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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 
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surfac tant ) .  Fo r  controls ,  one set  was t r e a t ed  wi th  sur- 
f a c t an t  only, whi l s t  the  o ther  set  r emained  un t r ea t ed ;  
10 p lan t s  were used for each t r e a t m e n t .  

Ten weeks af ter  t r e a t m e n t ,  some of t he  m o r p h a c t i n  
t r ea t ed  p lan t s  showed shoots  aris ing f rom the  under-  
ground p a r t  of the  p lant .  Three p lan t s  f rom each group 
were r em oved  f rom the  soil and  the  adher ing  soil washed  
off. I t  was observed  t h a t  the  m o r p h a c t i n  t r e a t ed  p lan t s  
a t  all concen t ra t ions  bore numerous  shoots  on the  
unde rg round  p a r t  of the  stem, t ap  root  and la tera l  roots  
(Figure). There  were no shoo t s /buds  on the  roots  of 
cont ro l  p lants .  3 p lan t s  of each group were s tudied  a week 
la ter  and  ano the r  3 in t he  following week. The remain ing  
one p l a n t  of each group was re ta ined  in the  field for 
fu r the r  observat ions .  

These shoots  f i rs t  grew downward  t h e n  upward  mak ing  
a U shaped  base, and some of these  bore roots.  The shoots  
t h a t  had  become exposed to  sun were green, whi ls t  those  
still  unde rg round  had  numerous  c rumpled  leaves wi th  
th i ckened  pet iole  and midr ib  and yellow lamina.  As 
m a n y  as 35 underg round  shoots  were observed on one of 
t he  p l an t s  t r e a t ed  wi th  1000 p p m  m o r p h a c t i n  solut ion 
and  the  lowest  n u m b e r  for th is  group was 20 shoots.  In  
one case as m a n y  as 16 shoots  were seen arising f rom 
di f ferent  loci on a la teral  root.  P l an t s  t r ea t ed  wi th  
500 p p m  had  18-28 shoots,  whi ls t  those  t r e a t ed  wi th  
250 p p m  had  13-20 and  those  wi th  100 p p m  had  8-15 

shoots.  Shoots  were rare on the  la teral  roots  a t  lower 
concent ra t ions .  

Cytokinins  are known  to  s t imu!ate  shoot  bud  ini t ia t ion 
on exp lan t s  in vitro,  th is  holds good even for t he  t r iploid 
t issue viz. the  ma t u r e  endospe rm in t issue cul ture  3. In  
p o t a t o  plants ,  t r e a t m e n t  w i th  cy tok in in  resul ted  in 
upward  and  erect  g rowth  of s toloniferous shoots.  The 
presence  of cy tokin ins  in leaves of Bryophyllum and  Be- 
gonia s t r eng thens  the  view t h a t  cy tokin in  and  auxins  
med ia te  env i ronmen ta l  inf luence on regenera t ion  capa- 
c i ty  in these  p lan t s  4. Morphac t ins  can ' s imula te '  the  
effect  of cy tokin ins  5, by  increasing the  n u m b e r  of regener-  
a t ion  loci on leaf discs of Begonia. Recen t  work  6 has  
shown t h a t  Morphac t ins  are capable  of inducing cyto-  
k in in -dependen t  tobacco  callus t issue to become cyto-  
k in in-au tonomous ,  i.e. to  cont inue  g rowth  w i t h o u t  cyto-  
kinin. This shows t h a t  I luorenes can induce a d i rec ted  
and  her i table  cellular change  in tobacco  t issue in cu l tu re  
in which a specific b iosyn the t i c  sys tem,  i.e. endogenous  
cytokin in  system,  is regular ly  and pers i s ten t ly  ac t iva ted .  

The p resen t  f indings can be expla ined on the  assump-  
t ion t h a t  m o r p h a c t i n  absorbed  via  the  aerial pa r t s  of the  
p l an t  was t r a n s p o r t e d  to roots,  and there  i t  e i ther  s imu- 
la ted  cy tok in in ' s  ac t iv i ty  or it  ac t iva ted  the  cy tok in in ' s  
b iosynthesis ,  and  mani fes ted  the  consequences  in the  
root  zone. Such shoots  would indeed  be of use. in  propa-  
gat idn of i m p o r t a n t  types  of cauliflower. W o r k  is in 
progress  to e lucidate  the  mechan i sm of act ion of mor-  
phac t in  on cauliflower. 

Rdsumd. Des p lan tes  de choux-f leurs  t rai t6es avec une 
solut ion de morphac t i ne  ont  p rodu i t  des bourgeons  sur 
leurs racines.  
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1250, BaUimaran, Delhi-6 (India), 22 March 1972. 

Basal portion of cauliflower plants after 10 weeks of treatment. (C) 
control, (T) aerial portions treated with 1000 ppm morphactin 
solution, showing numerous shoots on tap root and one of the lateral 
roots. LRS, lateral root shoots. 
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P h o t o r e a c t i v a b l e  S e c t o r s  and the S y s t e m a t i c s  of the G e n u s  P i c h i a  1 

On the  bases of biochemical ,  ecological and  life-cycle 
considerat ions ,  WICKERHAM ~ has a r ranged  the  25 species 
of yeas ts  be longing to the  genus Hansenula according to  
a phy logene t ic  scheme consis t ing of 5 major  and  one 
subs id ia ry  lines of descent .  SPENCER et al. s, ~ no ted  t h a t  
var ia t ions  in the  s t ruc tu re  of cell wall  m a n n a n s  of species 
of Hansenula correlate  well w i th  the  re la t ionships  pro- 
posed by  WIGKERHAM. We  recent ly  r epor ted  5 t h a t  the  
magn i tudes  of t he  pho to reac t ivab le  (PR) sectors (i.e. 
f rac t ion of the  ul t raviolet ,  inae t iva t iona l  cross-sect ion of 
a cell subjec t  to  r e p a i r  by  exposure  to visible light) of 
these  species also are consonan t  w i th  WICKERHAM'S 

phylogene t ie  scheme;  only ve ry  pr imi t ive  species fail to 
pho to reac t iva te ,  advanced  species have  P R  sectors rang- 
ing f rom 0.3 to 0.7 and  all species belonging to line 5 of 
the  scheme have  a d is t inc t ive  P R  sector  of 0.1. 

The genera Hansenula and  Pichia are di f ferent ia ted,  
categorically,  only by  the  inabi l i ty  of species of Pichia to  
util ize n i t ra te .  As yet ,  in t ragener ic  evo lu t ionary  relat ion-  
ships among  species of Pichia are moot .  WICKERtIAM and 
BURTON 6 have  adduced  s t rong  a rgumen t s  to the  effect  
t h a t  the  genus Pichia arose f rom one or more  p r imi t ive  
species of Hansenula. SPENCER and  GORIN 8 have  shown 
t h a t  the  cell wall m a n n a n s  of m a n y  Pichias are struc-  


