plane, tlie result-

ing two branciies are niirror images of each other, the anterior sides facing.

    (6). Wlien the dlvision occurs through a horizontal plane, the

resulting two branches ar`e on the same side (not mirror images of each

other) ancl one hang's over the other. '

    (7). Of the two priniary branclies, the one in tlie noyinai position
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undergoes no fttrther division, while the other niay do so. •

     (8>• XVhen a secondary division occurs ki the primary branch, the

plane of divisioR is d{orso•-ventral, aRcl the two secondary branches are

mirror-inaa.cres of each other.* '  ' '' '
     BA'rEsotsr ('g4, 'i3) has giveB a comprehensive review of all the

cases of recluplication found in the- leg of insect]s describecl previous to the

kigge,,?,1,X/!lb,il,11,kiZ/i,rd!,,i.illjS,;`L/k,kltg,i"1ls,;,jg.lil,l,:,t11iff1,i/i,7i:V,.,a,,rg•gesri'lft:zaS,

lin)b, being foukd in all sitviations from the base to the apex. INTor are

they limiteCl as to the s?rface iirom which they spring..................."

     "With rare and clubious exceptions, the parts whici'} are contained

in these extra appenclag-es are only those which lie peripheral to tkeir

origin" (BA'rESOiY, 'I3• P• 72)• '
    Tltese statements have been fotmd to hold good for practically all

the cases oÅí reduplication, not only tliose whlch are mentioncd in his bool<,

but also all otlier s{milar ccr{ses describecl in subseqLient worl<s, including

the recluplications broug'ht about by experiments (PRziBRA"i, '2i).

    Fttr'ther, IBtxTEsoN has notfceCl that the supernun3erary limb is it3

practically every case itself a recluplicated $tructLrre, and that " it is practi-

cally cer"Lain that in no case can a single, viz, an unpaired, duplicate of

the normal appendage grow from the normal !imb" ('i3, p. 7s). '

    And for these extra paired appendages, according to hin3, tlie follow-

ing' ruies holcl good, xvith certain exceptions:- .
    "I. The long' axes of the norniai appendage and of tlie irsvo extra

appendages are in one plane; of the two extra appenclages one is therefore

nearer to the axis of the normal appendage and the othey is remoter

frOlll it."' •    "II. The nearer of the two extra appenda.cres is in structure ancl

position formed as {'he imag-e of the normal appendage in a plane mirror

ph,ced between the no.rmal appendage and the nearer one, at right an.crleg

   't` fn iny foriner paper I gave a little. clifferent statenient for this part. But this

     is apparently a. better pyesentation of the facts iiivolved.



        Geneli'c Slztduirs on CnipPled, a 0fzttanl Clia'raclept, etc. 24i

to the plane of the three axes, and the renioter appendage ls the lmage

of tiie Bearer in a plane mirror similarly placed between the two extra

appendages" ('g4, pp• 478--479)•

     In fact, the extra part oÅí the reduplicated limb is in inost cases

conipound, and tlius the whole limb is a triple structizre. (IPi<ziBRA"f.

'2i, has given a review of all such cases k'nowlt to him). However, son?e

 unmistakable cases have been described in which the whole limb is a

double structure, instead of being a triple structtrre, cotisisting of two

branches placed as mirror images of each otheer (I-l[Ai<RisoN, '2i). In

DrosoPlii7a too, evfiss HoGE ('is) !ias found several cases falling' into

this category in her "lx'edeipli'cateal le.cr" strain. HtNRRisoN ('2i),

accordipg'ly, has modifiecl Bateson's rLiles as to the symmetry of the redu-

piicated limb mentioned above as follows :-

     "i. The iong axes of cluple; or multiplex appenclages lie in otie

plane." '' .
     " 2. Two acljacents members form in structure and position tiie image
of'  each other, as refiected from a plane niirror bisecting the ang'le between

the respective axes atid perpendicular to the common pl-ane of the two

axes." (I+IARRISON, '2i• 1]. 97).

    Applyin.cr tliese rtiles to the cases met with here, we find tiiat they

hoid good for examples such as those in Pl. xix, figs. i,2,3 and4, in

wlaich the plane of division coincicles with a vertical plane of the leg.

I--Iowever, this does not ho!d true with such instances of reduplication as

in Pi. xvm, fig"s. g, io, ii, i2 and i4, where the plane of divisiolt is

horizontal, ancl the resultin.cr two limbs are' of tiae sanae side, of which

'rO.lilee li2MabboOvVee.rliarig tli9. 0tlier' Tliese instances thus fgi"m exceptions to

                                        . - The latter qrpe of reduplication of the !eg is apparently extremely rare;
in fact I'  do not know iS any inclubitable instance of this type has ever beeii

reported. It is true that ca few examples are I<nown, wlaere two limbs

of the same ELsyminetry stand iti a series oix the same side oÅí the bocly,

Iti all thege cases, however, tiie two linibs are situated one behinct the

otlier; so tlnt the reduplication here has occuri'ed in tlie hntero-posterior
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direction. An elaterld beetle with two fore legs on the rig'ht side refer-

red to by Pi<ziBi<Ari ('io, figs. a-c>, seems to be a beautiful example

oÅí this kind. Also most oÅí the instataces of the red"plicated leg of Am-

bZLyslpfiza which have been described by SwETT ('24) as exceptlons to

BA?'EsoN's erules, apparently l)elong to this category.

     The examl?les we liave before us, on tlie other hatid, are of the two

limbs or branches of tlie same asymmetry situated one above tlte other-

the doubling is tlierefore in the doyso-ventral direction, and not in the

anteyo-•posterior direction. IPRziBRAM ('io> recognizes the rayity of the

doubliR.cr of this type; he naentions: " ..........,...,1<onnte ich keine IFalle

finden, wo die Spalttm.cr clurch horizontale Tre.n.iung' der ciorsalen von der

ventralen FIEiche entstanclen weire. Wtlrdea solche IFtille zu Regeneration

fUhreR, so mt?ssten cHe I+Iyperregenerate Ube2`einancler, nicht nebenein-

ander liegen, wie es immer zutritt." (p. 4i4).

    GoLDscriMmT C2i) records some iRteresting cases of doubling in

the copulatory appai'atus of sonie intersexual g'ypsy moths, Tke valve

of either shie may be doubled or tripled. If the cloubling occurs, the

extra valve shows tlie same asymmetry as the normal valve. But the

extra valve is situated outslde oÅí tlie normal one, so that the doubling

seems to have occuryed in a manner somewhat difFererit from either of

the above two categories.

    If any secondayy reduplication occurs in the extra leg or branch in

the cnP-77z fiy, the plane oÅí division is always dorso-ventral. The plane

of secondary division, therefore, may be vertical to the plane of priniary

divisioR, Eltltougl} it may be paragel to the latter, tlius violatinL.o'

BATEsoN's rule i.

    Even w• here both tlie prknary and secondayy divisions occuy tlirough

the dorso-ventral plane, the lon.cr axes oÅí the resulting three limbs very

rarely lie in the sLafne plane. This is due to tiie toi'sion of the li{nbs

which very commonly occurs.

    C7'iP-H7ii is a ckaracter sharply distinguishable from c7'ip-le; and in

no cases was the discrimination difficult, Iti fact, as inentioned ak'eady,
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cnip-lz flies may soinetimes have the micldle leg also somewhat abnormal,

This abRormality, however, never occurs without the 1iind leg of the saine

sicle being concomitantly abnormal, In c7ip-7n, on the other hancl, only

the midclle leg" beconies abnonnal, the hind leg usually remaining quite

noftnal.

    A few cases have been met with where a fore ie.cr i niissing, without

any abnormality in the midclle or hind leg. These belong, xvithotit doubt,

to the category oÅí crip-m, but with the difference that the abnormality

has appeared in the fore ieg, lnstead c•f the n3icldle leg.

                   Crip-m and State of Food
                 '                                     '
    Another feature which characterizes criip-m is that these fiies appear

orAly after'-the cLiture has become old, niostly during tlie last few clays of

counting (Table 4>. As mentionecl alreacly, the percentage of criip-li fiies

shows a remarkable clecrease during the latter part of the coremtin"cr.; arid

tiiis is the time when cnP-m fiies appear. Some cultures tl)roxv relatively

many cnlib-77i flies, aajs compared with other cultures. In tliose cultures

tl)e percentage of cnib--li fiies is usually loxv froni the beginning. If one

l<eeps such cultures long enough-more than one month,----he usuaiiy finds

that the cripPled fiies that come out of them after that time are mostl..r

crip-m. These facts sug.o'est that one and the same cause cletermines both

the decrease of the number of cri)-k flies ancl tl)e appeararice of cnjo-7ii

fiies. And this cause is evidently environmental, and connected with the

change ln the state oÅí Åíood, as shown by the followin.o" experin3ents:

Two successiN/e broods of crip--ne flies svere raised from the sanae parents;

iti all six.such sets of cultures were prepared. In every set the two broods

showed practically the same change in the types of the criipPled fiy from

cnib-li to crt)t5"n.. Fu3'ther, a pair of :black PztrLPIe cileinaba•r culit5-7ii flies

were introducecl into a bottle containing a Nrery old ctilture. Tliis culture

had been yielding blacle P2irtele flies for more than ten days and most

of tlie cri)Pl6icl fiies tl)at were appearing' then were c77ib-m. [Irwo out of

ten such bottles procluced some offsprin.cr of the introclucecl pairs. Th6

cnPPIeal fiies amon.g the offspring were mostly cr- ab-m, besicles being blacle
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   'ParTPIe ci>inaba'

     Thg banana culture niediuni is stron.crly acid at iche start of {he cluture.;

then it decreases its acidity .crradually, eviclently owing- to the larvae feed-

ing on it, until it becoines weakly alkalitae toward the end of tlie count-

ing. This change is so remarl<able that I presuinecl, that it was this

plienomenoR that was mainly responsible Åíor the alteration of the types

of c7'ijolz51eal fiies from c7'iJ(5-li to c7'Jip-m. I according'ly neutralized to some

extent sonie such new acid cuitures with sodium bicarbonate or with

aminonia water, and also acidified Sonie oid all<aline cultures with acetic

acid. But it was rather haircl to 1<eep the acidity or all<alinity of the foocl

as desired, without doing harna to the developing larvae. Anyway, these

experiments were not successful, cr}titd no apparetit effect of "Lhe changecl

environment upoia the types of cripPled flies could be seen.

                      Inheritance of Crip-m

    When two•cn)-ri flies are mated together, there appear in the Fi

generation some cnip•-77i flies. The nunibt'r is very small, usually s to 8

per cent of the whole brood. The result is the same if two c7'ip-li, or

nornial, flies hEving the factor for cnip-iii, are inated together.

    To fincl the locus of tl}e factor for crip-•m a few blacle PurPle cinnaba,r

criip-iii fiies xvere crossed with wild fiies ; the cross gave normal flies only

in the Fi generation. Then six Fi feipales were backcrossed to the blacli
pttrPle cJbinabaf' criip-rz niaies. From each culture appeared a few cn)6-m

flies, besides a number of cnP--lg flies. All of the cnip--m flies were blacle

P2t.7'Ple a'?muabapt, except one blacle P2trPle (not-ci;iznabar) and one PztrPle

cinncr•baT <not-blciclv)) cri.3S-•7n. individual. This result shoxvs that the factor

for the character criip-7ii lies in the second chromosome soiiaewhere near

purPle <Table i2).

    AText, five cnip-7ii feniales were mated each with a niaie froin the

original blacle Pzt7'Ple cibinabar stocl< bottle. As mentioned at the begin-'

ning of thi,s paper, the fiies from this stocl< may have carried the fact"or

for cnP-li, but there is no grouncl t'or suspecting that the factor Åíor criic-

m, if any special factor for this character exists, had been present in
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                     TABLE I2.
  Backcrossing of heterozygous blacle P2"Åële cri)b-m c?)inabar,.female

       witli hDmozygous black ibisi)t>le cnit)-m cinnabar male.
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them. These five Åíemales all gave a Åíew crth-m offlsprlng besides a mmi-

ber of criip-k flies (Table i3>. The above two experinaents seem to show

that #he factor for crip-m is the sanie that produces crip-li.

    It might be suspected tliat the absence of the middle le..cr and the

reduplication oÅí the same wouid represent entirely different character.g..

But tliis is not altogether so. In fact, I crossed fii.es lacl<ing a middle

leg tog"ether, or such a fiy with a fiy havlng a recluplicated micldle !eg-,

                             TABLE I3•

            Cross between cnP-h from bPcrcn stock bottle and crtp' -m.

Crltltufe
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or two fiies each having a reduplicated niiddle leg. These crosses always

gave pyactically the same results ; fiies with a reduplicatecl iniddle leg may

appear out of the cross between flies lacl<ing a middle le.cr, and vice versa

(Table i4). Moreover, there are a series of types of abnormality of aie

                           TABLE I4•
         Correlation betsNreen the cftbnormality of parents and that of offspring,

             with special reference to the abnoRnality of middie 1ag. '

Culttti'e

 No.

iiilllii

P

\•

fifiddlel lli>td

 lebcr       leg

T

wdeAti)

Cb,.Ie

E

li

fli)ld
 le.o'

lli
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F
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ilii l

I

z   2

5
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I
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iiiili



Ge7zeliic .S'letalilas on Crip,61eal, a llf2tla7iX Cliaracler, elc.• 247

TABLE I4 <Contlnued)

Citltu re
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islilii

P

9
flth'ddle

 lebcr

ffillal

 lebcr

Fl

iii li.

T
21fiddle

 lebcr

f

ffi"nd
 lc.cr

7btal

662

2ii
ili2

zsl
3i;

ilfi'ddle l4g

absent

 I:ltL' , 3

 Ityi I
i'

g

i  :

I

cnfo27na(l i'edesPl/catetg

*i

llind
le.e'

abnorll)al

lii
lli

       2V7-)K'ormal, a-absent, c-crippled <hind leg>, d-•defonned (middle leg)

                         'tc abnormality of fore Ieg.

                                       et
middle leg, which connect the reduplication of the Ieg with the complete

abseRce of the leg.

    These instanees of the doubling of the leg reniind one of the character

"Realzt.Pli'calnt le.a" worl<ed out by Miss I-IoGE ('is). .Z?edeipIZcaleal

la.a, h)wever, is a sex-linked cliaracter and appears in any ieg, btit

predominantly in the fore !eg; whereas, the character before us is not
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sex-linked and appears almost exclu.q.ively in tlie micldle leg. "iloreover,

 her cases of recluplication, -NiLTithovit any exception, conforni well with

BA'rEsoN's rules, contrary to some cases we have 1iere,

                    GENERAL DISCUSSION

     C7'iipPle(l is a niutant character strjking in various respects. First, it

 is a highly variable c!Laracter and its manifestatioii depends much on ex-

ternal conclitions. Several cases similar i'n this respect are knowti

in DrosoPlii7a. irNIoRGAtsT ('is) has found that the character caclled Ab-

 n•ofvn•alabdo7neie is strong'ly marl<ed whelt the larvae were given moist 'Eood,

but is ofteR suppressecl entirely in flies rearcl wlth clry food, .INiliss I"IoGE

 ('is) has shown that the character .Z?eduPliicaleal le.cr appears in the
high6st percentag'e of fiies xvhen they are rearecl in the ioO C ice-ckest;

.but xmder wariner conclition the character vlrtually disappears. Accord-

ing to "VVARREixr ('2o), the mutant type of spotting on the ab[loinen of

 DrosoL2bbuZa busc/ez'i' becomes recessive uncler high temperature, while uncler

 low temperatrire it beconies domlnant. IzlyDE ('22) lastly, has confirmed

 thckt the expression of the mutant characteer "dariZible e.ye, which he fotmd

 in D7'osoPki7a 1aydez; depends upon environmental conditions. Cultures of

 this muitant, l<ept warni and dry, procluce forms with t'he eyes reClucecl to

 niere specl<s; xvhereas, the cultures kept cool ancl nioist gixTe rise to in-

 dividuals xvi"Lh full-sized eyes.

     Second ancl more stril<ing tlncn the first, is that the varlation oÅí this

 character falls into two types sharply distinguished from each other,

 namely, cri)-li and cn)-7n, botli oÅí xxrhich are hig"hly variable within each

 type. Third, these two types change from the one to the other in accord-

 ance N?vith the condition oÅí ..food on which the larvae feed. It may be

 very interesting if one could iclentify the factor in the state of food which

 is responsible for this change. '' '
     The question arises as to why the c7'ip-m flies were not founcl in the
                         ts
 first part o.f the experiinent, but appearecl later in sonie oi articular cultures.

 The only plausible explanation for this seems to be the icppearance of a

 moclifying' factor. It was, howevei', impossible for nae to locate this factor,
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 owin.o' to the very loNv percentage of cri.V-m flies which appeared iR each

 cult[ire.

     Another stril<ing 'feature of this character' xve find in tlJie reduplica-

 tion of the leg. As nientioned already, this occurs in two clifferent

 types: i. when the plane of clivision falls in the dorso-ventral plane

 of the leg, the resulting' invo lii'nbs are formed as niirror imag-es of each

 other; 2. wheR, on the other hand, tlie piane is parallel with tlie horF

 zontal plane of the le.cr, two limbs of the same asyinmetry are formecl

 one over tke other.

     Cases of the reduplication of the leg belQnging to the Åíormer type are

 not at all rare esl)ecially in arthropods, ancl can be found in the literature

 rather commonly. But the latter type is quite unique. In all cases of this

 type it is very iil<ely that the two limbs of the cluplex leg have arisen

 with comparatively little infiuence on each other. XR support of this.

 cftssumption it niay be pointecl out tha+t, in most cases of reduplication of

 this category, the linib which cari be iclentified as supernumerary, is con-

 nected with the orclinary !imb at t'he point of articulation of the segments.

IEven where the leg is fork'ed in the micldle oÅí the segment, the proxinial

part ef the segment is always cornpouncl, showing that the real point of

clivision exists probably et this encl. 'Il]1ie results of experiments perfornied

by I+IAi<RisoN ('i8, '2i), IDE'i'wiLER ('22) and SwET'r <'2Ll, '26) on the

linib-buds of Amiblj;slo77ia show that trsvo Iimbs of the same asymnientry

may occasionally be procluced sicle by side, when the bud is split into two

separate lialves aticl these develop independentlj with little n]utual interac-

tion. Anyway, it seenis indispensable, for bringing about this sort of

recluplication, to ensure the inclepenclent cleveiopment cf each rucliment•

    As to the physiological cause of crippledness, nothing can be said,

except that it is probably clue to disharmony in tke development of the

parts of the leg. I-Iowever, it ls beyond any conjecture that, under

certain conditions of food, the hinCl leg is af/fectecl, while, under different

conditions, the midclie leg is affectecl in a way entirely ditferent from the

hind leg.
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               SOME ADDITIONAL REMARKS
              Cases of Reduplication of Fore Leg

    A few cases of reduplication of the fcre ieg have been founcl. None
of those in[livicluals passecl on the'  character to the progeny.

    The fly shown in Pl, xx, Fig. 2 appeared in Dr. A. I-I.
SruR'rEvANT's culture [iN'o. i48go, from ecinbi.zis cross"deinless and ioo

percent crossing-over stocl< xxrhich xvere not at ail relatecl to the pyesent`

strain. The femurs of the fore legs are fused at the median line of the

l)ocly, The tibk oÅí the left leg is foz-ked and the clistElpgrts are cloubled•

'I['he fiy was a feinale. She was crossecl xvith a `IY-lj61e' male, but no

inclivicluai with a gimilar abnorinality was found among t'he progeny.

    Pl. xx, fig. 3. T,he ri.oht fore leg of a male fly foiznd in the bincle

f2i7'iPle cibw2abar cn)-li strain. Tlie femur, tibia ancl first tarsal seg'ment

at'e compouncl; the seconcl to fifth tarsal segnients recluDliicated, ancl '{'he

two branches are situatecl lil<e inirror-images. of each other. r[E]he Dt rogeny

of this fly was not obtainecl.

    Pl. xx. fig. 4.. A female that appearecl in a culture of the bacl<cross

of " krYPr le " Å~c7'iip-7i by crip--lg. A supernumerary compouncl leg is insertecl

betweeR the ordinary fore legs on the nieclian Iine of the bocly. The leg

consists of two lknbs, riglit and left, Åíused into one Åíron] the coxa to the

tibia. These segments ar6 natur'ally mLech thicker than those of the normal

ieg, but much shorter in length. The ttkrsal seg'ments are reduplicated;

the two branches are situated lil<e mi,rror-images of each other. The fly

was niatecl with oi'iLe of her brothers. INTo indivklual with an extra lep.'

appetu'ecl among' tlie pro.creny. '
        Factor reducing Crossing-over Value between

                 the Loci Purp!e and Cinnabar

     Cx)AusEN ('2.i;), after a careful stucly l)asecl on the characters bltxcle

7lvunl:;v joztrPle ancl wesl'zScrilr.l, estimated the crossing-over value between the

ioci f5zi7'Ple and cdefiaba7' to be approximately 2. 8. In the present ex-

periments, in which blacle PztrPle a;nnaba7' and cnPPIeal flies were used

as material, the avera.o'e va!ue i. 6 was obtainecl for the same; anci in
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                                            'a few cultures the valae exceeded 2 (Table is). Thus, it is very likely

that there is a factor which reduces the crossitag-over value of this region

in that str..in. The value of the crossing-over bet'ween the loci blacle aRd

P2trPZe was fotmd to be about s.s, not niuch different from the stanclarcl

value 6. o.

                Reversion of Factor for Purple

    In a culture from the cross between two blacle pttrPle ci;7mabar cniO-li

                             [L'ABn.E I5•

          Crossin.cr..-over valne between black and Puiptle, and between Pieiptle

                ,and ci)tnabar of blacA'-P?t7ptle-crtP-lt-cinnabar stain.
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flies'appeared a single fcmale with ci'7-iabar-colorecl eyes amo. ngr the xvhole

broocl consisting of i`13 fiies. XVith this fiy was matecl a Pitiptle fly, and

there came out 8i Pur?51e--eyeCi flies and 7o real-eyecl fiies in the next

generation. Txvo females of these 7o f'Eds were crossecl with blacle PurPle

ci' 7znabaf' crip-th males; and many offspring of various types were ob-

tainecl as shoxvlt in Table i6. These expe,rlnierits sho"r that one of the

Pz.irPle genes carried by the original fiy hxd reverted to normal red.

I-'Iere is little possibility of cot'itamkaation, because of the following two

reasons: First, as the revertecl P2irPle factor was found to be associaterJ

                             TABLE 16.
                 im<? reversetlPIL'en. Å~ immuIS jbr CiNr

                      bj6r cn 19 Pr                                         diV
                     i7, ( b "c,',iees.Z3/i(l c'? ) Å~ -,b$• f.ttki
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with tlLe c7riip-li liactor, tlLc-re is irio room for susp:-cting that t'he former

factor had come from some unrelated strain. Se.concl, if any recombina-

t'ion of the factors blac/e crdi6-li a'rinabar occurs in some culture of the

heterozy.c.rous bla,cle PurPle .a)inabar cnip-/z strcain, this ]nust result from a

double crossing-over between the locl blac/e ancl cnllS-li; and such a re-

conibination must be very rare, if it occur at all, owing to the very short

distance between the loci.

                            SUMMARY
                          '
    (i). C77ix>LPIetzl is a nescr niutant character xV• hich apTi)eE rs iti the leg

of D7.osoPlzi'la melanobcra•ster.

    (2). Txvo types n'}ay be clistinguishecl in the ch-aracter, naRiely,

crtl6-li, appearin..cr in the liind leg, ancl cn)S-7n-, appearing' in the middle

leg. I[n the former type sonae segment or.segtnents of one of t'he hind
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leg's is shortened, •broadenecl, straightened, crookecl, or twi$tecl, In the

latter type otie oÅí the middle legs is recluplicatecl, clwinclles, or entlrely

distippears.

     (3). Cn)Pleal is a recessive character, but it may be- concealed in

the homozygous state. 'IIrhe cross between homozygous indivicluals g-ives

under 2s.e C usually io to 3o per cent criipL?61eczl offspring', niost Df s?v'hich

are crtip-lz and a few niay be crif-ri. '

    (4). Hi.crher temperature (2ge-3oO C> or lower teinperature (80-isOC)

produces a higher percentage of cfiic-7i lndivicluals.

     (s). '])he percentage of cn)-/3 iRdivicluals in the same culture is

higher in the ear!ier half oÅí coLmtitig than iR the iater haif.

    (6). INTo special type or .o"rade of cnip-li is inherited.

     (7). The leg (right o.r left) to become cripPl•ea seems to be dete-r-

mined at random.

     (8). The factor for cnip-le lies in the seconcl chromosome between

the lo.ci P2trPle and ci:iznaba7'.

    (g). The factor for filvi>'!ess seems to have a tenclency to make

some flies cnipPleul which would otherwise appear normal. ,
    (io). Crip-77i fiies appo•ar only near tlae encl of the cotmting', after

the food has become olcl.

    (ii), The decr,ease of the percentage of crip-li flies and the appear-

akce of crip-m flies near the end of countings seem to be clue to the

same cause connected with a certain change in the condition of the foocl.

    (i2). irN(Iore than thirty individuals w• ith a reduplicated micldie leg

laave been founcl, ancl the rules of reduplicatioR have been forniuiated oii

the basis oÅí these exampies.

     (i3). rlFhe most important of the rules of recluplication is that, in

tiite recluplicated ieg the plane of clivisiop. coincicles with either a vertica

(c/]orso-ventral) or a horlzontal (antero-posterior) oilane of the Ie.cr, and

the resulting two limbs are in the former case mirror-itna.cres of each

other, while in the latter they are og the same asymmetry, and one !ies

over ' the other.

    (i 4.). The hc tter t.vpe of reduplication of the leg is nove!, and probabiy
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has never beeR reported.

    (is). The factor for crzP-m. is the sanie as the fact'or fbr cri)-lz ..

    (i6). A few case.'"` of the recluplication of the fore leg have been

describecl.

    (i7). A factor reducing the cro$sing-over value betwecn the loci

PzirPZe ancl cibi7e.abar probably exists in the blacle-P2t7'Ple-cripPled-clnnabar

stt'al n. -

    (i8). A case of the reversion of the factor for PztptPle has been

                                                               'reported.
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2s6 lll'Ai<u l<o"fAi:
              EXPLANATION OF PLATES XVI XX

                                     PIate XVI.

        ity•Iicrophotographs of some of the redup]icated legs, Å~ 6o. '

 1?ig. I. Same lag as in I'l. XIX, fig. I.

 Fig. 2. ,, ,, ,, ,, ,, fig• 3•
                '
 Fig. 3. ,, ,, ,, ,, ,, fig• 5•
 Fig. 4. ,, ,, ,, l'l. XX, fig. I."

 Fig. s. ,, ,, ,, ?1. XIX, fig. g.

 Fig. 6. ,, ,, ,, I'L XVIIT, fig. I3.

 Fig. 7. ,, ,, ,, Pl. XIX, fig. 6.

 IIig. 8. ,, ,, ,, 1'1. XV!IT, fig. g.

 Fig. g. ,, ,, ,, l'L >xglVIIT, fig. i4.

 Iig. !o. ,, ,, ,, I'1. XIX, fig. I2.

 Fig. II. . ,, ,, " " fig. II.
      All ligtires in r'lates XVIT->2glX are enlarged so times natural size, and were clrawn by

tbe aid ef AJ]BE's app[u-attis.

                                      Plate XVII.

               Abnonnalities of hind leg <crvip-lt). .
      1ig. i. Right leg; t2trsus cui'ved sharply near thejoh]t l)etween third ancl fourth seginent.

              This is the ancestor of the wl]ole strain of criie?eletl.

      I-"ig. 2. I{ight le.cr; tibia curved at micldle.

      ITig. 3. I.eft leg; tibia cut'ved and slightly "vistecl; first caud second tavsai segiiients

              twisted.

      Ia-ig. 4. Le,ft leg..; all segnients ft'oin feniur to last ta]'sal seginent ]nore or Iess cleforinecl;

              fe]ntu' and fii'st tarsal seg]nent deforn)ecl inost of all.

      Fig. s. Left leg; tibia stiaightened; fiist {ftnd second ttusal seganents sltght]y bioadened

               and curvecl.

      I"ig. 6. ]Left leg; tibia ctu'vecl ancl s}ightly twistecl; first and second tarsa seginents

              shortened.

      Fig. 7, Left leg; whole leg shapecl soinething like {L cork-screw; feinur niuch shovtened

               ancl disfi.qtired ; tibia and proxiinal part of tarstis twisted.

      Il'ig,. 8. Left Ie.cr.; feiinu' infiated, constt'icted naar base; tibia shoi'tened and cRyvecl to

               dorsal side; first t"ro tarsal seginents inflated like bead$.

      Fig. g. Io. 1-.eft leg; somexvhat like fig. 8;proximal tai'sal segments croolced.

      I;ig. ii. Ikight le.cr.; tibia bent tow,ards the dorsal sicle ne,m' distal encL

      ]rig. i2. Right leg; XVhele Ieg foldecl up, being, curved sharply tsvice; femur, tlbia and

               first ttu'sal seginent niucli defonned.
       '
      '



          Geneleic Sletdelas oet CnipPled, a .ilfetlanl Cliamcter, elc. 2s7

      Iig. i3, Right leg;second tarsal segment bent sh,arply towards dovsal s{de.

      Ii'ig. i4. Left leg; femur somewhat deformed; tibia swollen considerably at disUil end:

              proxiinal tarsal se.onients fusecl into a spoon-shaped body;tarniinal claNvs inissing.

      Fig. is. Both le.o,s deformed; right leg with tibia c{x']:vecl, ttu'sus crooked sharpEy near

              middle, "rith dista1 end d:,rected anteriorly'; left leg cut off at base of femur.

      IF'ig. I6. Right legs ; both middle arad hind legs cvippled; femur broadened and shovt'enecl

              tibia ctn'ved clorsally in both leq.s; first and second tarsal segments" of hind leg

              broadened and fl.attened.

      Fig. I7. Right Ivpg.s; both iniddle and hind legs crippled; middle leg lack'ing tarsal seg-

              nients except fivst segment; liind leg with first tarsal segment crool{ecl.

      Fig. 18. I.eft ie.cr; feintzr cyooked; tibia and tarsus gone.

      Fig. ig. Left leg; tibia short; tavsus missing.

      Fi.cr. 2e. Left leg; feinur and tibia fusecl longitudinally into one stLnnp-lil<e inass; tarsus

              1}11SSIIICT.                   e
      Figs. 2i, 22. I.eft leg; tibia sl)oi'tenecl and deforined; tarsal segnients diEated ancl inuch

              deforn)ed.

      ur-"lg. 23. I<{ght leg; tibia stvaightencd, twisted at distaE end;clistal tarsal seginents inissing.

      ITig. 24. Left leg; tibitx straightenedi ; distal tarsal segnieiits niissing.

                             Plates XVIII & XIXL.

              Abnoi'malities of iniddle leg (crrip-m).

     'i'he diagi'ain tzttached to each fisnu-e shows the relatiye situation of the parts reduplicated

ancl the side to svhlc]i those part's belon.= ; liinbs are represented in tt'ansverse section, the rigbt

liinb as having a longer spur on the right side, cnnd the left lki)b on the leftside.

      1']. XVll];, Fig. i. Left leg; entire leg dwindles and Åíolded tip.

     Fig. 2. I.eft leg; all sergn]ents froJn fennur to t;arsus shortened; tarsus ctrrved to clorf'Ri

side, terminal segment gone.

     Fig. 3. R.ight Ieg; f.emtu", tibla and Iirst tarsal segment shortenad an[1 cuvved; secQnd to

fifth t'arsal seginent gone.

     Fig. 4. Rigbt leg; entire leg much recluced in size; third to fift'h tavsal segment inissing,

first andi second rudinientary ; stuinp-sbapedi process neav niecllan line of bocly.

     Yigs. s,-i7. I};xplanation may be found in text.

     ?l. XII , figs. i-I2. explanation may be fotmd iR text.

                                    Plate XX,

              1<edupiication of fore ot" middle leg, etc..

     Iigs. !-4. Explanation may be fotmd in text.

     B'ig. s. Abnonnal fiy founcl in bl.7ckt tibitiible cXi2nabar ci7ib-in strain, svitli antenna-lils'c•

process pi'ojccting from center of ris,ht eye. -
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