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Zusammen[assung. Mittels  des Meideverha l tens  wurde  
die H6rkurve  e ins6mmriger  Ka rp fen  be s t immt .  Als obere 
H6rgrenze  wurden  3000 Hz (26 dB) und  als <~untere~ 
75 Hz erhal ten.  Zwischen 900 Hz (-25 dB) und  400 Hz 

(-22 dB) lag das Pe rzep t i onsop t imum.  Bei 250 Hz war  
eine auff/illige Empf ind l i chke i t sve r r inge rung  zu beob-  
achten .  

D. KOHLER 19 

19 I wish to thank Mr. R. SPANGENBERG tor supplying the fish and 
Mrs. GEISSLER who corrected the English manuscript. 

Humboldt-Universitiit Berlin, Sektion Biologie, 
Invalidenstrasse 43, DDR-104 Berlin (DDR), 
77 March 7972. 

M e t a m o r p h i c  C h a n g e s  in the  In tracerebra l  N e u r o s e c r e t o r y  P a t h w a y s  in the  L e m o n - B u t t e r f l y ,  Papilio 
demoleus L. (Lep idoptera )  

Several  au thors  have  descr ibed the  neurosecre to ry  
cells (NSC) and the i r  p a t h w a y s  in Lep idop te r a  I-8. Bu t  
t h e y  have  no t  r epo r t ed  any  difference in the i r  arrange-  
m e n t  in the  pupa l  and  adul t  brains .  Dur ing  our invest i -  
ga t ions  on the  pos t embryon i c  changes  in the  neuro- 
secre tory  sys t em of Papilio demoleus, we found a consid-  
erable topograph ic  va r ia t ion  in the  NSC and  the i r  
in t racerebra l  p a t h w a y s  in the  pupa l  and  adul t  brains.  
This has  been  m a d e  possible  by  the  use of the  recent ly  
developed in si tu s ta in ing  t echn ique  of DOGRA and TAN- 
DAN 9. This  t echn ique  makes  i t  possible  to  observe the  
comple te  neurosecre to ry  p a t h w a y  even wi th in  a single 
p repara t ion .  Three  groups of NSC s ta in  in the  pupa l  
b ra in  of th is  insect :  a med i an  group, a la teral  group and  
an an te r ior  group. The med ian  group of NSC is located  in 
the  med ian  region of t h e p a r s  in tercerebra l i s  close to  the  
in te rcerebra l  midl ine,  the  la teral  group, on the  mid-dorsa l  
region of the  p ro toce reb rum and the  an te r ior  group, on 
the  an te r ior  marg in  of the  pars  in tercerebral is  (Figure 1). 
In  o the r  l ep idopte rous  insects  th is  last  men t ioned  group 
is r epo r t ed  on the  pos ter ior  marg in  of t h e  bra in  and has  
been  considered charac te r i s t ic  for the  order  Lepidop-  
t e ra  19-~3. The med ian  NSC give rise to 2 sets of axons :  
those  t h a t  run  ou twards  cons t i tu t ing  the  la teral  neuro-  
secre tory  p a t h w a y  (LNSP) and those  t h a t  run  inwards  
and  forwards  cons t i tu t ing  the  med ian  neurosecre to ry  
p a t h w a y  (MNSP) (Figure 1). The dis ta l  po r t ion  of the  
L N S P  is no t  s ta inable ,  poss ib ly  because i t  takes  a deeper  
course inside the  bra in  and is no t  avai lable  to  the  s ta in  
in bu lk-prepara t ions .  On the  o the r  hand,  the  MNSP,  
being superficial,  i s  fully s ta inable  and  could be t raced  
f rom its origin to  emergence  f rom the  brain.  In  addi t ion  

to the  axons  of the  med ian  NSC, the  M N S P  is also jo ined 
by  the  axons  of the  la teral  NSC (Figure 1, ex t reme  left, 
b roken  arrow), a fea ture  no t  c o m m o n  in o the r  insects  and  
also whose  impl ica t ion  is no t  immed ia t e ly  clear. A th ick  
band  of axons,  t hus  formed,  runs  inwards  and forwards  
on the  pars  in tercerebra l i s  and  decussa tes  wi th  its 
coun t e rpa r t  f rom the  o ther  side to form the  chiasma.  
Thereaf ter ,  the  f ibres cross in to  opposi te  hemispheres  and 
run in close p r o x i m i t y  up to  the  anter ior  NSC. At  the  
level of the  an te r ior  NSC, t h e y  make  a bend  (Figure 2, 
solid arrows) and possibly,  accompan ied  by  the  axons  of 
these  cells, run  backwards  t r avers ing  the  ent i re  l eng th  of 
the  p ro toce reb rum before emerg ing  f rom the  bra in  as the  
nervi  corporis  cardiaci  I (NCC I) (Figure 2, b roken  arrow). 
The por t ion  of the  M N S P  be tween  the  med ian  and  ante-  
r ior NSC is reckoned as the  ascending  l imb (Figure 1) and  

1 B. HANSTR6M, K. svenska V.etensk-Acad. Handi. 78, 1 (1940). 
2 B. HANSTR6M, Biologia gen. 15, 485 (1942). 
3 C. M. WILLIAMS, Biol. Bull. 90, 234 (1946). 
4 L. ARVV, J. J. BOUSHIOL and M. GABE, C.r. Acad. Sci, Paris 236, 

627 (1953). 
J. J. BOUNmOL, M. GABE and L. ARVY, Bull. biol. 87, 323 (1953). 

G M. KOBAVASHI, BulI. serie. Exp. Stn Japan 75, 181 (1957). 
J. NISHIITSUTSUJI-Uwo, Nature, Lond. 788, 953 (1960). 

s j. NISHIITSlJTSUJI-Uwo, Z. Zellforseh. 54, 613 (1961). 
'~ G. S. DOGRA and B. K. TANDAN, Q. J1 mierose. Sei. 705, 455 (1964). 

10 j .  MITSUnASHI and M. FUKAYA, Jap. J. appl. Ent. Zooi. d, 127 
(1960). 

11 D. G. R. MnLEoD and S. D. BECK, Ann. ent. Soe. Am. 56, 723 
(1963). 

1~ j.  MITSUHASHI, Bull. natn. Inst. agric. Sci. Jap. 76, 67 (1963). 
~a W. S. HERMAN and L. I. GILBERT, Nature, Lond. 205, 926 (1965). 

Fig. 1. Bulk-stained preparation of the pupal 
brain showing 3 groups of NSC and their axons. 
Solid arrows indicate outwardly directed axons 
of the LNSP and the broken arrows, inwardly 
running fibres of the MNSP (median NSC, con- 
tributing to MNSP in the left hemisphere, are 
unstained), ANSC, LNSC, MNSC, anterior, 
lateral and median groups of NSC, respectively. 
AF, • 180. 

Fig. 2. Bulk-stained preparation of the pupal 
brain showing descending limbs of the MNSP 
in the 2 hemispheres (ascending limbs being 
more superficial are out of focus). Solid arrows 
point to the bend in the pathway and broken 
arrow to the emergence of NCC I. AF, • 400. 

Fig. 3. Bulk-stained preparation of the adult 
brain showing the formation of the chiasma by 
the descending limb of the MNSP (whose post- 
ehiasmatic portion unstained). AF, • 150. 
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t h a t  b e t w e e n  t he  an t e r i o r  NSC and  t he  place  of emergence  
of t he  NCC I, as t h e  descend ing  l imb  of t he  M N S P  (Fig- 
ure  2). I n  t h e  adu l t ,  however ,  t he  cond i t ion  is g rea t ly  
changed .  F i rs t ly ,  t h e  axons  of even  t h e  M N S P  are no t  as 
r ead i ly  a n d  ful ly  s t a i n a b l e  in  t he  a d u l t  as t h e y  are in  t he  
p u p a  a n d  secondly,  t he  a d u l t  M N S P  is no t  d i s t ingu i shab le  
in to  i t s  a scend ing  a n d  descend ing  l imbs.  Ins t ead ,  i t s  
f ibres  r u n  i nwards  and  b a c k w a r d s  (not  forwards)  to  
c o n s t i t u t e  on ly  one (descending) l i m b  wh ich  a f t e r  fo rming  
t he  c h i a s m a  emerges  d i rec t ly  as t h e  NCC I (Figure  3). 
Cons i s ten t  w i t h  t h e  d e m a n d s  of a m e t a m o r p h i c  stage,  t h e  
p u p a l  b r a i n  syn thes izes  a n d  t r a n s p o r t s  t h r o u g h  i ts  
i n t r a c e r e b r a l  (neurosecre tory)  axons  larger  a m o u n t s  of 
t he  neu rosec re to ry  m a t e r i a l  (NSM). Th i s  is re f lec ted  in 
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Fig. 4. Hypothetical diagrams depicting the possibIe steps in the 
change from the pupal (diagrams 1-3) to adult (diagrams 4-5) con- 
dition of the axonal pattern under a supposed anteriorly directed 
squeeze (arrow). 

t he  m a x i m u m  i n t e n s i t y  t h a t  t he  p u p a l  NSC show in the  
a ldehyde - fuchs in  (AF) s tain.  Since, N S M  is t he  ac tua l  
s t a i n a b l e  c o m p o n e n t  of t h e  axons ,  t h e r e  is g rea te r  
poss ib i l i ty  of t h e  l a t t e r ' s  s t a in ing  in t h i s  s tage  t h a n  in t he  
a d u l t  where  t h e  syn thes i s  and  t r a n s p o r t  of t he  m a t e r i a l  
are r e l a t ive ly  less. This,  therefore ,  m a y  accoun t  for t he  
f i rs t  difference.  The  cause  of t he  second di f ference m a y  
lie in  t h e  changes  t h a t  t a k e  place  du r ing  m e t a m o r p h o s i s  
in  t h e  a n a t o m y  of t h e  b r a i n  itself. I t  is seen t h a t  t he  
p u p a l  b r a i n  is dorsa l ly  m u c h  f l a t t e r  c o m p a r e d  to  t h e  
a d u l t  bra in .  This  increase  in t he  su r face -convex i ty  of t h e  
a d u l t  b r a i n  - obv ious ly  t he  resu l t  of an  increase  in the  size 
a n d  c o m p l e x i t y  of t he  b r a i n  14 _ seeming ly  b r ings  in to  p l a y  
a n  a n t e r i o r l y  d i rec ted  squeeze on  t h e  d o r s u m  of t he  b r a i n  
u n d e r  wh ich  the  superf ic ia l ly  loca ted  NSC m o v e  forwards  
a n d  in so do ing  d ispense  w i t h  t he  a scend ing  l imb  of t he  
M N S P .  Th i s  h y p o t h e s i s  is s u p p o r t e d  b y  t he  fac t  t h a t  
b o t h  m e d i a n  a n d  l a t e ra l  g roups  of NSC in t he  a d u l t  b r a i n  
are indeed  v e r y  m u c h  a n t e r i o r l y  d isp laced  (compare  
F igures  1 a n d  3). Such  a change  f rom t h e  p u p a l  to  a d u l t  
cond i t ion  could also be  r e c o n s t r u c t e d  on  a n  a x o n a l  mode l  
p r e p a r e d  ou t  of t h r e a d  pieces. D i a g r a m s  of F igure  4, 
dep i c t i ng  t h e  s teps  poss ib ly  i n v o l v e d  in t h i s  t r ans fo r -  
ma t i on ,  are  based  on  such  a modellS.  

Zusammen/assung. U n t e r s u c h n n g e n  a m  Geh i rn  yon  
P u p p e n  u n d  Imag ines  des Schme t t e r l i ngs  Papilio demo- 
leus zeigen, dass  die Axone  der  neu rosek re to r i s chen  Zellen 
der  Pa r s  in t e rce rebra l i s  in  den  P u p p e n  vo re r s t  n a c h  i n n e n  
vorw~r ts ,  d a n n  n a c h  r t ickw~rts  laufen,  in  I m a g i n e s  abe r  
d i r ek t  n a e h  i n n e n  riiekw~Lrts ziehen.  Die n o t w e n d i g e n  
on togene t i s chen  LageAnderungen  de r  N S Z  u n d  ih re r  
A x o n e  werden  a n  e inem Model l  demons t r i e r t .  
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P r o t e c t i o n  of a H e r m i t  Crab by its  S y m b i o t i c  Sea  A n e m o n e  CaIliactis tricolor 

For  over  a cen tu ry ,  t he  symbios i s  be t w een  h e r m i t  c rabs  
a n d  sea a n e m o n e s  ha s  been  s tud ied  b y  var ious  workers ,  
t h e  resul t s  of wh ich  h a v e  r ecen t ly  been  rev iewed 1. I n  these  
pa r tne r sh ips ,  one or more  anemones ,  usua l ly  of t he  same 
species, a t t a c h  b y  t h e i r  peda l  disc to  a ga s t ropod  shel l  in- 
h a b i t e d  b y  a h e r m i t  crab.  T he  sea a n e m o n e  has  been  sug- 
ges ted  to  p r o t e c t  t he  h e r m i t  c rab  f rom p r e d a t o r s  3-4, b u t  
v i r t u a l l y  no  e x p e r i m e n t a l  work  ha s  been  c o n d u c t e d  to  t e s t  
t h i s  hypo thes i s ,  w i t h  t h e  excep t ion  of R o s s '  r ecen t  s t u d y  4. 

The  pu rpose  of t h e  p re sen t  s t u d y  is to  p r e s en t  experi-  
m e n t a l  ev idence  t h a t  t he  p resence  of a sea a n e m o n e  on  i ts  
shell  does a p p e a r  to  p r o t e c t  a h e r m i t  c rab  f rom one of i t s  
n a t u r a l  p reda to r s .  

Materials and methods. Pagurus pollicaris SAY, wh ich  
bea r s  t he  sea a n e m o n e  Calliactis tricolor (LESEUR) on  i ts  
shell, is found  in t h e  sha l low inshore  wa te r s  of t he  W e s t e r n  
A t l a n t i c  a n d  t h e  Gulf  of Mexico. Occur r ing  w i t h  th i s  her-  
m i t  c rab  is i t s  r e m a r k a b l e  p reda to r ,  t h e  o x y s t o m a t i d  crab,  
Calappa /lammea (HERBST). One chel iped  of Calappa 
(usual ly  t h e  r i g h t  one) is modi f ied  for sn ipp ing  open  gast ro-  
pod  shells  a n d  in th i s  fash ion  t he  c rab  is able  to  v e r y  

ef fec t ively  r e m o v e  and  ea t  h e r m i t  crabs ,  as well  as gas t ro-  
pods  5. 

N u m e r o u s  p r e l i m i n a r y  obse rva t i ons  in  our  l a b o r a t o r y  
sugges ted  t h a t  Calappa was u n a b l e  to  p r ey  successful ly on 
those  h e r m i t  c rabs  ca r ry ing  anemones ,  while  those  wi th-  
ou t  a n e m o n e s  a p p e a r e d  to be  read i ly  eaten,  t h u s  t he  
r eason  for t he  p r e sen t  s tudy .  

I t  was  necessa ry  to s t a n d a r d i z e  as closely as PoSsible t h e  
' h u n g e r  levels '  of t h e  Various Calappa used. E a c h  Calappa 
was m a i n t a i n e d  in a 20 gal lon rec i rcu la t ing  w a t e r  a q u a r i u m  
a n d  was fed to s a t i a t i on  w i t h  f rozen squ id  once  pe r  d a y  for  
5 days  (average of 4.94 g of squid  pe r  c rab  pe r  day) a n d  
t h e n  s t a r v e d  for t h e  24 h p receed ing  a n  e x p e r i m e n t a l  
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