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Accordingly,  some of the  m e t a p h a s e s  in the  2nd or 3rd 
division are no t  recognized as such, and t h e y  are con- 
sequen t ly  recorded as cells in the  1st division. 

A second series of cul tures  f rom 3 of the  donors  pre-  
viously employed  were set  up and  t r ea ted  wi th  5 txg/ml 
of the  base analogue (Table). The compar ison  of the  
resul ts  f rom the  two series of cul tures  shows t h a t  the  
percentage  of cells in 1st, 2rid or 3rd division m a y  v a r y  
f rom cul ture  to  cul ture  i ndependen t l y  of the  fact  t h a t  
cul tures  m a y  s tem from the  same donor.  This has to be 
t aken  into account  to expla in  the  var iab i l i ty  of results  
ob ta ined  in s imul taneous  cul tures  of the  same donor  
t r ea t ed  wi th  5 and 10 ~zg/ml of B r d U  (only the  donor  A 
shows equiva len t  resul ts  in b o t h  sets of leukocyte  cul- 
tures). 

I t  has  been known  since long t h a t  P r i G - s t i m u l a t e d  
h u m a n  blood cul tures  comprise  mixed  l y m p h o c y t e  sub- 
popula t ions  which  s t a r t  D N A  synthes is  a t  d i f ferent  mo- 
m e n t s  or which  have  d i f ferent  lengths  of the i r  cell 
cycles.~,8 n .  The expe r imen t s  f rom BENDER and ]~3RE- 
WEN "~ suggest  t h a t  h u m a n  blood cul tures have  2 lympho-  
cy te  subpopula t ions  w i th  d i f ferent  radiosensi t ivi t ies  and 

wi th  d i f ferent  ra tes  of progression t h r o u g h  the  process of 
D N A  synthes is  to cell division ; the  fas tes t  and the  slowest 
ceils to  reach  mitosis  would exh ib i t  h igh and low radio- 
sens i t iv i ty  respect ively.  

Our resul ts  show t h a t  the  BrdU-Giemsa  t echn ique  is a 
useful m e t h o d  to iden t i fy  wi th  accuracy the  percen tage  
of l ymphocy te s  which  have  gone t h ro u g h  1, 2 or 3 divi- 
sions in 72 h blood cultures.  I t  is t e m p t i n g  to speculate  
t h a t  these  3 d i f ferent  ra tes  of division cor respond to 3 
d i f ferent  l y m p h o c y t e  subpopula t ions .  However ,  before 
accept ing  th is  assunlpt ion,  i t  will be necessary  to  cor- 
re la te  the  sens i t iv i ty  to  clastogenic agents  exh ib i ted  by  
l y m p h o c y t e s  which  have  en te red  mitosis  one, two or 
th ree  t imes  dur ing the  cul ture period.  
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Summary .  This s t u d y  has  revealed t h a t  mid -day  'zero'  and  'minus '  low t ides ill Hawai i  show a defini te  seasonal i ty  and 
t h a t  the i r  occurrence causes considerable  bleaching and  killing of in te r t ida l  H y p n e a  popula t ions .  

Tides are the  ma jo r  fac tors  l imit ing the  upper  and 
lower l imits  of in te r t ida l  seaweeds  a, 4. In  the  t ropics  the  
t ime of the  occurrence of t he  low t ides  is especially im- 
po r t an t .  

In  Ghana,  LAWSON'S 5 s tudies  revealed t h a t  t he  seasonal  
var ia t ion  in the  abundance  and  ver t ical  zonat ion  of inter-  
t idal  seaweeds,  such as H y p n e a  musc#ormis  (Wulfen) 
Lamouroux ,  was s ignif icant ly  corre la ted wi th  the  seasonal  
changes  in the  t ime  of t he  occurrence  of lowest  low tides.  
In  t he  season of the i r  day - t ime  occurrence,  the  in te r t ida l  
popula t ions  declined. W h e n  occurr ing at  night ,  the  sea- 
weed popula t ions  increased and  also ex t ended  higher  up 
the  shore. 

Table I. Number of days per month in the Hawaiian Islands with 
predicted mid-day 0,0 em and 'minus' low tides~ 

Since d i f ferent  shores do no t  necessar i ly  have  identicai  
t ida l  r h y t h m s  a it is er roneous  to use LAWSON'S results  in 
pred ic t ing  the  effects of the  t ides  on in te r t ida l  seaweeds 
in o ther  t ropical  regions of s imilar  la t i tude.  The local t idal  
character is t ics  of m a n y  regions m u s t  be s tudied  before 
broad  general izat ions  can be made.  However ,  ex t remely  
scan ty  l i te ra ture  has  been wr i t t en  on this  subject .  In  
Hawai i  there  seems to  be no publ i shed  account  showing 
w h e t h e r  or no t  there  is any  seasonal i ty  in t idal  behaviour .  
The p resen t  s t u d y  was therefore  focused on th is  aspect.  

In  th is  invest igat ion,  a t t e m p t s  have  also been  made  to  
d e m o n s t r a t e  actual  physical  damage  and d e a t h  of inter-  
t ida l  seaweeds dur ing mi d -d ay  t ide - induced  emersion.  

Mater ia l  and methods, The n u m b e r  of days  per  m o n t h  
wi th  pred ic ted  mi d -d ay  'zero '  (0.0 cm) and minus  (e.g., 
-0 .8  cm) low t ides  in the  Hawai ian  I s lands  for 1972, 1973 
and  1974 (Table 1) were counted .  These were t aken  as 
t ides  occurr ing be tween  11.00 and 14.00 h. 

Year Months 

J F M a M J J A S O N D 

1972 8 13 14 8 7 3 1 0 0 0 0 3 
1973 9 13 11 5 6 3 2 0 0 0 0 0 
1974 6 12 10 7 7 3 0 0 0 0 0 3 

7.7 12.7 11.7 6.7 6.7 3.0 1.0 0.0 0.0 0.0 0.0 0.0 
SD. 1.5 0.6 2.1 1.5 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.7 

�9 Source: Tide calendars for the Hawaiian Islands published by the 
Dillingham Corporation, Honolulu. 
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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• 
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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 .  


