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   Under a  photoperiedic reglme  of  l2-hr light and  12-ht' dark (12L-12D) and  con-

tinuous  illurnination (24L-OD), at  24.0± IUC, the rate  ot' elongation  ef  the rhizoid

cluster  was  8. 1 mm,tday,  and  the  presumptive site  ofthe  cluster  initiation was  l .1 --1,9 mm

frorn the rhizome  zip.  Hewever, the  plastochron interval undcr  24L-0D  regime  was

shorter  (O.87 day) than  under  12Ir12D  regime  (1.18 days). Under both regifncs,

the plants tended  to adjust  thcir  presumptive timc  of  cluster  initiation to  bc in the  two

periods  of  the  day, 0400-0900 hr and  l800 
-210e

 hr, None  of  the fo11owing seerned  to

correlate  with  the  initiation ofa  ncw  clugter:  a  certain  number  of  hours after  the  initiation
of  the youngest  cluster,  a  ccrtain  clistance on  the  rhizome  distal to the  youngest cluster,
theyoungest  cluster  reaching  to a  certain  Iength, or  a  certain  value  of  the rhizoid

plastochron index. This adjustment  by  the plants  thus suggested  the plants having an
ability  to perccive the  two  preferred periods for cluster  initiation.

    Under  a  12-hr light and  12-hr dark (l2L-12D) regime,  the interval of  the
rhizoid  cluster  initiation in CauleiPa progijbra was  found  to  be O.91 day by Chcn
and  Jacobs (1). A  similar  interval, i.e., approximately  1 day, was  also  reportcd

by Jacobs (2). Chen  and  Jacobs (1) fbund that under  a  l2L-12D regime  thc

presumptive  time  of  the cluster  initiation was  mostly  in th ¢  periods of  0600-0900  hr
and  1800-2200  hr, and  that the presumptive  site  of  the initiation was  1,3-1.8 mm
from th ¢  rhizome  tip, However  Mishra and  Keflbrd  (3) reported  no  diflerence
in the  rhizoid  initiation of  Cauleipa sertularioides  betwcen the  Iight and  dark period
ofa  12L-l2D  regime.  Al} ofthese  works  were  carried  under  a  photoperiodic regime
similar  to that of  the  natural  habitat of  CZzulerpa. Chen (4) already  reported  the
effbcts  of  continuous  illumination (24L-OD) on  the  elongation  of  the  rhizome  of

C. PTolijiira, This  is the  report  of  the  efll cts of  the  similar  illumination on  the
initiation and  elongation  of  the  rhizoid  cluster.  The  cluster  initiatlon occurred

mostly  at  0600  
-0900

 hr and  1800-2200  hr as  reported  by Chen and  Jacobs (f) could
well  be due  to one  of  the widely  spread  time-measuring  systems  or  

"clocks"
 of

organisms  in their natural  habitats (5), Thus  in the  analysis  of  the  present ex-
periment the presumptive  time  of  the  initiation under  a  l2L-l2D  regime  was

   Abbreviations: I.C.L., inter-rhizoid cluster  length; R.P.I., rhizoid  plastochron index.
i
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                                Results

    Thc  rate  of  elongation  of  the rhizoicl  clustcr  under  continuous  illumination

 (24L-OD) was  not  significantiy  diflbrent from the rate  undcr  the 12L-I2D regimc

 (Table 1; Also see  Fig. 2, ofChen  (4) ). Both  rates  were  4.06 and  4,05 mmfl2  hr,
or  8,1 mm/day,  The  presumptive time  of  the cluster  initiation under  the  24Ia-
OD  regime  was  also  statistically  not  diflbrent from that  of  the  12L-12D  regime

 (Table 1). Under  both regimes  the sites  were  1,1 to 1,9mm  from  the  rhizome

tip. However,  the average  plastochron interval of  the  24L-OD  regime  (0,87 day)
was  highly significantly  diflerent from  that  of  the  12L-l2D  regime  (I.18 da.ys)
CTable 2j Also see  Fig. 2 of  Chen  (4), showing  that  the  plottcd lines are  eloser

under  the  24L-OD regime,  i.e., from 8th to 16th day,).

    Both histegraiiis in Fig. 1 show  two  periods of  high frequency cluster  initiation.
Thesc periods are  at  almost  the  identical time  ofday  for both regimes.  Both  probit
transformations  show  two  relatively  Iinearly ascending  segments,  one  at  0400-
0900 hr and  the other  at  1800-2100  hr, which  correspond  to those  periods of  high
frequency of  the histograms. Both probit plots in Fig, 2 have two  straight  ascend-.mg

 segments,  suggesting  that  both histograms, one  for l2L-i2D  and  the  other  fbr
24L-OD,  represent  two  slightly  overlapping  distributions. The  theoretical  peaks
of  the  two  distributions under  the  12L-12D  regime  are  at  the vicinities  of  about

1.0 and  1,5 days; and  iinder  the 24L-OD regime,  O.5 and  1.0 day, (Although
the significance  of  the second  peak  of  each  histogram in Fig. 2 is based on  the  fre-
quency  of  onc  class  bcing higher than  its neighboring  cla$ses,  the  data of  Fig. 3A,
3D and  Fig. 4 give additional  supports  of  the significance  of  these  two  second  peaks.)

                                Table  l

            Average rate  of rhixoid  elongation  andpresunipti't/e  site of rhizoid  cluster
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 Mean,  :-standard  error,  and  number  of  observations  in parentheses, 
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 t-Value  at  5e//, Ievel of  probability.

 
C
 Calculatcd t-x,alue shows  no  significant  diflbl'ence,
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 Fig. 3. ffistagra7n similar  to FVg, 2. Upper  and  Iowcr 3-histogram

 sets  are  respectivcly  the  results  of  grouping the  data repre$ented

 by the  upper  and  low¢ r  histograms ei' Fig. 2. For the  criteria  ol'

 grouping, ploase see  the text. Notice that under  12 Ir12 D  regime,

 the positien of  the distribution ofthc  second  histograrn (histogramB>
 is at  the area  of  grcater  than  l.O day3 whilc  undcr  24 L-O D  regime,

 thc posit{on  of  histogram E  {s less than  1.0 day. Uncler l2 L-12 D,

 the position of  histogram C  tends  tn bc at  the place still greater

 than  that of  histogram B. On  the contrary,  under  24 L-O D  regime

 the position of  histogram F  is at  the  area  of  greater than,  instead qf

 less thani  that  of  histogram E,
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F{g, 4. Successie/e Presumptive times of cluster  initiatiofz oftLvoPlants,Plant
A and  B. Frorr] day O to 8 is the 12 L-12 D  regime  and  day  8-16, the
24I,-OD  regime.  The  presumptive timcs  oE' successive  clusters  are

indicated by  the  positions of  1, 2, 3 etc,,  and  the plastochron interval,
in days, betwecn a given cluster  and  the next  yeunger  one  is inclicated
in parentheses. 

'The
 two  periods preferred by the  plants for cluster

initiation, 0400-0900  hr and  18eO-2100 hr are  representeel  by  stippled

bars.

    
"I'he

 histograms of  Fig. 3 suggestccl  3 phenomena:  l) If the cluster  n-1  was

produced  in one  of  the two  prcferred periods, under  the  12L-12D  regime  the  cluster

n  tendcd  to be initiated in the same  period of  one  day  later or  the  other  prcferred
period of  one  and  half day later, however  under  the 24L-0D  regimc  it tended  to

be produced in the other  pref'erred period, one-halfday  later, or  in the  same  period,
one  day  later (I;ig. 3A  and  D); 2) If the cluster  n-I  was  produced  outside  of  a

preferred periocl, under  the 12L-12D  regime,  the  plants tended  to initiate the

c}luster  )z in the  preferrecl period oS'  slightly  more  than  one  day  later, contrarily,

under  rhe  24L-OD  regime,  in t'he period slightly  lcss than  one  day  later (1;ig. 3B
and  E) ; 3) If both cluster  n--l  and  n  were  initiated outsidc  of  two  preferred periods,
the interva] varied  widely  under  both regimes,  but tended  to 1)c longer than  one

day under  the l2L-l2D  but shorter  than  Qne  day under  the 24L-OD  reglme  (Fig.
3C  and  F). The  described phenomena  can  also  be noticcd  in Fig. 4, by finding
a  cluster  initiated in one  of  the  shaded  areas,  the  pr¢ ferred periods, and  reading

the number  in parentheses, the plastochron int¢ rval  to the  next  younger  cluster;

or  by  finding a  clustcr  outside  of  the shaded  areas  and  reading  the  number.

    Table 3 shows  that  when  the rhizome  elongated  at  a  fairly constant  rate  (i.e.,
S.E. of  elengation  rates  being less than  5%  of  their mean),  the  variation  of  I.C.L.
was  mostly  cerrelated  with  the variation  of  thc plastochron intervals (thrcc among

fbur correlations  showing  significant  correlatiQn).  When  the  rhizome  elongation

varies  it$ rate  (i,e., S,E, greater than  50/, ot  the mean),  the correlation  was  either

significant  or  not  significant,  However,  in no  case  was  the  by. value  very  close

te zero  (i.e., a  variable  p]astochron interval with  a  constant  I.(].L. was  not  found) ;
actually  the  1),. values  were  high in some  cases.  Thcse facts suggest  that  an  apjcal

area  of  the  rhizome,  which  is at  a  certain  distance from the  most  recently  formed
clu$ter,  was  not  a  signal  for initiating a  new  clust ¢ r.
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                                Table 3

.... -.". 
Cttr-,.i.e.t.i12,lz.n

 .b.fi(tveen .e'.-t-er:r.h.igoid cluster  length andplastochron  intervat

  Rate of
 
rhizomc

 .... .m-... ?.la.stochron'I7fi't-c{Yiel/ 

'J'
 

'
 ...

    elongation  (S.E. of  interval)< (S.E. of  intcrval)>

..--..L--..... ..--..  (910..g 
Oi.II.}TEIi.n".).F.ervali........

 . (O.05 of  mcan  intervai)

(S.E, ofrate)  -/.. A) rNlo planE
(e.05 of  mean  ratc)

 (S.E.oi'r'ate).> C) 121r12'D  

'
 24I.-OD

 (O,05 
e['
 
mean

 
rate)

 ,=o.  4go(1)a r=O,  264<2)"

               (gli.L'J.i.8%g?O) (b,;;:I,glg;?)

a

 co-rr-tiA'{ion c-c-e'ft{cienl'i-6io' wE'd"'6y  nu}II6e'  r''of  plants
b
 Corrclation is significant  at  5?,6 level.

C

 Cerrelatien is highly significant  at  19'o level,

    B) 12L-l2D

    r=O.59s(2)a,b

    (g:;i.gizg4)
     O. 158(1) 

a

   (B;c:.i.6ig:i)
            t tt tttttt

   D)      12Lu12D

    r---  O. 622(1)a

    (Bl::..:ig2g)
     O.271(4)a

   (B;; :. i--6i ::i)
in parenthescs.

t ttt ttt

88i

   24 L-o i5' 

"="

 r=O.777(2)a,c

(:l'll 69b:gO)
  O.775(2)a,c

(?l･::.P:8?g)   '"

 S,'Ll6'b'
 r±O.808(1)a,c

(,b:::gle,ga)
  O.65s(2)a,b

(gl:i.g[:gs)

                              Discussion

    Contrary to the  response  of  increasing the rate  of  elengation  macle  by the

rhizome  Lo continuous  illuniination reported  by  Chen  (4), the  rhizoid  mair]tained

a  constant  rate  (8.I mm/day)  of  elongation  under  both  the  12L-l2D  and  24L-OD
regimes  (Table 1). 

rThe

 rate  was  higher than  the  one  (5.2 mmlday)  rcported  by
C'hen altd  Jacobs (1) under  similar  experinienta]  condition,  but same  a$  the onc

(8.1 mm,lday)  observcd  by  Mishra  and  Keffbrd C3> under  400 ft. c,  of  l2L-l2D
regime,  Under  either  12L-I2D or  24LOD,  the  plants had  a  tendency  to procluce
the  cluster  within  two  specific  periods of  day, 0400-0900 hr and  l800-2100hr

(Fig. 1), and  at  certain  place on  the rhizome,  I.1-1.9mm  (Table 1) from  the

rhizome  tip. Furthermore,  the  presumptive time  ancl  site  of  initiation pcrsistcd
irrespective of  the differences in the times  of  light being turned  on  and  ofi  sincc

both in this experiment,  where  light was  on  at  0900  hr and  ofii  at  210e hr, and  in
the ptevious work  (Fig. 6 of  Chen  and  Jacobs (1) ), ivhere  the on  and  off  were

at  0600 hr and  1800 hr, the similar  two  peaks and  the site  of  initlation were  ob-

seTved.

    The  planls not  oniy  were  able  to perceive these  preferred periods fbr the

cluster  initiation, but also  inclined to adiust  the  initiation time  of  cluster  n to be
in one  of  these periods, in case  the  eluster  n-1  was  initiated outside  of  the  periods
(Fig. 3 and  4). Once  a  cluster  was  produced  in one  of  thc periods, the plants
tended  to produce the  tb]loi-fing' clus'ters  within  the p¢ riods  (Fig, 4), The
mechanism  of  the adjustment  under  one  regime  however was  diflerent from  under

other  regime:  under  12L-12D regime,  increasing plastochron interval to slightly

lenger than  one  day, but under  24L-OD regime,  slightly  shorter  than  one  day.
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youngest cluster;  3) the  time  for the younge$t  cluster  to reach  a  certain  length;
and  4) the  time  for the youngest cluster  to reach  a  certain  R,P.I. (4, 6) value.

The  fo11owin.crs are  supporting  cvidences:  I) The  histegrams of  Fig. 2 show  wide

variation  of  the  plastochron intervals, the  intervals being shorter  under  the 24,L-
OD  and  longer under  the  l2L-12D regime.  2) In Table 3 no  byx value  is close

to zero,  i.e., I.C.L. in every  dase shows  wide  variation,  3) Chen  (4) reported  that,

on  the  average,  under  the  12L-12D  regime  a  new  cluster  was  initiated at  -O.82

R.P.I. and  under  24L-0D,  at  
-O.99

 R,P.I. At  
-O.99

 R.P.I., the  youngest cluster

was  only  slightly  longer than  7.5mm  (the reference  length of  the  plastochron
index); but at  --O,82 R.P,I. it was  distinctively longer than  7.5 mm,  i.e., abeut

10 rnm  long (Fig. 5A, broken  line (24L-OD) vs. solid  line (12L-12D) of  schematic
diagram  and  the  actual  plot of' Fig. 2 in Chen  (4) ). 4> Similarly, various  R.P,I.
values  were  observed  at  thc time  of  cluster  initiation by Chen  (4, Table 2).
[I'heoretically, the only  way  to have the  event  of  the  c]uster  initiation occur  at  a

certain  constant  R,P.I. value  under  diflbrent environments  is: a)  maintaining  the
same  slope  and  interval of  the  plots of  clustcr  length vs.  time;  or  b) changing  both
the  slope  and  intervai of  the  plots as  shown  in Fig. 5B  (solid line vs. broken  line).
However, Caule?Pa protijbra responded  to the  chan.cre  in Mumination, from  th-a.. 12L-
12D  to 24L-OD regimes,  by shortening  the  interval while  maintaining  the samc)

slope.  Naturally, the  observed  length of  the  youngest cluster  and  thc  R.P.I.

value  at  the time  of  nei･v  cluster  initiation under  12L-12D  regime  were  diflbrent
fr.om those  under  24L-OD  regirr].e  (Fig. 5A, solid  line vs.  broken  line). The  above

rnentionecl  variations  (variations of  the  plastochron interval, I,C.L., the length
of  thc youngest cluster,  and  R.P.I.) rather,  were  probably  the  result  of' the  plants
being able  to perceive thcsc  preferred periods under  both  regimes  and  to  adjust

the initiation to be in one  ofthese  periods. I"his suggested  that  !Jnder  both reg:,mes,

the  plants possessed both a  kind Qf  biolegical clock  which  facilitated the perccption
of  the preferred periods, and  a  free-running cycle  which  was  longer than  one  day
under  the I2L-12D and  shortcr  than  one  day under  the 24L-OD  regime.  [I]he
!onger or  shorter  free-running cycle  respectively  resulted  a  phase deiay or  phase
advance  under  either  regime,  The  clock  with  which  the  plants judged the  pre-
ferred periods could  be an  endog ¢ nous  one,  or  could  be the  one  entrained  by some
subtle  environmental  factor other  than  light. Since the  plants were  able  to  perceive
the  preferred periods under  both regimes  and  the ability  of  the  perception persisted
irrespective of  the differences in times  of  light being turned  on  and  off  under  I2L-
12D  regime,  The  phenomeon  ofphase  shifting  in the frce-running could  bc related

to the  model  of  entrainment  developed by Pittendrigh and  Minis (8). According
to their model,  the  phase ofa  free-running rhythm  shifts  (delay or  advance)  respect

to a  periedic environmental  si.ffnal until  the signal  is so  positioned that  its tirrie

of  administration  compensates  for the diflbrence between the period of  firee-running
and  the  period of  thc signal.

    Alt'hough the plants were  not  returned  to  the  l2L-12D  regime  after  continuous

iliumination, the reduction  of  plastochron interval under  24L-OD  was  nQt  due
to an  aging  eflbct. Because the plants subjected  to the  12L-l2D  (200 ft. c.) regime

for 23 days in the previous work  (Fig. 1 of  (1) ) dld not  reduce  their interval and

even  under  both  regimes  of  the present work  the S.E, of  the intervals were  relativcly

small  (Tablc 2), Dowes  and  Barilotti (9) reported  the  rhythmic  migration  ef
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chloroplasts  in C. Progijkra undcr  12L-12D regime,  and  that the rhythm  damped
out  rapidly  incontinuous light and  gradually in continuous  darkness. This means

that  either  the mechanism  of  perception of  time  observed  in the present study  is
not  linked to the  rhythmic  migration,  er  somehow  the migration  requires  alterna-

tion  of  ]ight and  dark  period.
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