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                          Introduction

    It is a xvell l<noxx'n faet that the sexuality cf various a{'thropods

is modifiecl by the presence of certain pafasite.s. Tl)is phenonienon,
"para$itio cagtration" as it w[vg ealled by fN. CTitxi<D (i8g6), was first

de.scribecl by h{m, and he ..crav• e. in a serio.s of paper.s pertainin.o.' to this

phenomenon various instances of parasites qnd hosts. EIe found a
tenclencv for the secondary- sextial, character in either sex of tlie host

to be nrtocli,fiecl tand approach the type of the. other sex under tiiLe
influence of the parasite. - i)k'ext (/i. S"TiTf{ (igo6), on exarninatioii of

the same phenomenon in fna•clvats sd;orPib effected by Sa•ct"2tli>- za n•(?..o'lccfa•,

came to the conÅël"siQn that the alteration in t.he female consists nierelv

in tke atrophy of tlie s)'onacl, xvhile in the iiiale tlio atrophy of the

g'onacl is couplecl with the- assuniption of the secondary sexual chara6ter

proper to the female.
    'I'Lhe l)a,rasitlc c,str.at.ion in the herniit-crab . eaused by the. rhizo-

cephalan parasite PelXo.o'tzster was stuclieci by (}iARD (iS87) himself
xxritl} EiifJa-..o'ur?ts bc•i;n/i(r.rtlits as ni(terial. In igo6 I?. itY. . iPo'rTs stLiclied

tliis phenomenoii iB .Z!r. -mekL'ulos2ts ancl E. Pn?leajuxiZ .ancl came to the

same conclusion as SMyri{, xvhile J. (G'uiSRriNT-G.xNivEfir (igii), formecl the

o.pinion, based on his rather insi}fllcient materical, that the females of

.Z.Zl. c2gaizeizsi3' ancl F.. Pm?X.eaztxi'Z cl}ange their secondat'y sexual char.acter,

                                'which approaches that of the male. However, a inore recent study
by C. A. NiLssoN-CAix'rEL,L (ig26) worl<ing with a inucl} more adequcte
supply of inate.rial, proved th,at this is not the case in E. c2ta-;icn•s7lo
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ancl AnaPa,.o?trus cl!z'roa•can!./'22ts.

    Sitlce the• spl'ill.(.}' of Ig2g .II have beell ccll'1"yiR.o..' oll all illvesti.,{.)',atioh

on the nioclification of the sexua! character in E?if5a•.o?tr?(s safn7t"lis

causecl by l)eilXo..cra•ster. sP., and obtained results which differ somexvhat

fi'om those of the previous authors. In this pap. er I propose to give

a brief account of the investis,'ation and the results obtainecl.

    A'Iy thanl<s are due to I)rof. T. I<o"fAi for his l<incl lnstruo,tion

ancl valtTable sii..o'gestions, ancl also to the sta{If of the laboratory, xvho

helped niy research xvorl( i'n various xvcays.

      The Hermit-Crab and its Secondary Sexual Character.

    -Z.ZluLebrl..cr217'2Is sa•m2xel!le is olle of tlle comlllolle.st sl)ecies of l}ol:mit-

cr,?b in the neisghbouri}oocl of the laboratory; nearly 3o-4o p. er cent.

of the in.clividuals are infested xvith a species'of, 1)(.rZ•Io..o'asX.e7`.

    1[n this herinit--crab the se,xes i'nay be distin.c.?'uishe,cl by tl)e diffe--

rences in the g'onopot'e and in the abdoininal appendas.)'es. In the
female tlie gonopore is situatecl on the internal corner of the basal
joint of the thircl pereiopocl, and is iitoticeable as an oval aperture
(text-•fig. i, b). In the male on the otheir hand, the pore is fo"ncl on

the basal joint of the fifth pereiopod on the apex of a papilla xvhi('h
is bordered with set'ae (text-fig. i, a).
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the. Ieft slcle only, except those of segment 6 xvhich are pairecl ancl
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 and sparsely providecl with pluinose hairs (text-fig, 2). In the Åíemale

 t'he internal r,ami. of the appen, clas.?-es of seg'ments 2, 3, and 4 are lon.o.'er

 than in the male, club-shaped and furnished xxrith long stiff setae to
 which the eg'gs are attached in the breecling season (text-fig'. s). The

 external rami of these appendages as well as the appenclag'e of tiie
 fifth seg'ment do not show any sexual cliffere.Rce.

     ttt                                                    '                               '                                                     '           Modification in the Secondary Sexual Character

' rAY 7)7'oPo7'li'o7za•ILen.o"tli o./tlie T•fc,o 7?ami' of
                 l'lie Abdomz'nal /{1PPenda.o'es.

     .ajs stftcted above, in E. sa•niuelilg the interRal rami of the abdo-
 init}al appendic g'es are relatively loitger in the feinale than in the inale;

 the relatixre leRgtlt of these rcxini is nioclifiecl ilt both sexes by the

 parasitisna of .Pe]IXogtasXer. In order to inake a crucial stucly on this

 point tlie gatio of the leng'th of the internal ranius to that of the
 externat rainLts of the same .xppenclage was take.B i,n(I examinecl
 statistlcally. The leng'ths cf the txxro ranii were measured cncl the. ratio,
 (leng'th of iRtern.al rainus Å~ ioo):(len...o'th of external ranius), xvas

 obtained as shown in tables i-s, (Also see dia.o'rams i-7)•
     The facts disclo.gecl in tables i-s are:
     The ratio of the leng'ths of the rami in each of the first, seconcl
 ancl third appendages is larg'er in the 1 emale thaR in the nif.tie, xxrhereas

 there exists no sexuai difference in the ratio of the raini in the ap-
 pendag'e of the fifth se.o'ment (the thir(1. appendage in the male and tl]e

 fourth appenda.o'e in the female).

     In the first ancl seconcl .appendages of the niale the ratio is greater

 in infected individu.als than in uninfectecl, xvhile in the first, second

 and thircl appenda..o'es of the fe]nale it is snialler in infectecl than in

 uiiinfected. •
     The ratio in the i,ppendagre of the fifth sett-nient is not moclified

 by parasitisni in either sex. '
      (LEIj rTr7re Nat7tre o.f 1]fod2flr.a•l'2'o7i 7'77. Abdo'mz'n.al

                          APPenda•.o'e.

     In order to eiiter cleeper into the problem, the leng-th of the ramus

 in relation to the catirapace length was examined, the latter lens,'th being

 tal<en as an lnclex of the ..o'eneral size of t!Le bocly. Tke clata have

 been obtained froni ,all the ,append,ag'es o'Åí itifectecl .ancl unin'fecte(l
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   TABLEs l-4 : Showit]g the distribution of normal and
according to the relative length of the two rami of abdominal
of interna] raTntis Å~ ioo) : <length of exterilal rtanus).

infected jn
appenclages

div;,duals
: (lensrth

Appendage

'[l]ABLE 2•

of abdominal segn]ent III,

Abdi. app.

     TABr.E I.

itYppenclage of abcloinina]

     segment IT.

Class

   26.s-28.s
   28.5-3o.5

   30•5-32.S
   32•5-34•S
   34•5-36•S
   36•s-38.5
   38•S-4o•S
   40•S-42•5
   42•S-,44•5
   44•S-46•S
   46•s-48•s
   48•5-5o•5
   SO•5-52•5
   5zS-54.5
   S4•5-S6.S
   s6.s-s8•s
   s8.s-6o.s
   6o.s-62,5
   62.s-64•5
   64.s-66.s
   66.s-68.s
   68.s-7o.5

   70.5-72•5
• 72•5-74•5
   74•5-76i5
   76.s-78•S
   78.s-8o.s
   8o.s-82.s
   82.s-84•5

   84.s-86.s
   86.s-88.s
   88.s-go.S
   90•5-92• •5

   92•S-94•5
   g4-S-g6•s
   g6.s-g8•s
   g8.5-Ioo.s
  IOO.5-102.5
  I02.S-I04•S

    'rotal

I in male

IXot-ln• l

Abd. EIPP.

Class

46•s-48•s
48.s-so.s

SO•S-52•S
S2•5-54•5
S4•S-56•5
s6•s-s8•s
s8.s-6o.s

6o.s-62.s
62.s-64.5
64.s-66.s
66.s-68.s
68.s-7o.S

 70•S-72•5
 72•S-74•S
 74•5-76•s
 76•s-78•S

 78.s-8o.s
8o.s-82.s
82.s-84.S
84.s-86.s
86.s-88.s
88.s-gO.S

90•5-92•5
92•S-94•S

 g4•S-g6•s
g6.s-g8•s
g8.5-Ioo.S

loo.5-102.S -
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le4.s-Io6.s
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          TABLE 3•
Appendage ef abdominal ses,ment IV.

Abd. app.

Class

24.5-26.5
26.s-28.s
28.s-30•5

30•5-32•S
  e'32•5-34-S
r)4•s-36•s

36•s-38•5
38•5-4o•S

40•S-42•S
42•5-44•5
44•5-46-S
46•s-48.s
4S•5-SO•S

SO•S-52•5
52•S-S4•5
5"5-s6.5
s6.s-sSS
s8.s-6o,s
6o.s-62i5
62.s-6[t,5

64.s-66.5
66.s-68.s
68.s-7o.S

70.5-72•S
72•S - 7• 4•5

74•5-7{r)i5

76.S-78.5
78.s- 8o.s

8o.s-82.S
82.sk84•5
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 TABLE 4-
of abdoininal Sef,Tl)1()llt V.

Abd. app.

 Class

20,5-22.S

22.5-24-S

24•5-265
26.s-28.s

28•s-30.5

30+S-32•5
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indivicluals of both sexes. Tlie results are shown in tables 6-ss•
(.Mso see diag'rams 8-i4).
    The facts thact can be cleduced from these tables are:
    Tiie external ramus of the first appenclagre of the male is shorter
in infected indivicluals than in uninfected, •xvhereczs the internal rainus

shows no difference between uninfectecl and infected. In the second
appenclag'e of the male, however, the internal ramus is longer in
infectecl iltdivicltials thaR in uninfectecl, wliereas the external ramus

shows no diffei`eRce whatever.

    The internal ramt}s of each appencla.cre of the female, e.xcept that
of the fourth appeiiclcaste, ls shorter in infected iiitdivicluals than iiiL

xminfected, whereas the external ramus is substantial!y equal in both
classes, thous,li not exactly so.

    In the appeRd.age of the fiftli segment of either sex the internal

rainus as well a$ the external ramus is utimoclified.

        rCV A- PPcaran.ce ofafz Ext•ra APPentlcvs,'d z?i
                !}fale antl lfodifi'cati'o'n i'n tke•s

                   .St•ruct•it.•re of ribalomi'na.l

                         APP evi da.cres.

    As mentioned before, the appendag"e is normally absent from tlie
seconcl abdomineLl ses,ment of tke male. But., of the 26o norR3al males

exainiRecl, s were founcl to be provided with an extra appenclag'e in
ses,ment 2 lil<e the female. One of Åíhese abnormai inclividtials was
providecl with a sniall fing'er-shcftpecl unramified rudinientary appenclage,

xvhile the reniaining' 4 hacl a biramous appenclag'e. It is not 1<nowR

xvhether tliese inales with an extra appenchcge hacl been infestecl by

a parasite•or not, but neither external nor internal anatomy shows any
trace of previous lnfection in these lndixridtials.

    I.n infected males this appendage appears rather ofteR: of tlie 246

infectecl niales xvhich I exaniined, 3 xvere providecl with an unrtunified

rticlimentar}r appeiiLclag'e-in this sesrinent, ancl 26 hacl a birainous ap-

pendage.

       'I"ABi.Es 6-33: Correlation tables, shorving. the Iength oe the ramus of the
    abclon)inal appendages in rclation to the carapace 'len.crth. !-Sor the carapace length

    tlie actnal Jength and for the rEunus iensrth 22.5 tiines the acttial jength in nnu.

    are glven.



7o S. M. SH IiNO :

External 1'allltlS

 rlrABLE 6.

of abd. app. I of norn)al male

kl'g ,

.

Ct).rapace length in lnlll.

2.5-3•S

I2•5-I4•S
l4.S-I6.S
I6.s-iS.S
I8.s-2o.S
20.5-22.5
22.S-24•S
24.s-26•S
26.s-28.5
28.s-3o-S
3e•S- 32• rb

32•5-34•S
34•S-36•S
36•s-38•S
38•s-4o•S
40•5-42•S
42•S-44•5
44•5-46•S
46•5-48`S
48•s-so•S•
50-5-52•S
52•S-54•S
54•S-56•S
s6.s-s8.S
s8.s-6o.s
6o.s-62.S
62.s-64•5
64.s-66.s

r

5
5.

3•5-4•5

'rotal

IL\,rean

!
I

l

o•5
o•5
i

2.S
2•S
o.S

ew

I.5

18.8

8•5

22,8

4•S-s•s
is.s-6•s

I•S

7
6.7S

2.75
I

wt I9

28.9

 I.75
 4•75
Io.75
I3
I4.S
6.2S

5{

S7•5

36•g

6.S-7.S

I.7S

4
s

II.7S
I4•S
14
 8•5

12.S
6

 o,7S
 o.25

79

42•9

7•S- 8.S

o,5

 i
i

 4•S
5

 9•5
xo•S

IO
 9•2S
 6.2S

4

"6L5

48.I

l
8.5--9.5

ell  ,i

"2I

"S4,2

9.5-IO,SIIO.5--ll.S

lli'.

l

4•S

S9•3

ii

pm

  o.S

6s•S
-3s2

Internal ]'iu)]us

 TABLE 7•
of abcl. app. I of llOl'l))tL} nialc

iik"

 4•5- 6.s
 6.s- 8,5
 8,5 - lo.5
IO.5-I2,5
I2.S-I4•5
I4•s-I6.s
I6.s-18.s
l8,S-20,S
20.5-22.S
22.5-24,5
24.5-26.s
26.s-28.5

'rotal

tv[e,111

Carapace lenL.Tth ]11 •-]llln,

2.S-3•5

o.S
o.S
o.S

-I.5

7•S

3 5-4•S

o.S
4•5
3•5

8.S

IO.2

4•S-5•S

l.S
{.)

6.5

I

-

T8

I2.3

5•s-6.s

pt
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g
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52i2
579

pt
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 pt
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F..xternal ramtts

 [['ABLE 8.
of abd. app. I of infected n]ale.

cr'ii.

i
g•

I4.s-I6.S
I6.s-I8.s
I8.s --- 2o.s

20.5-22.S
22.5---24•5
24.S -- 26.5

26.s-28.s
28,s-3o•S
30•5-32•5
32•S -- 34•5

34-S-36•5
36•S -- 3S•5

38•S-4o•5
t;O.S-42•S
42•5-44•S
44•5-46•5
46•s--48,s
48,s-5o.s
50•5-S2•S
52•S-54•5
54•S-56.5
s6,s--s8•s
s8,s -- 6o.s

6o.s-62.s
62,s-64.S
64.s-66.s
66.s - 68.s
68.s -- 7o•s

70•5-72•5

'IL'otal

]N•Icaii

Carapace length in 11)rl).

3•5-4•S

I

i
    i

l
'lii

in

i
:

    -i

im

6,5

22.6

4•S-S•S

-
2

5l

s .I

573
s2s
57 .4
s7 t9

s .3

v
-
-
N
pt

-
-
-
-
nd

-
----

"
v
-
-
ww

"
pt

nt

23

26.S

S•s-6.s

'/i

   g  l,

ll'

65•S

33•6

6.S-7•5

III

           il'l'iii

I

pts .I7

39+9

7.S-8.s

i
-

i
2

  g

il
ls

 si

:  -

42•5
ffta6

8,S-g•5

'i

g
'ili

I
II

5LS

9.S-ulO.S

-
-
-

-
-
-
in

-
-

I

I

-
-
-

-
-
-nd2

55•S

Io.5-II.5

li'ii

v

t 2

68.5

233

Internal ranatts
 TABLE
of abcl. app.

9•

 I of infectecl male.

kli,

 6.s- 8.s
 8.s-IO.S
IO.5-!2•S
12.5-I4•5
I4.S-I6.5
16.s--I8.s
x8.s-2o.s
20.5-22.S
22.5--24•S
244S-26.5
26.s-28.s
28.S-30•S
3o•s -- r)2•s

32-5-34•S
   .nt- . . .un-t
IL'otal

A'Ieaii

Carapace length in lllll].

3•5-4•5

2•S
2.2S
I.2S
o•5

in
it

-
-
-

6.S

9-4

4•5-S•S l s•s-6•s 6.5-7•S

 pt
 4•7
IL7S
 9•5
 4•5

:

:
:
:

 pth
30•S

I2.4

 I
 o•S
 8.S
I9•S
2.0..25

I2.7S
 4•S
 I.25
 o2S
 --"

 -

 h
5 .o7

IS.I

 -
 i
 i
.8.S

 9•7S
I6.25

2o.25
 7•5
 2•7S
 I•S
 o.5

69

i8.o

7•5-8•5

/8,

gz"

1!I

:Ig
I

-
43•S

2I.I

8,5-9•5

-
-
-
l.5

2
I•5

4
o.S
2
I.5
o.S
o.S

I4

24.0

9•5-IO•5

il

I

I9•S

IIO.S-li.5

h
-
in

-
-
-
-
-
-
I

I

2

30•5

237

ew



72 S. I.NL SI-IIINo: -
]l'xternal 1'tlll]US

 TABLE IO•
     'of abcl. app. II of noniial male.

'l'••.

i
FLr't

j

I8.S-2o.5
20.5-22.5
22.5-24.5
ggll:2,gll

28.5-30.5
30•S-32•5
32,S-34•5
34•S-36•5
36.s-38.S
38•5-4o•S
40•S-42 5
42•S-4e•5
44•S-4b.5
46•s-48.s
48.s-so•s
50•5-S2•5
52•5-54•5
54•5-S6•5
s6•s-s8.s
s8•s-6o.s
6o.s-62.s
62,s-64•5
64.s-66.s
66.s-68.s
68.5-7o.5

Carapace length in 1111n.

2.S-3•5

l

'

l

'rotal

A'Iean

'l"

pt  I.S

nt•2o.8

3nyS-4•5

    gi ,ll

'l

  c)

 ,25.0

4•5-5•5

  giili'

5o2

 3I.O

s•s-6.s

:

'

l
l'.

:

I

6s

38.I

6.5-7•5 5
 i8 -5

 .

7

ag-:

i

-
   s:lfi

;
s2.t

I

-h11

4",6

E

2,ilil

I

i

55•5

4g,6

8.5-9•S

pti

i

l
i•

r

23•5

p

s6.I

9•5-IO•5

-
-H-

-
-
-

-
-
-

ri
ww

-
-
-

nv
3

-
ww

'
-
4

i 6o.o

1-  247

-
TABLE lI•

Intertial 11Ul)US of abcl. app. II of llOl'lllar male.

'

ll,
 4•s- 6.s
 6.s- 8.s
 8.s-Io.S
IO,5-I2.S
I2.S-l4•5
I4.S-I6.5
I6.s-x8.s
I8.S-2o.5
20.5-22.5
2zS-24•5
24.5-26.S

Total

LN'Iean

Cat'apace lengt'l] in 1}IM.

2.S-3•S

r

-o.S

nv

ww

-

-
-

  I.5

6.8

3•5-4•S

' ill

-
-
-
-
-

 8.5

 Ie.o

4•5-5•5

 -
3

!I,7S
6.25

-
ww

-
-
nd

2r

II.8

5•5-6.s
l 6.s-7.s

 I

H•5
oo
I tl}+S

 '

I3•9

ww -
 '
 -
 I.75
I3.25
25•7S
29
 9•25

pt 79

I6.3 t

7•S--8,s

 -
 .ff-

 -
 i•S
 I
 6.25
27
26.S

 2.2S
ww

th64•5

I7.8

8.S -9•S

nt -
 -
 -mN

o•5

 -
 7•7S
Io.7S
 I
 I.S

 2I.S

 2I.O

9•S-IO•S

-
-m-

wh

H
-
ww
I.S

I•S

i

--  4

pt 2I.8

pm2s6

-



Stud•ies on the

External

2VIodzfication of Sexual Cltaracters,

      TABLE I2.
ramLis of abd. app. II of infected male.

etc. 73

ll,

20.S-22.5
22.S-24•S
24.S-26.S
26.s-28.5
28.s-r)o•S
30•5-32•S
32•S-3i•5
34•5-36•S
36•5-38•s
r)8•s-4o•S
40•S-42•S
42•S-44•5
44•5-46•S
46.s-48•S
48•s-so•S
50•S-S2•5
S2•S-54•S
54•S-s6•5
s6•s-s8•5
s8.s-6o.s
6o.s-62,s
62.s-64•5
64.s-66.s
66.s-68.5
68.s-7o.5

Total

'Å}N'I ea n

Carapace ]ength in lllM.

3•S-4•5

    s•ill

5t5

24.8

   g4•5-5•5

-
!

2
7
8.S
6.75

2.25
2
I.5

3I

30.I

5-5--6,s

 I
2.5
4•25

 7•2S
18.5

ILS
l2
3•25

 3•75
2.5

 I,5
o•5
o.5

 -

6g

37•4

6.5-7•5
l,

 I
 I•S

2.S
6.5
6.25

I7
rg.2s
7•7S
5•2S
3+S

2
o.S
O.-05

O.2S

-

73•S

44•7

7.S-8.5

o.75
4•75
6.75

9
9•75
2
4•5
3•2S
I.2S

-

8.5-9•5

'l

    gISi-iil

'S.,

9•5--Io.S

s

I

42

So.6

l

SI

ll

1

57.8 l 63:5

233

Internttl L'ELMUS

 TABLE I3•
oE abd. app. 1.I or infect'ecl male.

ll.

g.

g•

 6.s- 8.s
 8.5-Io.S
IO.5- I2.5
!2.5-I4•S
i4.5-I6.S
I6.s-I8.S
i8.s-2o.5
20.S-22.5
22.S-24•S
24.5-26.S
26,s-28.5
28.S - 30•S

Tetal

)•Ican

Ctirapace length in mm,

3•5-4•5

o•5
3•S
I

o.5

pt
pt
pt

5•S

IO.4

4•S-5•5

 I
2

lo.5
l4
 3•5

 I

32

r2,8

5•5-6.s

 4•5
II
27•75
I6.2S

9
 o.S

69

i6.o

6.5-7•5

 6.2.g

Ig,75
3o
I3
 2.5
 2,

73•5

I9•3

7•5-8•5

 -
 "

 M
 I•S
 1
I8.25
I2.2S

6s5

3•S
o•5

 i

44-S

2I.2

8.5--9•S

-
-
rw

-
-O.2S
4•2S
6
3

-o.S

r4

23•5

9•5-IO.5

I
2

26.S

IO.S-II.S

 5 .6

I
l

I.S

28.2

242



74

External

S. INil. SHIINO:-

ralllus

 'lrABLE I4•

of abd. app. III of nornutl niale.

v
iig'i

I6.s-I8.s
r8.s-2o.s
2o.S-22.5
2-o.5-24•5
24.5-26.S
26.s-28.5
28.s-3o•5
30•S-32•S
32•5-34•S
34`S-36•5
36•5-38`5
38•5-40•5
40•S-42•S
42•S-44•S
44•5-46•S
46•5-48•5
48.S-SO-5
50•5-52•S
52•5-54•5
54•5-56.5
s6.5-s8•S
s8.s-6o.s
6o.s-62.5

Total

)!ean

Carapace Iengt'h in llllll.

2.5-3•5

 st&

I,5

I8.8

3•S-4•S

311E

8

23•4

4•S-5•5

-
     g'lll'ii!

-

2I

28.6

s•s-6.s

I

 I.75
8.25

I4
IO•S
I3•S
2.7S
2.25
o.S

o.5
o.S

SSt5

35•3

6.s-7•S

 o•5
 4•S

4
IO•S
xS
20
I2.5
4
5
3

79

4I.o

7•5-8.S

 2
 o.S
 3•25

7

 9•25
!2.75
IO.2S
 8.S

 2
o.S
o.5

 i

57•S

45•5

8.5-9•5

lii'

x9•5

5I.8

9•S-IO•5

i

4

S3•5

246

Internal ilLIIIUS

 TABLE I5-
of abd. app. III of iiornial nlate.

gi'

4•5- 6.s

 6.s- 8.s

 8.s-Io.5

IO,S-i2.S

I2.5-I4•S
I4.s-I6.S

r6s.-i8.s

I8.5-20.S

2o.S-22.5

'lrotal

rviean

Carapace length in lllnl.

26-3•5

 s .g

I.5

6.2

3•S-4•5

 5 .g

 8.S

8.8

4•S-5•5

o,S

12.2• 5

 7•25

20

10.2

5•5-6.s

8.75

24•S

2I.25

o.S

5S

I2.0

6.5-7•S

 2

 I

I4•5

3I•75

2I.2S

6

 I

h- -11•)

I3•9

7•S-8.s

 3•75

I5.2S

22.2S

I425
o.S

I•S

g7•s

Is.6

8.S-9•S

 2.2S

,;.5

Io.2g

3

20

I6.g

9•5-Io•S

2•

o.S

I6

4

I9.2

2LT4



Studies on the

External

Modification of Sexual Cltaracters,

       TABLE l6.
ramtzs of abd. app. III of infected male.

etc. 75

IS.S-20.5
20.S-22.S
22.S-24•S'
24.5-26.5
26.s-28.S
28.S-30.S
30•5-32•S
32•5-34•5
34•S-36.s
36.s-38•s
38•5-40•S
40•S-42•S
42•S-44•5
44 S-46•S
46.s-48.5
48•5-sO•S
50•5-52•S
52.S-54+5
S4•S-s6•s
56.S-5S•5
s8.s-6o.s
6o.s-62.s

[L'otal

A•Iean

Carapace length in mm.

3•5-4•5
l
I 4•5-5•5

I
 5•5-6•5

I

gz:E
2

pt

6.S

23.I

g
'i

3i•S

28.6

 -

o.S
 I.5
 7•S

9•S

I4
I8.2• 5

 7•5
3•25

 I.S

3•5
o•5

 -
 -

67•S

34.8

6.s--7•S

 -
 ew
 -
 '
 '
 I
 1

2.5
4•25
9

II.2S
IS•5
 6.S

I4
 3•S
 I

 ge-
o•5

 --.-

 -
 w--

7e

41.2

7•S-8,s

     g

i5
l.

43•5

47.I

8.s-9•5

ll1 2i.g

I2.5

53•9

9•S-IO•5

-•

-

1

o.S

l•S

s6.2

233

Internal ralnus

  'IlrABLE I7•

of abd. app. III of infected male.

,'l.

,e

si•

 6.s- 8.s

 8.s-lo.5

IO.S-I2- 5

I2.5-X4`S
i4.s-I6.s

I6.s---I8.5

I8.5-2o.5

20.S-22.S

Total

iNfean

Carapace length in mm.

3•S-4nyS

5
.4

2

6.S

8.I

4nyS-5•S

4

s 'rI

9

r
'

-
pt

ew

-
3L5

9•9

S•5-6.s

 -
IO.5

37

I5•7S

 2.7S

 o•S

66.5

II.9

5
 .

7 -•s6

 I

I7•S

34-2S

16.25

5

74

I3•7

7•5-8.s

 -
 i

2

 7•S

I9•7S

I3•7S

o.7S

O.2S

45

I5•4

8.s-9•S

-
I

o.5

325
6.2S

o.25

I.2S

12.S

!6.8

9•S-IO•5

-
o•S

i

I•S

18.2

       l
       'IO,5-II.51
       '

so5

I.S

20.I

E

239



76 S. M. SI-IIINO:

External r.anllls

 "l(rABLE I8.

of abcl. app. I of normal feniale.

lii.

l
si•

I4.s-I6.5
I6.s-I8.s

I8.5-20.5

20.S-2.0..S

22.5-2dl.5
24.S- -26,s

26.s-28.s

28.S-30.S

30•5-32- •5

32•S-34•5
34•S-36•.S

36•s-38•s
3E •s• -4o•5

40•S-42•S

1!'otal

lIean

Carapaee length in lnlll.

2.S-3•5

o.25

o.25

-

o.5

I6.s

3•S-4•S

o.75

4.7S

4•S

o.S

pt

io.5

I8,4

4•5-5•S

 I.S

 5•S

 5•2• 5

lo.7S

 4•25

 I.2S

o.S

 pt

s•s .6.5

E

E

29.

22.6

3•25
6.75

8.2S

{o• 7• 5

7

9•5

 -
4StS

3
 .82

6.5-7•S

E
 i

I5

3:}•7

7•s-8.s

 s   :

oll, .

E

'

I

i

3•5

34.6

I04

Tnternal ralllus

 T.ABLE I9•
of abcl. app. [ of llOl'1)]nr female,

'gi•

Carapnce    {length in IIIM.

:• 5- 3•g.

c

IO.S-I2.5
I2.S-I4•5
I4.5-I6.s
16,s-I8.s

I8.S-20,5

2•O.5-ee•S

22.5-24•5
24.tt -26.s

26.s-28.s

28.s-3o.5

30•S-32•5
32•S-34•5
34•5-36,s
36•s-38•s
38•5• -4o•5

o.2S

o. 2- 5

-

-

E

I

3nyS

Total

l 1'ean

o•5

I2•S

s4-
"

5•7o
s7 .I

2

s73

572

II

I6.6

4•5- 5•5

o•5

I.5

3+75
8.L,5

4•5

s

I.5

o•5

o.5

I

29

20.9

S•5 rm
6.5

 I

2.S

7

I6.5

7

 7•5

4

4S•S

2• 4.3

6.S- 7•5

pt

  2.5
  I•S
. o•1

  2.S

  4
  -o.S

  o.5

7•)

I4

3I•5

t.wtt'ttm

28.
pm

g

i-

I

ii    sol.

3 Io3

32•5



Stztdies on the Modzfi    .catzon of Sexi{al Characters, etc. -"!11

External rainus

'I'ABLE

of abd. ,iPP.

20.

,{ of infected feniale.

gi,

IO.S-l2.S
I2.5-I4•S
I4.s-I6.s
I6.s-I8.s
!,g.s-2o.s
20.S-2• 2.5
2.o..S-2• 4-5

24.5-26.5
26.s-28.s
28.5-30.5
30•5-32•S
32•5-34•5
34•S-36•s
36•s-38•s
3S•s-4o•g
40•S-42•5
42•5-44•5

Carapace length in lnlll.

3•S-4•5

I

 I
I.S

I.5
I

I

Total

.A{ean

6

l i5.6

4•5-S•5

it
il

2I

2o.7

5•5-6.5

ill

li"i

33-S

27•=

6.s-7-5

pt

'
-

.-
- s .o

52 .3
52s

g
52

2

23•5

3I.6

7•S-8.s

is

I2

8.s-g•5

I

I

36.8 35•5

'

97

lnternal ramts.

TAp.x.n

of abd. app.

2I.

l of infccted feinale.

ig'i

Carapace length in lllM.

3•S-4•S

 ty•s- 6•s
 6.s- 8..,-
 8.s-Io.rh
IO.5-I2.5
I2.S-I4•5
14.S-l6.5
I6.S-IS.5
I8.S-2o.5
2o.ri -2.o..s

22.s-2g.s
24.5-26.5
26.s-28.s
28.s-30.5
30•S-32•5
32•S-34•5
34tS-36•5

'j]otal

rvIean

o,S
o.S

2
.o.S

2
I.5

o.S
o.S

8

I2.5

4•S-5•5

5
.o

IL'

l

i9•S

I6.I

s•s-6.s

l•

33•5

Ig.6

6.S-7.5
i

7.5-8.5

iii

il

;

24•5

24.6

L

lIi'

I2

L,8.6

8.5-9•5

o•5

o.S

2S•5

98



78 S. M. SIIIINO :-

EKternal t'alxlus

 TABLE 22.
of abd. app. II of iiomnal feniale.

igl,

l8.s-2o.S
20.5-22.S
22.5-24•S
i`gisliE[!

30•S-32•S
32-S-34•S
34•S-36•S
36•s-38.S
38•5-4oiS
40•S-42•S
42•S-44•S
44•5-46.5
46•s-48.s
48+5-r5o•S
So•S-52•S
52•S-S4•S

Total

l

Xl [etUl

Cal-[lpace len.gt'h iu 1111)1.
E

2.S-3•S

g;:g

I

2I.O

3•S-4•S

o.25
o.7S
3•2S
2.7S
3
I

o•5

II.S

2S.7

4•S -5•5
Es•s-6•s

g

29

30•S

I•S

4•5

IO
4

I4•S
7•

I

2•

o.S

45

36•3

6.5-7•5

o.S
I

o•5
o.S
o•5
i.5
4••5

I

I.S

o•S
2.75
o.25

IS

44.o

7•5-8.S

!

o.S
o.75
o.25

E

E

2.S

47•3

lOtY

Tnternal 1',lllltlS

  tlE'ABLE

of abd. app,

23.

II of norinal fellla!e.

ww
'

lgll

8.s-Io.s
TO.5-I2.5
I2,S-I4•S
I4.S-I6.S
I6,s-I&S
!8.s-2o.s
2o.S-2.e.5
2-o.S-24•S
24.s-26.5
2. 6.s-28.s
28.s-30.S
30•5-3:}•S
32•5-3tV•S
34•S-36.S
36.s- 38.S
38.s-4onys
40•5-42•5
tL2•5-44•S
4tFs-`r6-S
46.s-tl8.s

ll/'otal

laNIean

Carapace Ieng.tli in 1111n.
I

2•5-3•5

'i

I

II•S

3•5-`?•S

o•5

i

3•S

3•5

2
o.S
o.S

II.5

I8.I

4tS-5•5

 rd
o.S
o.5
2•

I

O h"th.1b
IO.2• S

7

3•5
 I•S

 -

 -

29

23.7

l
5`5-6.5

iliii

ii

-go.

45

27•7

6.S- s8 -•5757

ll

i'i

I

 s;.

I6

36.4

o.5
I

o.S
I

I

o•5

4•S

38,8

IOtt



Studies on the

External

Modz:17cation of Sexual Chai'acters,

       TABLE Ho4.

ramus of abd. app. II of infectecl female.

etc. 79

ll

s
gUi

I8.5-20.5
2- O.5-22• .5

22.5-24+5
24.s-26.s
26.s-28.s
2S.5-30•S
30•5-32•5
32•5-34•5
34•S-36•s
36.5-38•s
3S•S-40•5
qO•5-42•5
42•S-44•S
44•S-46•5
46•s-48.s
48•s-so.s
SO•S-52•S

'i"otttl

I•Iean

C,arapace length in mm.

3-5-4•5

2
o.S
2
o.5

i

6

F

23.2

4•g-s•s

o.S

3•S
tl

4•5
2
3•S
I

I9

2q. .4

s•s-6.s 6

ll
5gIl

3{

36•3

-s- 7•S

o•5

3

4
I.25
8.2S

2.5

4

23•5

4o.6

7•S-8.s

O.2S
I.75

o•5
3

2
"o

IO.S

474

8.5-9•5

I

I

39•5

91

Intcrnal 11111)tZS

   TAF,LE

of abd. app.

25•

II of infectecl feinale.

i"

i
.g

 S.S-IO.5
IO.5-I2.S
I2.S-Xti.S
I4.5• -I6.s
I6.s-t8.s
IS.5-2• O.5

20.5-22.5
2.o .5 - -e• 4•5

24.5-26.s
26.5-2S.5
28.s-3o.S
30•5-32•5
32•S-34•5
34iS-36•S
36•s-38•s
3S•5-40•S
40•S-42•S
42•5-4t}•5

Total

I1'ean

Cal'aPEFCe ]ellg.tll ill mm.

3•5-4•S

o.5
I

2-

I

o.S
i

6

i6.o

4•5-S•S
E5•5-6•s

s .I

-i
s25

i2 t3

2

20

I7•9

E•s- 7•5

l

g
s2 .3

g;lg
5:3

s

33

22.3

   g

ii ,

l.

iii'

562

27.0

7•5-8.s

I

ll"i.i

II,S

33•4

8.S-9•S

l

-

-
-
-
pt

I

2S•S

98



8o

Extevnal

   S. M. SkllNo:-

       TABLE 26.
ramus of abd. app. Ii.I of norinal female.

,il.

2

E

22.5-24•S
24,S-26.5
26.s-28.s
28.S-30.S
30•5-32•5
32•5-34•5
34•S --- 36.5

36•S-38•s
38•5-4o•5
40•5-42•S
42•5-g4•5
4t;•s-46•s
46•s-48•s
48•s-so•s
50•S-52S
s2•s-s4•.g
54•5-56•S

'Jl otal

Mean

Carapace length in 1111n.

2•S-3nyS

I

I

23•S

36-4•S

3
2
3•7S
1.25
o.5

-
-

IO•S

26.4

4•5-5•S

:

3•2S
8.S

4•25
6.25
2.25
I.5
I

29

3T,2

ls•s-6•s

  ig

  O.2S
  2.75
  8.2S
  6.75
 I2.5
  8
  4•S
  2
  O.2S
  o.25
  o.S

  -lj46

37•3

6.s-7•5

o.S
o.5

2
4
I25
2.25
o•5
2.5
o•75
o.2S

I4•S

45.8

7•s-8.s

  'wh
  Fm-

  I
  o•5
  o.S
  o•75
  o.2S

-.3 I

s 104

5r.2

Internal

       ']]ABLE

rainus of abd. app.

27•

ITII of nonnal feniale,

ig
'lg.

g
lg

 8.s-lo.s
IO.S-I2.S
I2.5-I4•5
r4.5-l6s
I6.s-I8.s
I8.5-20.s
20.S-22.5
22.5-24•S
24.5-26.s
26.s-28,s
28.5-3o•S
30•5-32•5
32•5 -- 34•5
34•S --- 36•s

36.S-38•s
38•5-40•5

'lbtal

1""re,111

Carapace length in mm.
      i2•5-3•5i

o•75
O.25

-
I

I2.0

      l3•5-4•S •

  o.S
  I•75
  I.2S
  I.5
  4
  o.S

  -

9•S

whIS2

4•5-SiS

o.S

3
S•5
8
6

3•25
2.2S

-

28.5

I9•9

5•S-6.5

 tw

 r
-•
2
6.S

IO.S
9•75
8.7S

 2.25
2.7S

 1
 I
e.5

46

23•S

6.5-7•5

-

rd

o.S
o.S
3
I.75
I,25
2.5
2
o•5
I•S
I.5

IS

30•9

7•5-8.5

I•S

I

o.S
I

4

33•2

I04



Sttidies on the

F.xternal

Modification of Sexzsal Characters,

       TABLE 28.

ramtis of abcl. app. IT{ of infected female.

etc. 8!

 T.
 E = = m
 e
 U:.
 EilL

 :..

 g•g
 .
 Å~
  ab
 }"
 Ul

20.S-22.S
22.S-24•5
24.s-26.S
26.s-28.s
2S.S-30•S
30•S-32•5
32•.5-34•S
34tS-36•s .
36.s-3S•s
38.s-4o•S
40•S-42•,5
4e-s-44•s
44•S-46"s
46.s-48•s
48•s-so•.g
SO•5-S2•5
52•S-S4•S
54•5-56-S
s6.S-5E •5
s8.s-6o.s

Tot:tl

A•iean

Carapace ]ength in mm.

3•g-4•s l 4•s
-5•S

g,

g?i

4•S

26.4

l1ii

20

3o,6

s•s-6s[6•s-7.s

5o:

I

i5i

r

33•5

pt• 38.o

g:?

glEi
  s?

'

;

24•S

43.S

7-S-8.s

o,2S
o.25
o•5
i

2•

4•S

I

2

II.S

SO•7

8.S-9•S

i
I

I

S9•5

95

Internal t-,llllUS

  TABLE
or al)c3. npp.

29•

III o.f infected female.

11"

 8.s-Io.s
IO.5-I2.5
I2.S-I4`5
I4.5-I6.s
16.s-I8.s
I8.5-20.5
20.S-22.S
22.S-2•-4•S
24.S-26.5
26.s-28.s
28.5-3o•5
30•5-32•5
32•5-34•5
34•S-36•S
36.s-38.s

Irotal

)7N.[ean

Carapace iength in mm.

3•5-4•5

  I
  o.5
  o.5
  I.25
  I.25•

  i

  5•5

I5.I

4•5-5•5

'gl,•

s•s-6•s

2I

I6.3

:

3•25
725
4•2S
8
3•2S

3
2•S

33•S

20,3

6.5-7ny5

E
I

o.•S

I

2.75
6.5

2.7S
2,5
1.7S
5•75

I

7•s-8s

l

 24•5

24•5

;
. o:s

  r.7S
  I.25

 2.5
  I.5

 2
IL5

3o.6

8.5-9•5

I

I

29•5

97



82

External

   S. ]NE. SHIINO:-

       TABLE 30•
ramus of abd. cftpp. IV of norinal feinale.

g,k.

i
g•

l8.s-2o.S

20.S-22.S

22.5-245
24.S-26.S
26.s-28.s

28,s-30.S

30•5-32•5
32•5-3q•S
34•S-36.s
36•s-38•s
38•s-4o•s
40•S -- 42•S

42•5-44•5
44•5-46•S
46•s-48.s
48•5-so•S

50•S-S2•S
52•5-54•S
54•5-56•S

Total

1,Iean

Cavapace length in mm.

2.S-3•5

I

-
-
-
'
-
-
-
in

pt

-
-
pt

r
-
-
-

I

21.5

3•5-4•5       4•5-5•S

lGzl

9

24•5

o.S

3•S

S•7S

6.75

7•75

2.7S

I.25

o.75

-
-

29

29•9

5•5-6.5      ,6.5

-
ww

g,i

Il
57 .2

s78

578
    52:z

2

2

5 .o

43•5

3S•3

-7•5

'

'i

'll

ii

ii

I3•5

42•4.

Z5-8•5

ii'.s

   l

i,

    ig'.

4

48•4

Ioo

Internal ]'amlls

  TABLE
of abd. app.

3I.

IV of nornial feinale.

llig 4•S- 6.s

6.s- 8.s

8.s-Io.S

IO.5--I2.S

I2• .5 -- I4.S

I4.5-I6.S

I6.s--I8.s

"rotal

Menn

2.S-3•S

I

I

7•S

    Carapace

3-s-g•s l4•s-

 Icngth in mm.

   s•s-6.s          6.S-5•S

I

4

2.5

I

rw

8.S

68

:-

I

3•S

I4•7S

8.7S

 I

 pt

9{

9•9

 X2.S
 2q.•S

  s
  i.7g

  O.25

44

II.4

s7

o.25

6.7S

3•S

2.75

o.25

I3•S

I2,9

xs-8•s

o.S

2

I.5

4

I4.0

IOO



Stttdies on the

External

fl;4odifcation of Sexual Characters,

       TABLE 32•

ramus ef abd. app. IV of infected female.

etc. S3

cri'.

'e

g,.,

2.7..5-24.5

24.s-26.s
26.s-28.s
28.5-30.S

30•5-32•S
32•S-34•S
34t5-36.5
36.5-38•5

38.s-4o•S

40•S-42•5
42•5-44•5
44•S-46•5
46•s-48.s
48•s-so•S

5o•S-52•S
52•5-S4•S
S4•S-56.5
s6.s-58•5
s8.s-6o.s

Total

Å}XIean

Ctu'apace length in mm.

3•S-4•S

 •5l
-

4•S

2S•9

4•S-5•5

I

I•S

3•S

3•S

4•S

4

I

I9

29•9

5•s-6.s

    Ell
11

3o

36.I

6.s-7•5

o.S

3•25

2.75

2

7

3•5

3•S

o2S
o.25

1

24

4I•3

7.S-8.5

o•5

i

2.S

2.25

2.2S

I

o.S

o.S

I

lL5

49.2

8.S-9t5

gIg

I

54•S

9o

Internal ra;'nus

  TABLE
oE abd. app.

33•

IV of infected fL"inale.

kliiand 6.s- 8.s

8.5-Io.5

IO.5-I2.S

I2.5-r4•S
I4.S-l6.5

i6.s-I8.s

I8.5-20.5

'rotal

iNIean

Ctll'EIPtlCe length in 1]]ll].

3•S-4•5

l31-:

4•5

8.I

4•S-5•5

3•25

Io.5

4•25

1

l9

9.8

S•S-b.S

5•25

IS•7S

IO

3I

II.8

6.S-7•S

o,S

6

II.75

4•25

 I.5

24

l3•5

7•S-S•5

-

1

3•2S

5•75

o•5

!

II.5

I5.0

8.S-9•5

g:g

x

I6.5

9I



84 S. i7N•I. SHikNro:-
    This extra appendage, as well as the other appendage, ott the
infected male does not possess the club-lil<e stout internal ramus (iy-

pical of the appendage of the female nor the long and unbranched
hairs which serve for the attachment of eggs in the normal feinale.

    The appendage of the infected male.is in no way difirerent from
the a, ppendic ge of the normal malte at fi, rst si.g'ht. tN. niinute examination,

however, reveals that the appendage of the infected inale has a few
simple unbranched setae on the pro.topodite which are absent from the
protopoC{ite of the appendagre of the normal male (text-fis,s. 2 & 4).

    The appendage of the infected female, on tlie'other hand, shows a
marked difference froni the appenclag'e of the normal female. The
clecrease in the length of the internal ranius is usually consiclerable.

i"•'Ioreover, the setae on that ramus are very dlfferent from the normal
(text-figs. 3 8 s). XVhile the,norn3al feinale has niany, loi}g anct

stifif setae in the di,st.Fd parts of the protopoclite ancl endopoclite of

the appenclag'e in the infected femaie these setae aye very fexv ancl
much shorter. I3esicles, the infectecl female h.rts developecl al.ongr the'

iiGner edge ot' its internal i'amus a fexv pluniose setae which occur iR

                                      •v                                           s 't               'i2ft"ll{•l;k{lrk,,tr/i"•'"itk•s#-.t.z."",il///l'r{ai" "''tw2"Sllll',ll'lii,'lk',t/r/-/t,'/l•itl/;,,:;.

  ,..,,,,..,e.X'Y,,\,,$,,s;-it'ii'S"#i"gii'"i"'""'N'ft? )XX,iiiklifec';tf[ll2":,w

   'xSsrzzdee..z`.xxx",,':th.i.-,..,., 1"t."l'xi."KXXts""

                 <N"' XS p.. Vh;P.. ••.

      7' b
          l;if.r. 4•
xXbdominal appendages oE iiifected
n]ale. a, first appendage; b, second
appendage. 'i'hird appemdage not
figured, being identical wit'h fig. 2,
c. int.:internal i"amus; ea't.:external

l'tlll]US.

      ,, ,.. "i ":-pt:ptt•-iit. tt ii{t.t,l"::..

       •,v•.;t;/i;•{lii••t.ihx'Q'x•tw..'(-s-":eFfls"t"'l/-iill'-'i;//}i-i--i":i"-J`'x',

            I-'ig. S•
tX.l)dominal appendages of infected femttle.
a, first appendage; b, second appenclage;
c, tliird appendage; I?otu'th appendage not
ficr.urad, being identical ivith iig. 2, c. ?:tt..:
irltel'11Lli l'[Ul)llS ; eXt. : eXteMltU 1'tUlltlS,



        Studies on tlte A'iodi)Fication of Sexual Charact'ers, etc. 8s

                         tt
tlie corresponding p' art of the male, but are never Åíound En the normal

female. The internal ramus of the infected female is not elliptical
in transverse section lll<e that of the noripal female, but is fiat and

sabre-like, like that of the male.

    Thus in both male and female the appendag'es oÅí the infected
indiv.iduais are modified so as to apprbach the state of the other sex.

'Jrlae only cliffereRces which may be perceived as differentiating the
sexes are the absence of the stiff slmple setae frotn the internal ramus

of the infected n]ale, aRd that the lenfvth s.of the internal ramus relativg

to that of the external ramus is stili greater in the infectecl fenaale than

in the infectecl inale.

    The struceure of the appendage of the fifth abdominal ses,ment
is icleRtical in both sexes, kcnd not modified by the parasitism.

    From the facts that have been statecl above, it seems to be safe
to conclu(le that the parcasitic castration of EitPa.crit-r2ss samzteli3 brings

about a cl}ans,'e in both sexes causing' one sex to approach the normai

state of the opposite sex: the in.kle is feminized, ancl the feiiiale
niasculiii{izecl.

                Modification in Generative System

         rtr17 JEIffect on tlee Gonopo•re of the Sexes.

    0f 4ss infected individua2s iog were entirely without any g'enital
openihg. 46 indivi(iuals of these were providecl with three appenclages

and the rest with Åíour appeRdages, It is obvious that the indivicluals

                      Lx
           (

        ,Z

       es rX o

            tt 41
      Itt'

          Y
     xJ/
           a
                    F. ig.
Tsvo examples of the transitional
of gonopores. a, li'emale witl}
pore rudimentary. b, iNIale svith
gonopore absent.

 f{  s#T

j

  g

             s
       '       ';'sLm/ >

           b

 6.
  stages to t'he complete closure
ieft gonopore normal, right gono-
 left gonopore rudimentary, right



g6

NTuniber

                 S. A••I. SI-IIINO' :-

                  • TABLE 34•

of indwicluals in tlie transitional stages to tlie coniplete degeneration of sronopoves.

Size of gonopore

ILeft smaller than right

Left==Righe

Lcft larger thttn right'

Left sronopore

rudilllelltat'Y

abseiit

absen t'

rudinientary

norinal

not-tnal

rtidlinentary

])xight goiiopore

nonnal

novnial

rudimentary

rttclinientary

ruclinientary

absent

absent

ivl ttle

:
I3

s

1;ennale

e
5

                                          rrotal                                                    3o

witli three appencla.cr.es are inales; but it c,xn not be reacliiy'gleciclec'l

whether those with four appendag'es are maies or t'enaales.
    Some transitional stages between the nornial inclivi.duals arid those

witl}out gonopores are representecl by certain inclividuals in xvhich only

one oÅí the gonopores is closed, or one or both of tliem are in a ru-
dimentary condition (text-fis,. 6). In Table 34 az`e shown the number
                                                         ttof such indivicluals. '    III'o'r"i's (igo6) remarkecl in connection with .Zi), meli'cztlosus thc}t the

clisappearance of the gonopore occurs first on the left side, but this
is not the case with F", sa7iiuelds.

                  rb'] EE.7edl on tlie Go7va(l.

    By dissection of hermit-crabs, both infectecl ancl uninfected, I
have found that the gonad of the host is nioclified in some xvicy or
other by the parasitisin, without exception.

    The testis and the vas deÅíerens of tlie infectecl naale are g'reatly

reduced in comparison with those of the uni]afected mtxle. I[ll niany
cases, on account of the tg"reater or less reduction in lensrth of the vas

cleferens, the testis is situatecl his,her ln the abcloniinal c.ivi.ty' than in

nornkal indiv{cluals. The ovary and tlae oviduct are also reducecl iii
thicl<ness and length. The effect oE the par"asitisni on the ovary is inost

cleariy perceivecl cluring the breeding' season xvlien the infectecl feniale

contai.ns, in place oÅí the largre ovar.y sttiffed "Titl} cleeply pigniented

eggs, only a snaall x•vljitislzL ancl shri.inl<en ov,airy.

    Ii'oTTs (igo6) hcas reportecl that in the inale of Ll..l. •meliL'et•losits

parasitized by /)ello.o'asl'er cznr"dtztus ova appeer i'n the testis xvhile tl}e

g
I



       Studies on the Modzfication of Sexual Characters, etc. 67

parasite is still present. In order to ascertain whether this is the case

with E. samuelils or not, more than a hundred gonads of infected
individuals of both sexes, as well as about the same number of gonads
of normal'individuals, were cut into serial sections and examined. All

the gonads of the infected individuals, whether testes or ovaries, showed

marked reduction of sexual cells, but in none of the testes was any
trace of the formation of ova perceived.
    Before commencing the description of the abnormal gonads it will
be well to give a brief account of the structure of the normal gonad

of E. samuelils.

    The testis proper (text-fig. 7, A, l) is a narrow lobulated tubule,

                                         .           A

  .c -i'4' •i':/ti•s.r

•s, ';  '+: '' 

:-

 .:'

s
'l

r

,.t-. ],i•;

  A, Iv•Iale generativc
  gcnerative gland.
  vas deferens;
  of vas deferens;
  oviduct; t., testis
  deferens.

togonia, but with
phases of maturation
tubule the spermatocytes
(sPt). They

 B

------
o,d,

    ----- v. d.

               ------o.

 ='?lt ---h-t-

    -.-"sp• S

               ,tii'
-;'": ----- d.c. L-.

    Fi.v. 7•

    ' gland. B, Female
     tl. c., dorsal coil of
  bcr• 20,, glandult-tr portion
       o., ovary; o. d.,
    ' proper; v. d. vas

       relatively lar.cre

          divisions.

              are
  have small and

("

1

$-

l

     nuclei

    In
replaced

concentrated

which is so thickly convoluted
as to appear as a solid mass,
The sexual elements arise from
the epithelial lining of this tubule

(text-fig. 8). In serial sections

of a testis various stages of the

development of sexual cells may

be found spermatogonia, sper-
matocytes, sperniatids and sper-
matosomes, as well as many in-
termedr'ate stages of these.

    The spermatogonia (text-
figs, 8 & g, sP.a) are larger than

any other cells of more advanced

stag'es; the nuclei stain some-
what more faintiy than those of
the spermatocytes, and the cyto-
plasm contains many small grca-
nules which have been consider'
ed by GRoBBEN to be protein
bodies. The spermatog,onia al-
ways are found at the periphery
of the testicular tubule. The
spermatocytes (sPc) are some-
what smaller than the sperma-
   which are seen iTi various
the distal part of the testicular

 by smaller cells, the spermatids

    nuclei and very little cyto-



ss

pla$m. Various stas,es
of development from the
spermatid to the sperma-
tosome are easily recogni'
zed. However, the niinute
structure of the spermato-
someJas well as the sper-
matogenesis and spermio-
genesis has not been stu-
died,.as these are hardly
necessarv for the aim of
the present work.
   .fX.nother element which

is contained in the tes-
ticular tubule is the nutri-
tive r:cell -"Ersatzl<eim''

of GRoBBEN-(nlc), which
is known`to arise also from

the :`germinal epithelium.
The nutritive cells are scat-

tered about arnong sexual
cells, adjoining cells fusing

together to form a nutritive

uniformly and deeply, and
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   The vas deferens is a much convoluted
connected with the testis is

coil of vas deferens. This portion is lined with cubic epithelial cen

figs. 7, 8 & g, d. c.), and in its

the sperniatophore is probably
portion (text-figs• 7 & 9, b"• P•,

portion which consists of tall

c.). These cells secrete a chitinous substance which forms the sperma-
tophores (sPPIi). This portion describes a larg.e coll ancl the inner cavity

is mushroom-shaped in the transverse section, The secretory activity is

apparently most vigorous in the cells found in the portion which forms

the cap of the mushroom. Next comes the vas deferens proper
(text-figs, 7 & io, b), a thin-wallecl tube lined with low epithelial cells (e.

c.) and circumscribed with circular ancl longitudinal Jnuscles (c. m., d. I.).

The portion of the duct close to the external opening is provided with

strong musculature and may be called ductus ejaculatorius.

                  Fig. 8.
   Section of testis of normal male. c. I., connective
   tissue sheath; al. c., dorsal coil of vas deferens;
   ntc., nuclei of nutritive cells; s2bc., resting sper-
   matocyte; sP.cr., spermatogonium; sPt., spermatid
   transforming illto spermatosome; t. P., tunica Propria.

  syncytium; the nuclei stain comparatively

have an irregular contour.

             tube. The portion which is
coiled very tightly and is carled the dorsal

                                 s (text-
  lumen the initial step of the formation of

   carried on. Next comes the, glandular
    text-fig. io, a), a smooth thick-walled
 glandular epithelial cells (text-fig. io, a, bcr•
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     The testis is enclosecl by a thin
inembrane, the tunica propria (l. P.)

derived from connective tissue which
also envelopes the testis and its duct.

    The ovaries in the breeding
se.mson occupy a large part of the
abdominal cavity, both the riL.crht and

left ovaries extending thrQughout the

length of the cavity. They are a
pair of sausage-shaped ba.cr- s of a deep

black colour, with the surface pre-

sentinsr a s,ranulatecl appearance
owing to the cleveloping ova. In
other seasons they shrink to very
thin ' and inconspicuous tubes (text-
fisr. 7, B) difficult to make out, which

continue to the oviducts (o. d.)
without any demarcation. Tlie Qvi-
ducts show no convolution whatever.

              a

               as es mpgig

                             Fig.
          Cross section of vas deferens;
          cleferens near ductus ejtxculaLorius.
          c. m. circular muscle layers ; e. I.,
          c. epithelial cell ]aycr; beLc•,, b
          l. tn., longitudinal
          sDelnlatosome.           `
    Thc internal structure of

found in other decapods. i
tube there is a proliferating zone of
fig. ii, ltrm) "rhich extends

I-'rom this narrow band of epithelial

semble the spermatogonia in

of Sexual Characters, etc, 8g

              va ee

              ::••.A.
              .ggaj/ •

          K• @" ---- SPs,

          Fig. 9•
Section of normal testis and duct.
c. t., connective tissue sheath; d. c,
dorsal coil of vas deferens; bo'. 25.,
glandular portion of vas deferens;
SP.or., spermatogonium ; sLlbe., sperma-
tosolne.

c•t. --....

cm.-.."--

Lm------
e,c----:"'

b

                                 IO.
                                  a, glandular portion; b, vas

                                   connective tissue sheath; e.
                              (T]andular cel] of epithelial laycr;
                        muscle layer; sPPh., spern]atophore; sPz,,

                           the ovary shows little difference from tliat

                        ptt one point of the periphery of the ovarian
                                   eg'g-cells -'`Keinibahn" (text-
                          tl]roughout the entire lengtli of the ovary.

                                  cells youn.cr egf.)'-cells which re-

                           appearance are budded off. The larger
elg'gs occupy the more centrcxl position of the cavity. They are crowded
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                                      so close together that they
                                      come to assume a polygonal
                                      shape through mutual pres'
                                      sure. Such eggs enclose each
                                      a large germinal vesicle(g. T.),

                                      the ground substance of which
                                      stains faintly with dyes. A
                                      conspicuous nucleolus is found
                                      in the middle of the network
                                      of chromatin substance.
                                          The element correspond-
                                      ing to the nutritive cell of the
                                      testis is the follicle cell (f e-.)

                                      which supplies yolk substance
                                      to the ovum. It is amoeboid
                                      in form and the cytoplasm of

              Fig• u• adjoining cells fuses with it
  Section of y,ounger normal ovary.                                      into a ldnd of syncytiutn; old-
  c. o., cytoplasm of ovum; e. t., connective
  tlssue sheath;f.c. nucleus of follicle cell; er ova are surrounded by a
 1. e., follicle epitheliun] of ovum ; .cr. v., ger-
                                     thin membrane derived from  minal vesicle of ovum ; .2{rb., " Keimbahn ";

  t.p., tunica propna• follicle cells (f c•)•
    The ovary is enclosed by tlie tunica propria (l.P.), and a thin
layer of connective tissue (c. t.). The oviduct is a.lso enclosed by the

connectiue tissue which is traversed by muscle fibres.
    T.he effect of the parasite on the male and female gonads of the
host is briefiy as follows :

    The gonad of either sex undergoes degeneration to a greater or
$maller extent through the influence of the parasitism.

    The size of the testis of the infected male is commonlv much
smaller than that of the normal male which has the same carapace
length. In, the testis where the effect of the parasitisni is relatively

profound, the vas deferens is greatly reduced in thickness and leng'th;

the coil of the glandular portion is diminished more or less. In some
cases, owing to the great reduction of the testis, it is difficult to
clistinguish externally the testis proper from the vas deferens, which

is found in the form of a simple thin straight duct. Finally,,there
are some individuals where even the vas deferens has disappeared
entirely so that no trace of reproductive organs remains.
   'The ovary' of the infected female is also reduced greatly. It is

much thinner and shorter than the normal. The posterior end is found
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someNvhere near the middle of the abdoininal cavity or slightly ante-
aiorly, xvhile in the normal female it reaches the posterior end of the

abdominal cavity. In the more profoundly affected female, the ovary
is found in the shape of a small vessel very harcl to make out. Finally

in the extreme cases, the ovaries may be entirely absent.
    In most of the cases where the gonopores are closed, the testes
and ovaries with their ducts are altogether absent, thou..o'h in rare cases

they may be found in a highly de.crenerated condition. In those c.ases

where one of the g"onopores is closed, the gonacl is much reclucecl or
entirely absent on the sicle where the g'onopore is closed, xvhile on the
        .,(./////ii/F//iiii'i'ililrLi•,l.fi.. IOei12'se?:o:/,/ee'lc'k.gdVes'Cipill'Sor,i/.'i'kO',/1,,1,.lllj.11,/1'ft,i"{

<,erpmse/OesO,,,$"

             b  Section of testis of infected male, those cells as in the normal tubule.
  showing the degeneration of sp.enn                               In such a tubule, the sperm cells may
  cells. Abbrevi.`ttions as fig. 8. d. s.

                               continue to clevelop int'o mature  degenerating spevm cell; sP.s. sur-
  viyed sperm cell.
                               spermatosomes, and in some cases
even the spermatophores were actua!ly found to be in course of for-

matlon.
    In the testis where the effect is more profound, the testicular
tubule is much thinner ancl shorter, and its convolution is looser than
in the normal testis. The internal cavity (text-fi.cr, i2) contains incom-

parably fewer sperm cells than the normal, evidently on account of
the de.creneration of the sexual cells. There occur niany Spenn cells

which are evidently in course of deg"eneration, The cells which have
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surviv•ed the effect of the parasitism lie sca.ttered about in the cavity

enclosed in the syncytial mass of nutritive cells Nvhich are apparently

quite immune to the effect. There are also some testes -Nvhere the
tubules are almost destitute of sexual cells ancl surrounded by an
abnormally thick coat of connective tissue (text-fig. i3).

                                          rt                    ,,gig'$tk,ll/i,,,,ill'lllit\ed/ii

              k,fli"li:'i"ttS,/gig. /i;or

                             Fi.o. r3.
    rvIore advancecl stag.e of deq, eneration of infecLed

    In the case xvhere the testis proper '

from the vas deferens, the section shoxvs

is occupied by an apparently youn.o.-
cells are bein.o' budded off into the

gonad the vas deferens is very thin
inconspicuous, and the cross seetion of
that the inner cavitv has an elliptic.al

g.hape of the nornial duct. The caliber
snialler than normal and the number of
the duct has decreacsed.
    The ovarsr of the infected female is

clegeneration of sexual cells is veey
affected ovary (text-fig,. i4) ova providecl

are veqr few; rnost of thetn being
          .normal female colleeted in the same
of plasm, but [}lso the size of the .

V' '--"--"e x

    -h,.n722Aeilsi;x)x

T• '"' Lxj':'t,`: t

      testls. Abl)reviations as buCore,

     is cxternally indistin/guishable

       that the posterior extremity
   germinal layer xvhence sex- ual
  lunien of the tube. Tn such a
   and short and its convolution is

      the g'la, ndular portion shows

   shape instead of the mushroom-
      of the vas deferens is niuc,h

     the epithelial cells xvhich line

     also g..reatly reduced, ancl the

    apparctnt. Even in a slig.htly

       with much yoll< stibstance
  much smaller tlian those in the
   secugon. Not o.nly the quantity

o' erminal vesicle, is smaller, Even



"•c---

1)>1111711Il13-iiiiiiiiiiiiiiiiiiiiii,iii•Iiiiiiilii•i.llllllillllllii.iiiiiiilliill•iliii.liiii'Iiiliiilliiiiilliiliiiiiiiiiiilllj'ii

      Cross section of ovary of infected
      d..cr. decompo$in.cr g..erminal ves{cle
      Other abbreviations as before.

    In more serious ccases
no larger ovuni, and there
like spernn, to.cronia in

of the ovari,an tube. The
by the follicle syncytium

formed by the degeneration of
has developed a thick coat of

only a few small younger ova '
    Thus the effect of the
different in the testis and the

females ova cannot develop '
degenerate in the course of

lack of nourishment. In the
sperm cells may develop itito
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the ova with a lftrger germinal vesicle are manifestly in course of
degeneration. It seems that when the ovum develops to a cert.ain
limited extent the de.crenerating process alxvays sets in. This is probably

due to the insufficiency of the nutritive material providecl for further

development of the ova; thus no eg.cr could attain maturity. In fact,
I have never seen a female bearing "Pelto.aas!ef' spawn in the breeclinL.o'

season. •
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          showina the de..creneration
     of dettenerating ovam.

of aflFection (text-fi is), the

          younger and.
         the proliferatino'

          of the ovarian

        hollow cavities
           more profounclly
   connective tissue around
          lunien.
            on the goiiad
            In all the
      mature and fertile
 development, evidently
            the other
   spermatosomes thouo'l
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         of ovn.
 o. s sul•vivL=d oyulll.

      ovarv cnntains
  snialler cells, niuch

  . bancl of the wal1

   cavit-v is occupicd

   which have been
      affectecl ovarv

      it, and retains

      of the host is
  ovaries of infectecl

   eg-gs. They all
  on account of the
  hand, some of the
 ,. i tl}ere are some
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                                                Fig. IS.a,re iinuch few• er innumber even ln the Move advanced stacre of'dege-
                                                      tsLgonad where the de.o..-eneration of sexual neration of infected osravy. (lon-
CellS is seelning'ly only slight, and that /ilgttlC,//iie,i,le.iection) Abbreviations

the gnyonoduct is short and thin. The
other effect of the parasitism on the gonad consists in the de.o'ene•ra•-
tion of sexual cells, which may result in the complete recluction of

the g'onad.
    These twofold effects which seemingly difl'er from each other may
be due to a conimon cause-that the parasite draws nourishment from
the host whicli is necessary for the normal development of sexual cells.

    The number of the affectecl gonads which I have examinecl is
very considerable, nevertheless I ha,ve never met with any ovuin or
ovumlike cell in tho testis of the infected male nor any sperm cell in
the ovary of infected female. N'o c.ase lil<e that described by PoTTs
(igo6) in E. metlcitlosus, in which egg-cells appear in the testis of
the infected male, while bearing .Ii?ello.o'asler, occurs in E. sa•mztclile so

far as my observation goes.

                            Summary

    The eflFects of Prllo..crtrslcr s?S, on its host Eit?6a•,,o'it7'7ts sam7t"lls

may be summarized as follo"'s:-
     i) The ratio of the len.crth of the internal r,amus of an abdorninal
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appendage to that of the externa! ramus oÅí the' same appenclag'e is

g'reater in the normacl Åíemaie than in tke normal male except in the
case of the appenda.cre of the fifth seg'nie•nt, xvhere the ratio is equal

in both sexes. The effect of the parasite on the abdominal appendage
is to bring about an increase in this ratio in the male, and a decrease
in the fe!nale.

    2) The iiicrease of the ratio in the first appendage of the male

is clue to the retarclation of the clev•elopinent of the external ramiis,

xvhile in the second appenclag'e it is due to the accaleration of the
clcv-e.lopnient of the internal ranius. 1n the feinalo this is principally

dHe to the retardation of the developnient of the internal ranius in ail

the appenclafg"es except the fottrth.

    3) The appenclag'e of thc fifth se.c.)`ment of botli sexes is absolut'ely

unmodifiecl. '    4) Tiie pa{'asite also brkigs ,about La chanfre in the strticture of

the abdominal appenclaE.re: masculii'iization of the female an(I femini-

zation of the male.

    s) Another effect of the p.ar,rtsite on the axte.rnal, character is to

cause the clovelopment of an extra appenda.oge on tlie second abdominal
se.o'nient of the inale in sonie cases.

    6) I.n niany cases of infected indivicluals of both sexes the ..e-ono-

pores aro closed.
    7) The eflfect of the parasite on tlie gonacl of the host is always
to' brin.g about the .o-reater or less reductioR of the g.onact in bcth sexcs

or even complete cle.o..'eneration ot', it.

    S) The effect of the. parcasite on the gonad of the host is diffe-

rcnt in the testis and t'he ovary. In the testis the degeneration ma}r
be. coinplete, but may also be incomplete ancl spermatosoines are. form-

ecl. .7X'onc of the ovaries, hoxvever, can p;roduce mature ova.

    g) In the cleg'eneration of the ..o'onad two processes tal<e part:

the retarclation of the clevelopinent of the goBad, and tlae cleg"eneration

oÅí the sexual cells.

    io) In no case hacl an inclividual a herinaphroclitic .o.'land, "rhile

the parasite was still present.
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                       Explanation of Diagrams.
                                                               '
     Dia..rrrams z-7•: A series of frequency cutves composed from tables I-4. In the
horizontal line are taken the classes of the ratio of tsvo rtnni. <See text> The lic•ight of knot

of curve exhibits the ntunl}er of individtials represented by the percentage of the total

nttmber which is used for making each table. The complete line refers #e the llorinal
individual, brolcen line refers to the infected individual.

     Diagrams 8-i4: A• se}'ies of diagrams composed from tables 6-33. [ he diag.rams
nre constr'Rcted by drasying the Iine through tlie avet'age conclition of ranius len.crth (vertical

nxis) t}ssociated svit'1i carapace length (horizontal axis). 11ie conipletc line refers to the

norinal individual ancl brol<on line refers to the infected individnai. ext.-externai rainus;'

1>tt.-interllal 11UllUS.
                                                                     '
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  Diagram 5
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