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source  of cu t i cu la r  w a t e r  m a y  also a c c o u n t  for t h e  fac t  
t h a t  t h e  w a t e r  a c t i v i t y  of t h e  cu t ic le  of t e r r e s t r i a l  i sopods  
is h i g h e r  t h a n  t h a t  of t h e  b lood  e. 

W h a t  m e c h a n i s m s  r egu l a t e  t h e  o p e n i n g  of t h e  m o u t h  
a n d  t h e  a n u s  is u n k n o w n  yet ,  b u t  t h e r e  a re  some clues. 
I f  t he  f o u r t h  pa i r  of legs is r e m o v e d  t h e  r a t e  of w a t e r  
loss f rom t h e  b o d y  increases  g rea t ly  in  d r y  a i r  7. A r e m o v a l  
of a pa i r  of legs i n t e r r u p t s  t h e  cap i l l a ry  sys tem,  a n d  a 
d rop  of f luid p laced  o n  one  e n d  of t h e  b o d y  will  n o t  f low 
over  t h e  a m p u t a t e d  site. H e n c e  i t  looks  l ike t he  o t h e r  
end  of t h e  b o d y  'dr ies  ou t ' ,  wh ich  s u b s e q u e n t l y  resu l t s  
in a h igher  o u t p u t  of f luid to  c o m p e n s a t e  for  it. W h a t  t h e  
ac tua l  f eed-back  m e c h a n i s m s  are  c a n  on ly  be  specu la ted .  
F o r  ins t ance ,  superf ic ia l  w a t e r  r ecep to r s  w i t h  i n t e s t i n a l  
v o l u m e  recep to r s  m i g h t  be  invo lved .  I t  is a cur ious  f ac t  
t h a t  t h e  occlusion of e i t he r  t h e  m o u t h  or t h e  a n u s  a lone  
a f fec ted  t h e  e v a p o r a t i o n  p a t t e r n ,  w h i c h  refers  to  t h e  
poss ib i l i ty  t h a t  b o t h  ends  of t h e  a l i m e n t a r y  c a n a l  a re  
r egu l a t ed  b y  a s ame  f e e d - b a c k  sys tem.  T h e  wal l  of t h e  in- 
t e s t i ne  m a y  be  t h e  s i te  where  b lood  c o n c e n t r a t i o n  a n d  con- 
t e n t  is r egu l a t ed  (cf. HOROWITZ8). A t  t h e  l i gh t  microscope  
level  GUPTA * f o u n d  in b o t h  P .  scaber a n d  Oniscus asellus 
r ec t a l  g l a n d s  w h i c h  co r r e spond  t o  t hose  occur r ing  in  
m a n y  insects ,  a n d  t h e i r  m a i n  f u n c t i o n  could  be  r egu la t i on  
of t he  b o d y  water .  T h e  presence  of a h o r m o n a l  s y s t e m  
regu la t i ng  t h e  o u t p u t  of w a t e r  in  t e r re s t r i a l  i sopods  ha s  
been  sugges ted  2; t h e  a c t u a l  s i te  of a c t i o n  of t h i s  s y s t e m  
m a y  the re fo re  be  t h e  wal l  of t h e  in tes t ine .  Also, a m a j o r  
p a r t  of t h e  n i t r ogenous  was te  in  t e r r e s t r i a l  i sopods  occurs  
in  t h e  fo rm of gaseous  a m m o n i a  10. I t  is conce ivab le  t h a t  
a t  l eas t  p a r t  of t h i s  a m m o n i a  is re leased  in  t h e  i n t e s t i n a l  
f luid.  H e n c e  t h e  d i scha rge  could  also be  r egu l a t ed  b y  a 
g r a d u a l  bu i l d -up  of a m m o n i a  in  t h e  in tes t ine .  

The  p r o b l e m  conce rn ing  t he  p resence  of a w a t e r p r o o f i n g  
ba r r i e r  in  t h e  ep icut ic le  of t e r r e s t r i a l  i sopods  h a s  r e m a i n e d  
u n r e s o l v e d  (cf. EDNEY*). A p p a r e n t l y ,  t h e  p resence  of 

e x t e r n a l  w a t e r  on  t h e  cut ic le  ha s  b r o u g h t  a b o u t  a b ias  
in  e v a p o r a t i o n  ra tes .  F u r t h e r m o r e ,  t h e  t e r m  ' c r i t i ca l  
t e m p e r a t u r e '  a t  wh ich  t he  p e r m e a b i l i t y  of t h e  cut ic le  
a b r u p t l y  increases  n needs  some  r e - e v a l u a t i o n  in  t h e  
l i gh t  of t h e  p r e s e n t  t h e o r y  on  i n t e s t i n a l  d i scha rge  a t  
l eas t  as  fa r  as t h e  t e r r e s t r i a l  i sopods  are  concerned .  
Name ly ,  a h i g h  t e m p e r a t u r e  t r e a t m e n t  m a y  also af fec t  t h e  
h o r m o n a l  s y s t e m  t h a t  con t ro l s  t h e  o u t p u t  of w a t e r ;  t h e  
r e su l t  m a y  be  a re lease  of a d iu re t i c  f ac to r  a n d  a n  increase  
in t h e  r a t e  of f luid discharge.  A poss ib i l i ty  r e m a i n s  t h a t  
t h i s  m a y  a p p l y  to  b o t h  i sopods  a n d  insects ,  especia l ly  in  
v iew of t h e  e x p e r i m e n t s  on  t h e  role of c e r t a i n  insec t ic ides  
in a n  i n d u c t i o n  of d iures is  1~, 13. 

Zusammen/assung. Neue  Vors t e l l ung  fiber den  E v a p o -  
r a t i o n s m e c h a n i s m u s  des Wasse r s  bei  t e r r e s t r i s chen  
I s o p o d e n  m i t  R e g u l a t i o n  des  Fl t i ss igkei t sabf lusses  d u t c h  
M u n d  u n d  Anus .  Die  F l i i ss igkei t  aus  d e m  D a r m  wi rd  
d u t c h  da s  v e n t r a l e  W a s s e r l e i t u n g s s y s t e m  a b g e l e i t e t  
u n d  t iber  den  K 6 r p e r  ver te i l t .  
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C a l l u s i n g  a n d  R e g e n e r a t i o n  o f  C e l l - A g g r e g a t e s  a n d  F r e e - C e l l s  o f  a H e p a t i c :  A s t e r e l l a  a n g u s t a  A u s t .  

There  are  on ly  a few in s t ances  of cal lus  f o r m a t i o n  in 
b r y o p h y t e s  l, , ;  a n d  these  lack de ta i l ed  i n f o r m a t i o n  a b o u t  
t he  process.  I n  t h e  p r e s e n t  i nves t iga t ion ,  m e t h o d s  to  raise  
cal lus  cu l tu res ,  a n d  to  see w h e t h e r  s o m a t i c  cells c a n  be  
m a d e  to  s i m u l a t e  spores,  were a t t e m p t e d .  

Material and methods. Spores  of Asterella augusta, a 
c o m m o n  H i m a l a y a n  hepa t ic ,  were a sep t i ca l ly  sown on 
basa l  m e d i u m  (BM) c o m p r i s i n g  K n o p ' s  m i n e r a l  sa l t s  
(ha l f - s t rength) ,  t r ace  e l e m e n t s  (1 p p m ,  a f t e r  NITSCH), 
terr ic  c i t r a t e  (10 ppm)  a n d  2% sucrose.  T h e  spores  germi-  
n a t e d  on ly  in a few cu l tu res  a f t e r  2 weeks.  U n d e r  h i g h  
l igh t  i n t e n s i t y  (3000 lux) t h e  g e r m - t u b e  was  s h o r t  a n d  
soon  a t ha l l u s  o rgan ized  a t  i t s  apex,  whe reas  u n d e r  20-25 
lux  t h e  spores  fo rmed  long  g e r m - t u b e s  a n d  t h e  deve lop-  
m e n t  of t ha l lu s  was  delayed.  One  of t he  tha l l i  was  p r o p a -  
g a t e d  v e g e t a t i v e l y  a n d  i ts  p r o g e n y  used for all  exper i -  
men t s .  To induce  cal lus i n d i v i d u a l  t ha l l i  f r om B M  were  
i m p l a n t e d  t o  d i f f e ren t  media .  F o r  o b t a i n i n g  free-cells  
sma l l  pieces of call i  were t r an s f e r r ed  to  5 m l  of l iqu id  me-  
d i u m  in  T u m b l e  (T) t u b e s  a n d  p u t  on  a c o n t i n u o u s  r o t a r y  
s h a k e r  (3 rpm). T h e  cu l tu res  were m a i n t a i n e d  u n d e r  con-  
t ro l l ed  c o n d i t i o n s  of l igh t  (10-12 h in a 24 h photocycle) ,  
t e m p e r a t u r e  (25 + 2 °C) a n d  re l a t ive  h u m i d i t y  (50-450%). 
E x p e r i m e n t s  were  r epea t ed  once  w i t h  a t o t a l  of 24 cu l tu res  
pe r  t r e a t m e n t .  

Results. On m e d i u m  w i t h  inc reased  sucrose (3%) t h e  
y o u n g  r e g e n e r a n t s  showed  ca l lus ing  in  a few cul tures .  A 
f u r t h e r  increase  (4%) f a v o u r e d  regenera t ion ,  b u t  t h e  re- 

g e n e r a n t s  r e m a i n e d  s t u n t e d  a n d  a t  t h e  end  of 6 weeks  
ca l lus ing  was obse rved  in 12% cul tures .  W i t h  6 %  sucrose  
t h e r e  was  p rofuse  r e g e n e r a t i o n  a n d  t h e  r e g e n e r a n t s  soon 
cal lused.  However ,  t h e  t i s sue  f o r m e d  was  s low g rowing  
a n d  s t a r t e d  d i f f e r e n t i a t i n g  in  si tu.  To  f ind o u t  w h e t h e r  i t  
was  osmot ic  effect,  m a n n i t o l  was  added .  On B M + 1 %  
m a n n i t o l  r e g e n e r a t i o n  was poor  a n d  in  i so la ted  i n s t ances  
t h e  r e g e n e r a n t s  fo rmed  callus.  W i t h  a n  increase  in  m a n n i -  
tol ,  t h e  p e r c e n t a g e  of cu l tu re s  showing  ca l lus ing  inc reased  
a n d  on  m e d i u m  w i t h  4 %  m a n n i t o l  r e g e n e r a t i o n  was inh i -  
b i ted ,  a n d  in s t ead  t h e  e x p l a n t s  ca l lused f rom t h e  ap ica l  
end  pos ter ior ly .  A t r a n s f e r  of cal lus  to  B M  i n d u c e d  differ- 
en t i a t i on .  Af te r  3 -4  d a y s  n u m e r o u s  g e r m - f i l a m e n t s  de-  
ve loped  f rom t h e  ca l lus  surface.  U n d e r  low l i gh t  (20-25 
lux) t h e  f i l amen t s  were long (2054 ~m), n a r r o w  w i t h  fe- 
wer  ch lo rop la s t s  c o n c e n t r a t e d  t o w a r d s  t h e  apex.  U n d e r  
3000 lux  t h e  ave rage  l e n g t h  of t h e  f i l a m e n t s  was  on ly  
206 ~m, t h e y  were  b road ,  a n d  c o n t a i n e d  n u m e r o u s  chlo-  
roplas ts .  I n  t he se  cu l tu res  t ha l l i  a p p e a r e d  w i t h i n  a week. 
T h u s  n u m e r o u s  tha l l i  could  be  o b t a i n e d  f rom a cal lus  
mass .  

I n  s h a k e  cul tures ,  a f t e r  3 d a y s  a suspens ion  of sma l l  
ce l l -groups  a n d  free-cells r e su l t ed  (F igure  A). I n  m a n n i t o l  
m e d i u m  t h e  cells fai led to  e longate ,  whe reas  in t h e  BM the  
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Callusing and regeneration in Asterella augusta. A) Free-cells and small cell-groups in suspension × 57.8 B, C) The cell-groups having 
formed germ-filaments and thaUi × 86,7, 49.3. D) Formation of germ-filament from free-ceU × 178.5. E, F and G) Stages in the deve- 
lopment of thalli from free cells × 178.5. 

cells deve loped  g e r m - f i l a m e n t s  of va r i ab l e  l e n g t h  w i t h i n  a 
week  a n d  a f t e r  2 -3  weeks  tha l l i  were  fo rmed  (Figures  B 
a n d  C). Free-cel ls  also r e g e n e r a t e d  to  fo rm ge rm- f i l amen t s  
a n d  tha l l i  deve loped  a t  t h e i r  apices.  I n  t h e  n e x t  exper i -  
m e n t  to  a sce r t a in  t h e  r e g e n e r a t i o n  of free-cells,  t h e  super-  
n a t a n t  f rom s h a k e  cul tures ,  c o n t a i n i n g  m o s t l y  free-cells,  
was  d e c a n t e d  a n d  a few d rops  of i t  were  p i p p e t e d  to  f lasks  
c o n t a i n i n g  5 m l  of l iqu id  BM a n d  also p l a t e d  on  t he  a g a r  
surface  (BM) in pe t r i  p la tes .  I n  these  cu l tu re s  i n d i v i d u a l  
cells fo rmed  germ~f i laments  a n d  gave  rise to  t ha l l i  (Fi- 
gures  D-G) .  

Discussion. T h e  fac to rs  i nduc ing  d e d i f f e r e n t i a t i o n  are  
l i t t l e  unde r s tood .  Masses  of a p o l a r  cells m a y  resu l t  f rom 
suppress ion  of p o l a r i t y  caused  b y  va r ious  t r e a t m e n t s  to  t h e  
p r o t o p l a s m  4 or  a u x i n - c y t o k i n i n  s y s t e m  largely  inf luences  
ded i f f e r en t i a t i on  5. 

I n  t h e  p r e s e n t  i nves t iga t ion ,  a mere  increase  in sucrose  
i n d u c e d  cal lus ing,  b u t  t h e  t i ssue  f o r m e d  was  uns t ab le .  
W i t h  t h e  a d d i t i o n  of m a n n i t o l  s t ab l e  t i ssue  was  ob t a ined ,  
t h e r e b y  i n d i c a t i n g  t h a t  t h e  ca l lus ing  m i g h t  h a v e  been  
b r o u g h t  a b o u t  b y  a n  increase  in o smot i c  po ten t i a l .  In -  
c reased  sucrose  cou ld  n o t  i nduce  a s t a b l e  ca l lus ;  p r o b a b l y  
i t  was  r ead i ly  me tabo l i zed ,  b u t  m a n n i t o l  was  effect ive.  

T h e  t i ssue  d i f f e r en t i a t ed  on ly  on  t h e  basa l  m e d i u m .  I n  
t h e  p r e s e n t  s y s t e m  cell e longa t ion  is t h e  p r e r equ i s i t e  for  
d i f f e ren t i a t ion .  M a n n i t o l  p r e v e n t s  cell e longa t ion  s a n d  
c o n s e q u e n t l y  i nh ib i t s  d i f fe ren t i a t ion .  Free-cel ls  r egene ra t -  

ed d i rec t ly  un l ike  t h a t  of Polytrichum commune which  
fo rmed  ce l l -aggrega tesL I n  t h e  process  of r egene ra t ion ,  
spore l ing  p a t t e r n  was s imula ted .  The  s y s t e m  is well su i t ed  
for  s tud ies  o n  t h e  fac tors  con t ro l l i ng  t h e  i n i t i a t i on  of 
tha l l i  in  hepa t i c s  s. 

Zusammenfassung. Nachweis ,  dass  im L e b e r m o o s  
Asterella angusta e r h 6 h t e  S a c c h a r o s e - K o n z e n t r a t i o n  Kal -  
lusgewebe induz ie r t ,  welches  sich in de r  Folge  wieder  aus-  
d i f ferenzier t ,  wt th rend  M a n n i t z u g a b e  zu s t a b i l e m  Kal lus-  
gewebe  ff ihrt .  
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