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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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BARNES; George Allen and Unwin Ltd., London 1967), vol. 5, 
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Fig. 1. Calappa ]lammea manipulating gastropod shell containing a Fig. 2. Dactyl tooth of cheliped of Calappa fla~nmea inserted into 
Pagurus pollicaris hermit crab. aperture of shell during shell opening. 

series. P r ev ious  e x p e r i m e n t s  h a d  s h o w n  t h a t  t h i s  pe r iod  of 
s t a r v a t i o n  was suff ic ient  to  p roduce  a ' h u n g r y '  c rab  wi th-  
o u t  u n d u e  stress.  

Two h e r m i t  c rabs  of a p p r o x i m a t e l y  equa l  size, one w i t h  
a n  a n e m o n e  on  i ts  shell  a n d  one wi thou t ,  were  p r e sen t ed  
s ingly  to  each  Calc~ppa d u r i n g  consecu t ive  45 m i n  t r ia ls .  
Pagurus pollic~ris h e r m i t  c rabs  i n h a b i t i n g  on ly  Polinices 
duplicatus (SAY) shells  were used in o rder  to  con t ro l  for 
shel l  th ickness ,  size a n d  shape  a n d  because  of t h e i r  com- 
m o n  occur rence  t o g e t h e r  in  t h e  field. 

Results. A s t r ik ing  dif ference was obse rved  b e t w e e n  t h e  
b e h a v i o r  of a Calappa a t t e m p t i n g  to feed on  a h e r m i t  c rab  
w i t h  a n d  w i t h o u t  a n  anemone .  I n  t he  absence  of a n  ane-  
mone,  t h e  Calappce used i ts  chel ipeds  a n d  t h e  t ips  of i t s  
wa lk ing  legs to  p ick  up  a n d  m a n i p u l a t e  t he  shell  con ta in -  
ing t h e  h e r m i t  c r ab  (Figure  1). The  d a c t y l  t o o t h  of t h e  
che l iped  was t h e n  inse r t ed  in t h e  a p e r t u r e  of t he  shel l  a n d  
open ing  was i n i t i a t e d  (Figure  2). The  open ing  occur red  
due  to  a c o m b i n a t i o n  of shea r ing  and  c rush ing  pressure  
b r o u g h t  to  bea r  on  t h e  shel l  b y  t h e  closure of t h e  d a c t y l  
t o o t h  aga in s t  two  sho r t e r  a n d  more  mass ive  p r o t u b e r a n c e s  
on  t h e  p r o p o d u s  of t h e  same  chel iped.  

I f  t h e  a n e m o n e  was p r e s e n t  on  t h e  shell, t h e  p r e l i m i n a r y  
m a n i p u l a t i o n  b y  Calappa, or t h e  a c t u a l  o p en i n g  itself, 
caused  t h e  a n e m o n e  to  c o n t r a c t  a n d  e x t r u d e  i t s  n e m a t o -  
cys t - l aden  acont ia .  U p o n  c o n t a c t  of t h e  t h r ead - l i ke  acon-  
t i a  w i t h  i t s  sens i t ive  wa lk ing  dac ty l s  or m o u t h p a r t s ,  t h e  
Calappa i m m e d i a t e l y  d ro p p ed  t h e  h e r m i t  c rab  a n d  in  some 
ins tances ,  wiped i ts  chel ipeds  a n d  wa lk ing  legs aga ins t  i t s  
m o u t h p a r t s .  A l t h o u g h  a Calappa f r e q u e n t l y  m a d e  repea t -  
ed a t t e m p t s  to  r e m o v e  such  a h e r m i t  c rab  f rom i ts  shell, 
c o n t a c t  w i t h  t h e  sea  a n e m o n e  a lways  r e su l t ed  in t h e  her-  
m i t  c rab  be ing  qu ick ly  released.  

F r a g m e n t s  of a co n t i a  w h i c h  h a p p e n e d  to  b r e a k  off a n d  
a d h e r e  to  t h e  m o u t h p a r t s  of t h e  Calappa d u r i n g  shell-  
open ing  f r e q u e n t l y  el ic i ted a s u d d e n  d r o p p i n g  of t h e  her-  
m i t  c rab  a n d  a r ap id  ex tens ion  of b o t h  chel ipeds  a w a y  
f rom t h e  b o d y  in  w h a t  m i g h t  be  descr ibed  as a p u s h i n g  or 
r e j ec t ion  m o t i o n  (Figure  3). T h e  Calappa t h e n  qu ick ly  
b a c k e d  a w a y  a n d  genera l ly  m a d e  no  f u r t h e r  a t t e m p t s  to  
c o n t a c t  t h e  h e r m i t  c rab  for severa l  minu tes .  I n  t h e  p resence  
of a n  a n e m o n e  on  t h e  shell, t h i s  r e jec t ion  b e h a v i o r  occur red  
in  a b o u t  67% of t h e  expe r imen t s .  W h e n  no  a n e m o n e  was 
p resen t ,  t h i s  b e h a v i o r  was  n e v e r  observed .  I n  a d d i t i o n  

Fig. 3. Rejection motion of Calc~ppa flammea after contact with 
aeontia of anemone Calliactis tricolor attached to gastropod shell. 

Fig. 4. A Pagurus pollica~is hermit crab which barely escaped preda- 
tion by Calappe ]lamme~ during the preliminary series of experi- 
ments. 
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the  presence  of an anemone  on the  shell caused the  Ca- 
lappa to  drop the  he rmi t  crab a to ta l  of 130 t imes  or ap- 
p rox ima te ly  11 t imes  per  trial.  On the  o ther  hand,  he rmi t  
crabs w i thou t  anemones  were d ropped  only a to ta l  of 5 
t imes  or 0.42 t imes  per  t r ial  (Table I). 

The main  series of exper iments ,  however ,  were con- 
duc ted  in an effort  to de te rmine  if the  presence  of the  ane- 
mone  did p ro t ec t  the  he rmi t  crabs  f rom p reda t i on  by  
Calappa. In  over  91% of the  exper iments ,  the  presence  of 
an anemone  on the  shell of the  he rmi t  crab did in fact  pre- 
ven t  its being killed by  the  Calappa (Figure 4; Table  II).  
On the  o ther  hand,  app rox ima te ly  83% of tile he rmi t  
crabs w i thou t  anemones  were e i ther  killed or par t ia l ly  
ea ten  by  Calappa. 

Discussion and conclusions. Crabs of the  genus Calappa 
prey  on he rmi t  crabs  b o t h  in the  field 5 and in the  labora-  
tory.  P r e s u m a b l y  Calappa/lammea is a na tu ra l  p r eda t o r  
of the  Pagurus pollicaris he rmi t  crab since b o t h  have  been  
collected toge the r  in the  same area and  Calappa readi ly  
preys  on the  he rm i t  crab in the  lab. 

Resul ts  of the  expe r imen t s  showed t h a t  the  Calappa 
can be an effective p reda to r  when  given a he rmi t  crab, 

Table I. 'Rejection' reactions and release of Pagurus pollicaris by 5 
Calappa ]lammea during 24 trials 

Anemone present Anemone absent 

No. of trials 12 12 
Total No. of 'rejection' 
reactions 8 0 
Total No. of times hermit 
crab was dropped 130 5 
Average No. of times hermit 
crab was dropped/trial 10.8 0.42 

Table II. Results of predation attempts by 5 Calappa/lammea on the 
hermit crab Pagurus pollicaris with and without the symbiotic sea 
anemone CalIiactis tricolor 

No. of hermit No. of hermit crabs killed 
crabs not killed or partially eaten 

Anemone present 11 1 a, b 
Anemone absent 2 o 10 

in t h a t  abou t  83% of the  he rmi t  crabs w i t h o u t  anemones  
were eaten.  The only h e rmi t  crabs  which  emerged un-  
sca thed  f rom these  expe r imen t s  were those  whose cheliped 
h a p p e n e d  to  block the  aper tu re  in such a way  t h a t  Ca= 
lappa could no t  inser t  its dac ty l  t o o t h  far enough  into  t h e  
aper tu re  to  ini t ia te  opening.  This is in s t r ik ing con t ras t  to: 
only one he rmi t  crab being ea ten  when  an anemone: 
s y m b i o n t  was p resenL This  single occurrence was one ini 
which the  p re l iminary  shell opening act ivi t ies  of the  Ca- 
lapps h a p p e n e d  to  b reak  off t h a t  por t ion  of the  shell  bea r -  
ing the  anemone.  Thus,  th is  case migh t  be considered to be 
one of those  rare except ions  which  t ends  to  ' p rove '  the  
rule. 

I t  is obvious t h a t  C./lammea is no t  an effective preda-  
tor  when  preying  on the  P .  pollicaris h e rmi t  crab in the  
presence of the  symbio t ic  sea anemone,  bu t  t he  proof  of 
how the  anemone  p ro tec t s  t he  he rmi t  crab remains  to be 
shown. However ,  the  fact  t h a t  the  anemone ' s  acont ia  con- 
ta in  numerous  s t inging n e m a t o c y s t s  6 and  t h a t  the  rejec- 
t ion react ions of the  Calappa were of ten  preceded  by  con tac t  
of the  Calappa's m o u t h p a r t s  wi th  these  acontia ,  suggest  
t h a t  the  acont ia l  n e m a t o c y s t s  p lay  a role in th is  pro tec t ion .  

Dropp ing  of the  he rmi t  crab by  the  Calappa and  the  
subsequen t  m o v e m e n t  away  f rom the  prey,  could possibly 
remove  the  p reda to r  far enough f rom the  v ic in i ty  of the  
p rey  to allow escape of the  h e rmi t  crab in the  field. The 
he rmi t  crab also was able to  r e t r ea t  f rom the  Calappa af ter  
being dropped.  

These observat ions ,  a l though  necessar i ly  pre l iminary ,  
due to  the  diff icul ty  in ob ta in ing  a sui table supply  of Ca- 
lappa, s t rongly  suggest  t h a t  the  associat ion of the  sea ane- 
mone  Calliactis tricolor with  the  h e rmi t  crab Pagurus polli- 
caris does in fact  confer  selct ive p ro tec t ion  f rom at  least  one 
of i ts  predaters ,  Calappa/lammea 7 

Zusammen/assung. Exper imen te l l e r  Nachweis ,  dass  
Einsiedlerkrebse,  Pagurus pollicaris, mit  symbion t i sche r  
Seeanemone,  Calliactis tricolor, auf ihrer Schale vom na- 
t t i r l ichen Fe ind  der Krabbe ,  Calappa/lammea, wei tgehend  
gemieden werden.  
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S h o o t  In i t ia t ion  on  Caul i f l ower  R o o t s  Caused  by M o r p h a c t i n  

Advent i t ious  bud  fo rmat ion  on stem, leaf, and  roots  of 
various p lan ts  has been observed.  A review of advent i -  
t ious  bud  fo rma t ion  on excised leaves shows t h a t  leaves 
of 30 species were able to form roots  which  formed buds  1. 
In  vivo roots  of Phlox sp. are known  to  be s t imula ted  to 
form advent i t ious  buds.  I t  has  been repor ted  t h a t  
cabbage could be p ropaga t ed  by  means  of root  cut t ings  
ob ta ined  f rom the  base  or crown of the  p lan t  2. This 
p re l iminary  communica t i on  repor ts  shoot  fo rmat ion  on 

in tac t  roots  of cauliflower p lan ts  t r e a t ed  wi th  morphac-  
tin. 

Seven-week-old cauliflower (Brassica oleracea Linn.  
var. botrytis c.v. Snowball)  p lan ts  (having 11-13 leaves) 
raised 45 cm apa r t  in the  field were d ab b ed  on the  lamina  
wi th  absorben t  co t ton  soaked wi th  aqueous  m o r p h a c t i n  
(Chlorfluorenol IT 3456) solution, the  shoot  apex  was 
thoroughly wetted with it. The concentrations used were 
I00, 250, 500, and I000 ppm (0.02% Tween 80 served as 


