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In  assessing the  effects of the  t ides on in te r t ida l  sea- 
weed popula t ions ,  cloudless days  which occurred towards  
the  end of a series of such  t ides  were selected. D i a m o n d  
Head  reef on Oahu Is land  (Hawaii) was selected as the  
s tudy  area and  3 species of Hypnea were used as research 
mater ia l  (Table II). 

Table II. Percentages of Hypnea tbaIli with killed and bleached 
apices during nfid-day 0.0 cm and 'minus' low tides 

Species Date Distance seaward from shore (m) 

0 5 10 15 

H. cervicornis 10. 3. 1973 100• 67• 53• 
6.5. 1973 100• 69• 48• 

H. chordacea 10.3. 1973 - 100• 56L4 
6.5. 1973 - 83• 60-~6 

H. nidiJica 10.3. 1973 - 25• 8•  
6.5. 1973 - 33• 19• 

-, No thalli grew in the area. 

Table III. Percentages of Hypnea thalli with killed and bleached 
apices during early morning 0.0 cm and 'minus' low tides 

Species Date Distatlce seaward from shore (m) 

0 5 10 15 

H. cervicornis 28.4. 1973 4• 0• 0• 
29.7. 1973 0:t:0 3• 0• 

H. chordacea 28.6. 1973 - 18:t:2 0• 
29.7. 1973 - 8• 5• 

H. nidi/ica 28.6. 1973 - 7• 0~0 
29.7. 1973 - 0• 0• 

~, No thalli grew in the area. 

Sampl ing  was done  along a t r ansec t  across the  inter-  
t idal  belt .  A 45 cm d iame te r  brass sampl ing  ring was 
r a n d o m l y  tossed 6 t imes  a t  each of 0, 5, 10 and 15 m sea- 
ward  f rom a gen t ly  sloping shore. Where  the  r ing fell, 
thal l i  of the  selected species showing signs of killing 
th rough  t ide- induced  emers ion were counted.  The af- 
fected p lan t s  had  bleached,  killed and d i s in tegra ted  t ips.  
The percen tages  of af fec ted  Hypnea p lan t s  were subse- 
q u en t l y  calculated and  the d a t a  t abu la t ed  (Table II).  

The procedure  was  repea ted  on selected dates  (Table 
III)  when  the  in te r t ida l  seaweeds were emersed dur ing  
early morn ing  - (06.00 to 09.00 h) 'zero'  and 'minus '  low 
tides,  i. e., when the  l ight  in tens i ty ,  t e m p e r a t u r e  and de- 
s iccat ion would be expec ted  to be less des t ruct ive .  

Results and discussion. The da t a  ob ta ined  (Table 1) 
show tha t ,  in the  Hawai ian  Is lands,  the re  is defini te  
seasonal i ty  in t idal  behaviour .  Hypnea thal l i  showed COil- 

04-0 
0• s iderable damage  (Table II) dur ing  the  days  wi th  mid-  

day  'zero '  and  minus  low tides. More bleaching and killing 
7• of the  thal l i  was observed  for H. cervicornis and  H. chor- 
0• daces which  grow higher  up in te r t ida l ly  t h a n  for H. nidi- 
o:ko ~• which  is more  subtidal .  On the  days  wi th  early 
0• morn ing  low t ides  (Table III) ,  algal killing by  t ide- induced  

emersion was negligible. 
F r o m  the  l i terature~ and  f rom these  results,  one can 

predic t  t h a t  the  season when  in te r t ida l  seaweed popula-  
t ions  in Hawai i  would be minimal  is towards  the  end of 
the  seasons (June and  July) wi th  the  h ighes t  f requency  of 
m i d -d ay  'zero'  and 'minus '  low tides.  During Augus t  to  
November ,  when  such t ides  are non-exis ten t ,  in te r t ida l  
seaweed popula t ions  would be expec ted  to increase 
s teadi ly  to a max i mu m.  Indeed  the seasonal  s t and ing  crop 
var ia t ions  of t he  above  species of Hypnea show this  pre-  
d ic ted p a t t e r n L  DEW'REEDE'S s f indings on the  seasonal  
var ia t ions  of Sargassum popula t ions  in Hawai i  (showing 
m a x i m a  dur ing N o v e m b e r  and December  and min ima  in 

0• May to July) also seem to fit  this  p red ic ted  pa t t e rn .  These 
0• resul ts  suggest  t h a t  in our a t t e m p t s  to  de te rmine  the  
0• causal factors  for seasonal  changes  in seaweed popula t ions  
0• in the  tropics,  t idal  behav iour  is one of the  mos t  i m p o r t a n t  
0• factors  to  be examined.  
0• 

7 I{. ]2~. MSHIGENI, Ph. D. dissertation, Univ. Hawaii (1974). 
s R. E. DEWR~EDE, Ph.D. dissertation, Univ. Hawaii (1973). 

Nuclear Fusion and Irregular Cytokinesis in Binucleate and Tetraploid Cells of Vicia .faba after 
Caffeine Treatment 
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Federal Republic, BRD),  29 March 7976. 

Summary. By means  of 3 h t r e a t m e n t  wi th  0.2% caffeine solution, b inucleate  and  te t rap lo id  cells were ob ta ined  in the  
lateral  root  mer i s t em of Vieia/aba. During recovery  changing  ra tes  of fused in te rphases  were noticed.  Cell walls were 
formed in the  equator ia l  plane of the  preceeding division of b inucleate  and  te t rap lo id  cells a t  in te rphase  and  in the  course 
of bimitosis  or 4n-mitosis  a t  p rophase  or me taphase ;  dur ing b i te lophase  a cons t r ic t ion  of the  fused nuclei could be 
seen. The conclusion is t h a t  the  basic requ i rements  of cytokinesis  are no t  affected by  caffeine. 

The effect  of caffeine on cytokinesis  1 leads to b inuclea te  
cells t h a t  divide synchronous ly  '2, or to te t rap lo id  cells a. 
During division of b inucleate  ceils, there  m a y  be formed 
te t rap lo id  nuclei by  fusions 3, 4. In  the  p resen t  paper ,  the  
fu r ther  d e v e l o p m e n t  of these  ceils is described.  

Materials and methods, gicia ]~ba seedlings were grown 
in mois t  sand  and,  af ter  cu t t ing  off the  main  root  up to  3 

cm, t h e y  were t rans fe r red  into aera ted  (3 ml/sec) Hoag-  
land ' s  general  solut ion No. 3 in p e r m a n e n t  l ight  a t  
25 :t: 1~ Latera l  roots  were t r ea ted  3 h wi th  0.2% 
caffeine solut ion (DAB 7, Merck, Darms tad t )  in dist i l led 
water  and  fixed a t  d i f ferent  t imes dur ing  recovery  a. 
Bimi toses  and  4 n-mi toses  were s tudied  a t  Feulgen 
s ta ined squash  prepara t ions .  
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Fig. 1. Fusion stages of interphase nuclei. 2 h recovery, x 600. 

% 
A 

/\o  osoo  

~ b i m l t  
0 4n-m i t  

[30 

0 2 4 6 8 10 12 14 16 h 

Fig. 2. Fusions, bimitoses and 4 ~-mitoses dependent on time of re- 
covery after 3 h caffeine treatment.  Abscissa: h after the end of 
caffeine treatment.  

Results and discussion. 2 h a f t e r  t h e  c a f f e i n e  t r e a t m e n t  
t h e  f i r s t  f u s i o n s  of i n t e r p h a s e  n u c l e i  c a n  be  o b s e r v e d  
( F i g u r e  1). A f t e r  t h a t  t h e r e  is a m a x i m m n  a t  t = 6, a 
m i n i m u m  a t  t - -  10, t h e n  t h e  p e r c e n t a g e  of  f u s e d  i n t e r -  
p h a s e  n u c l e i  is i n c r e a s i n g  ( F i g u r e  2). T h e r e  is a s t r o n g  
n e g a t i v e  c o r r e l a t i o n  b e t w e e n  f u s e d  i n t e r p h a s e s  a n d  4 n -  
m i t o s e s ,  w h i l e  t h e r e  is n o  c o r r e l a t i o n  b e t w e e n  i n t e r p h a s e  
f u s i o n s  a n d  b i m i t o s e s .  M o s t  of  t h e  t e t r a p l o i d  cells  s e e m  to  
h a v e  t h e i r  o r ig in  in  f u s e d  i n t e r p h a s e  nuc le i ,  b u t  t h e r e  is no  
d i r e c t  c o n n e x i o n  b e t w e e n  f u s e d  i n t e r p h a s e s  a n d  b i m i t o s e s .  
T h e  i n c r e a s i n g  r a t e  of  f u s i o n s  b e t w e e n  t = 14 a n d  ! = 16 
c a n  be  e x p l a i n e d  b y  n u c l e a r  f u s i o n s  a f t e r  pa r a l l e l  b i -  
m i t o s i s  6. T h e  t i m e  i n t e r v a l  b e t w e e n  t h e  a p p e a r a n c e  of  
c o r r e s p o n d i n g  f u s i o n  r a t e s  (e.g. 5 0 %  of  t h e  f i r s t  m a x i m u m )  
in  t h e  s lope  of  t h e  g r a p h  is a b o u t  13 h a n d  e q u i v a l e n t  
t o  t h e  m i t o t i c  cyc le  t i m e  of Vicia /aba u n d e r  t h e  g i v e n  
c o n d i t i o n s  5. T h e  b i n u c l e a t e  a n d  t e t r a p l o i d  cells  i n d u c e d  
b y  t h e  c a f f e i n e  t r e a t m e n t  e n t e r  m i t o s i s  a b o u t  8 h a f t e r  
t h e  e n d  of  t r e a t m e n t  3. I n  r o o t s  of  Allium, GONZKLES- 
FERNANDEZ e t  al. 6 d i s t i n g u i s h  b e t w e e n  c o a x i a l  a n d  pa ra l l e l  
b i m i t o s e s .  B o t h  t y p e s  we re  f o u n d  in  r o o t s  of  Vieia, too ,  
b u t  n o  p e r p e n d i c u l a r  b i m i t o s e s  6. T h e  f u r t h e r  d e v e l o p m e n t  
of  t h e  cel ls  is c o n t i n g e n t  on  t h e  p o s i t i o n  of  t h e  s p i n d l e  
axes .  A f t e r  t h e  f i r s t  d i v i s i o n  c o a x i a l  b i m i t o s e s  f o r m  a 
2n  --  2n  + 2n --  2n  c o m p l e x  t h a t  m a y  b e c o m e  2n  --  4n  - -  
2n  b y  f u s i o n  (cp.forAlliurn,GoNzXLEz-FERN~NDEZ e t  al.~). 
P a r a l I e l  b i m i t o s e s  m a y  be  r e g a r d e d  a s  t e t r a p l o i d  m i t o s e s  
f r o m  t h e  b e g i n n i n g ,  w h e n  t h e  s p i n d l e  a x e s  a re  c lose  
e n o u g h  t o  e a c h  o t h e r  ( F i g u r e  3), or  t h e r e  m a y  o c c u r  
f u s i o n s  a t  a n a p h a s e  or  t e l o p h a s e  r e s u l t i n g  in  t w o  4n-  
nuc le i .  

1 B. KIHLMAN and A. LEVAN, Hereditas 35, 109 (1949). 
G. GII~I%ZNEZ-MARTiN, A. GONZ~.LEZ-FERN~NDEZ and J. F. LOPEZ- 
SXEz, J. Cell Biol. 26, 305 (1965). 
W. ROPER, Arzneimittelforsch. (Drug Res.), in press. 

4 G. GIMt~NEZ-MARTiN, J. F. L6PEZ-S.KEZ, P. MORENO and A. 
GONZXLEZ-FERNXNnEZ, Chromosoma 25, 282 (1968). 

5 W. R6PER, Biol. ZbI., in press. 
A. GONZkL~z-FERNXNnEZ, J. F. L6PEZ-S.~tEZ and G. GIMII'NEZ- 
MARTIN, Expl Cell Res. d3, 255 (1966). 

Fig. 3. Beginning fusion at bianaphase. 10 h recovery, x 350. 

Fig. 5. Irregular cytokinesis at bitelophase after fusion. 11 h re- 
Fig. 4. Cell wall at bimetaphase. 10 h recovery. • 880. eovery. • 800. 
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Fig. 6. Ceil wall formation at 4 n-interphase (fused nuclei). 2 h re- 
covery. • 830. 

Fig. 7. Incomplete ceil wall at bi-interphase. 6 h recovery. • 
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Fig. 8. Scheme showitlg the possibilities of development of binucleate 
cells, cat, caffeine treatment; bimit, bimitosis; ic, irregular cyto- 
kinesis; re, regular cytokinesis. 

In  some cells, a cy tokines i s  could be  s t a t e d  as well  
b e t w een  t h e  nucle i  of b inuc l ea t e  ceils (Figure 4) an d  - 
in  m o s t  cases - cons t r i c t ing  t h e  t e t r a p l o i d  nuc leus  of t h e  
2n -- 4n  -- 2n complex  (Figure 5). This  m a y  even  h a p p e n  
before b i t e lophase  has  f inished.  T h e  cell wal l  was a lways  
fo rmed  in t h e  equa to r i a l  p l a n e  of t h e  p receed ing  divis ion 
d i s t u r b e d  b y  caffeine.  I n  t e t r a p l o i d  cells a beg inn ing  
f o r m a t i o n  of a cell wal l  a t  i n t e r p h a s e  or d u r i n g  mi tos is  
could be  observed ,  too  (Figure 6); as these  nuclei  are 
supposed  to  h a v e  t he i r  or igin in  a fusion of two  nuclei  a t  
b i - i n t e rphase  or  b iprophase ,  t h e  cons t r i c t ions  h a p p e n  in 
t h e  fo rmer  equa to r i a l  plane,  too ;  in c o n t r a s t  to  i r regula r  
cy tokines i s  a t  b i t e lophase  no  comple t e  cons t r i c t ions  were 
obse rved  in these  cases. GONZkLEZ-FERNANDEZ et  al. 7 
conc luded  f rom cytokines is  d u r i n g  p rophase  in roots  
t r e a t e d  w i t h  e t h i d i u m - b r o m i d e  t h a t  cy tokines is  is inde-  
p e n d e n t  of RNA-syn thes i s ,  as soon as the  nuc leus  h a s  
en t e red  p rophase .  This  m e a n s  t h a t  the  f u n d a m e n t a l  
r e q u i r e m e n t s  of cy tokines i s  h a v e  been  fulfilled du r ing  
in te rphase .  Caffeine inh ib i t s  t h e  process  of cy tok ines i s ;  
on cond i t ion  t h a t  i t  does no af fec t  t h e  basic  r e q u i r e m e n t s  
of cytokinesis ,  i t  would  be possible  t h a t  a f te r  subs idence  
of caffeine effects cy tok ines i s  m a y  be  conc luded  du r ing  
r ecove ry  a t  t h e  or iginal  place, even  leading to  nuc lea r  
cons t r ic t ions .  I n  these  cases t h e  effect  of caffeine m a y  be  
r ega rded  as delay.  As cy tokines i s  was  observed  d u r i n g  
b ip rophase  an d  b i m e t a p h a s e ,  d u r i n g  b i - in t e rphase  i t  
seemed possible,  too, an d  could be observed  in a few 
cells (Figure 7). I n  all cases m e n t i o n e d  (Figure 8), t he  
b inuc lea t e  p o p u l a t i o n  would be  decreased  uncon t ro l l ab ly ,  
an d  diff icul t ies  m a y  arise in  t h e  d e t e r m i n a t i o n  of mi to t i c  
cycle t ime  b y  m e a n s  of caffeine t r e a t m e n t  2. F u r t h e r  
i nves t iga t ions  will be carr ied o u t  in order  to  s t u d y  t h e  
m e c h a n i s m s  of cell wal l  f o r m a t i o n  in ca f fe ine- t rea ted  
cells. 

7 A. GONZILEZ-Iq'ERNANDEZ, G. GIM/~NEZ-~IARTiN and J. F. g6PEZ- 
SkEz, Expl Cell Res. 62, 464 (1970). 

Distribution of Chlorophyllase Activity and Levels of Chlorophylls  a and b in Sandal 
(Santalum album L.) Affected by Spike Disease 

K. PARTHASARATHI, S. ]k~. GUPTA and  C. R. RANGASWAMY 

Fores t  Research  Labora tory ,  B a n g a l o r e - 5 6 0  003  ( Ind i a ) ,  4 F e b r u a r y  1976. 

S u m m a r y .  Compared  to h e a l t h y  specimens,  t he  levels of ch lorophyl l s  a a n d  b a n d  t h e  a c t i v i t y  of ch lorophyl lase  t o w a r d s  
t he  two  p i g m e n t s  r e m a i n e d  lower ill t h e  leaves  of spiked sanda l  a t  all s tages  of leaf  d ev e l o p men t ,  excep t  in the  senescing 
diseased leaves  where  t he  ch lorophyl lase  a c t i v i t y  showed  a s teep  rise. 

One of t h e  cha rac t e r i s t i c  s y m p t o m s  in s anda l  a f fec ted  
b y  spike disease1, caused  b y  mycop la sma- l ike  o rgan i sms  
(MLO) Z-*, is leaf chlorosis.  A defect ive  t r a n s l o c a t i o n  of 
i ron f rom t h e  roots  to  aer ia l  p a r t s  was ear l ier  cons idered  
as a cause  for t he  chlorosis  in  the  spiked sanda l  s. I n  
pho tosyn thes i s ,  t he  role of ch lo rophy l l  a is f u n d a m e n t a l  
while  t h a t  of ch lo rophy l l  b is of a n  accessory n a t u r e  *, a n d  
t he  level  of ch lo rophy l l  in t he  t issue is d e p e n d e n t  on  
ch lorophyl lase  ac t iv i ty .  I n  respec t  of t he  chlorosis  in 
some v i rus - in fec ted  p lan t s ,  increased  hydro lys i s  of chloro-  

phy l l  due  to  a n  increase  in ch lorophyl lase  ac t i v i t y  ~-9, 
was  cons idered  as t h e  m a i n  cause  for chlorosis.  A l t h o u g h  
t h e  ch lorophyl l s  a n d  ch lorophyl lase  were i nves t i ga t ed  in 
these  p lan t s ,  t h e  d i s t r i b u t i o n  of t h e  a c t i v i t y  of t h e  e n z y m e  
towards  t h e  two  p i g m e n t s  was  n o t  s tudied.  F u r t h e r ,  
i n fo rma t i o n  on t h e  n a t u r e  of changes  caused  in t h e  chloro-  
phyl l s  an d  ch lo rophyl lase  a c t i v i t y  in p l a n t s  infected b y  
MLO is lacking.  H e n c e  a s t u d y  of ch lorophyl l s  a an d  b 
an d  the  d i s t r i b u t i o n  of ch lo rophyl lase  ac t i v i t y  t o w ards  
t h e  two p i g m e n t s  in h e a l t h y  a n d  sp iked  sanda l  t rees  was  


