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ABSTRACT: Young, crustose plants of Dumontia contorta grown in the laboratory from carpospores 
were transferred in September 1983 to their natural habitat in Lake Grevelingen (SW Netherlands). 
The number of upright fronds per crust, length of upright fronds, and diameter of crusts were 
determined monthly until October 1984 and the presence of tetrasporangia was noted. Although 
fronds were initiated from crusts throughout the period of short daylengths (< 13 h hght per day, i.e. 
from September to March), the majority of the fronds was initiated in October and November when 
short daylengths coincided with optimum temperatures for frond initiation (ca 10-20 ~ By April, 
i.e. within 5-6 months, these plants had reached maximum sizes and had become fertile; subse- 
quently, the plants decayed. The successively smaller numbers of fronds that were formed in 
December and January also reached maximum sizes after ca 5-6 months, i.e. by May and June, but 
these fronds remained much smaller than the fronds initiated in October-November,  possibly 
because of lower temperatures and light levels at the start of their growth. It is suggested that the 
fronds have a fixed maturation period (ca 5-6 months) irrespectiye of their size and the moment of 
their initiation. Crusts were shown to "oversummer" and to produce new fronds at the onset of short- 
day conditions in September 1984. 

I N T R O D U C T I O N  

Dumontia contorta (S. G. Gmehn} R u p r e c h t  has  a life h is tory  in w h i c h  m a l e  and  

f e m a l e  g a m e t o p h y t e s  a l t e rna t e  wi th  morpho log i ca l l y  s imilar  t e t r a sporophy tes .  Both the  

g a m e t o p h y t i c  and  t e t r a sporophy t i c  p lants  consis t  of smal l  c rus tose  holdfas ts  f rom wh ich  
one  or seve ra l  up r igh t  f ronds  arise {Rietema & Klein, 1981; R ie tema ,  1984; Wi lce  & Davis,  

1984}. The  u p r i g h t  f ronds form the  r e p r o d u c t i v e  s t ructures .  T h e  fo rmat ion  of ini t ia ls  of the  

up r igh t  f ronds f rom the  crusts  has  b e e n  s h o w n  to be  a sho r t -day  effect  w i t h  a crit ical  
d a y l e n g t h  of abou t  12-13 h a n d  can  t a k e  p l a c e  in a b road  t e m p e r a t u r e  r a n g e  of abou t  

4 - 1 8  ~ E igh t  s t ra ins  f rom var ious  local i t ies  a r o u n d  the  N At lan t ic  O c e a n  e x h i b i t e d  only 

minor  d i f fe rences  in the i r  t e m p e r a t u r e - d a y l e n g t h  r e s p o n s e s  a n d  these  cou ld  not  be  
r e l a t ed  to d i f fe rences  in la t i tude  (Rie tema & Klein, 1981; Rie tema,  1982, R i e t e m a  & 

B r e e m a n ,  1982; R i e t e m a  & v a n  d e n  Hoek ,  1984}. T h e  t e m p e r a t u r e  r a n g e  is also s imi lar  for 

all  e i gh t  strains:  the  u p p e r  l e tha l  t e m p e r a t u r e  is abou t  25 ~  a n d  a t e m p e r a t u r e  as  l ow as 
0 ~ can  be  surv ived .  T h e s e  t e m p e r a t u r e  r e s p o n s e s  can  exp l a in  t he  g e o g r a p h i c  dis t r ibu-  
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tion of D. contorta along the t empera t e  shores of the N Atlantic Ocean  (van den  Hoek,  
1982; Rie tema & van den  Hoek,  1984). 

Throughout  its geograph ic  range,. D. contorta behaves  as a win te r - sp r ing  annual ;  
upr ight  fronds a p p e a r  in au tumn or winter,  acl~ieving maximum d e v e l o p m e n t  dur ing  the 
win ter -spr ing  period.  In spr ing or ear ly summer  D. contorta becomes  fert i le and  d isap-  
pears ,  or only res idual  popula t ions  remain  (Rosenvinge, 1909; Dunn, 1917; den  Hartog,  
1959; Kilar & Mathieson,  1978; Irvine, 1983; Klein, 1987). Al though this ma x imum 
deve lopmen t  of upr igh t  p lants  ag rees  with the supposit ion that  they are in i t ia ted  dur ing  
the per iod  with short days  (September  to March), the precise  course, and  the causes  of 
their  growth and deve lopmen t  into fertile plants  in nature  are not ye t  wel l  known.  

The p resen t  s tudy in tends  to trace,  as precisely as possible,  the init iation,  the  growth 

and  deve lopmen t  of upr ight  D. contorta te t rasporophyt ic  fronds in a na tu ra l  locali ty of 
this species,  and  to re t race  the role of photoperiod,  t empera tu re  and poss ib le  o ther  factors 
in the  regula t ion  of these  phenomena .  

MATERIAL AND METHODS 

Exper iments  were  conduc ted  in the  saline Lake Greve l ingen  (SW Nether lands) ,  in 
which  t idal  f luctuations of the wa te r  level  are lacking  (for further detai ls  abou t  this l ake  
see  Bannink et  al., 1984). At  var ious  sites a long the shores of Lake  Greve l ingen ,  
Dumontia contorta is common at depths  of 0.5-1.5 m. 

Fert i le  carposporophyt ic  p lants  kep t  in unia lgal  cultures, der ived  from mater ia l  
or iginal ly  growing  in Lake  Grevel ingen,  p roduced  carpospores  which were  s e e d e d  on 25 
x 25 m m  glass squares.  On these  glass squares  the spores deve loped  fur ther  into crusts. 
Cul ture  methods  are  descr ibed  in detai l  by Rietema & Klein (1981) and Rie tema (1982). 
The  glass squares  with growing spores  were  kep t  for the first 5 weeks  at 12 ~ and  la ter  at 
5 ~ long-day  condit ions (16 h fight, 8 h dark;  l ight intensity:  40 btEm-2s -1) in pet r i  d ishes  
conta in ing  Provasoli 's  enr iched seawater .  Under  these  conditions no upr igh t  fronds are 
formed. Before the glass squares  were  t ransferred to the field, the n u m b e r  of crusts on 
each  square  was r educed  to 6-10 so that  the dis tances  be tween  the crusts (initially about  
1.5 m m  diameter)  were  large enough  to allow growth in diameter .  Three  sets of e ight  
glass squares  were  moun ted  in PVC holders  which were  bol ted  to pav ing  t i les p l aced  in 
Lake  Greve l ingen  at depths  of 0.5, 1.5, and  2.5 m. Natura l  populat ions  of D. contorta are  
found in these  dep th  zones,  especia l ly  at 0.5 m. This method  is a modif icat ion of the one 
used  by  Roeteveld et  ah (1974) and  Dion & Del~pine (1983). 

Once  a month the crusts on the glass squares  were  examined  u n d e r  a b inocular  
dissect ion microscope in order  to de te rmine  the d iamete r  of the crusts, the  n u m b e r  of 
fronds on the crusts, the length  of these  fronds and  their  reproduct ive  status. For this 
pu rpose  the PVC holders  with the glass squares  were  loosened from the tiles and  
t ranspor ted  under  wa te r  at ambien t  t empera tu res  to the nea rby  Del ta  Inst i tute for 
Hydrobio logica l  Research (DIHO) at Yerseke.  After examinat ion the p lants  were  b rough t  
back  to their  f ield sites. This p rocedure  never  took more than  30 h. At the  l abora to ry  the  
a lgae  were  kep t  in an oysterpond.  We tr ied to follow individual  crusts and  upr igh t  fronds. 
However ,  somet imes crusts and  upr igh t  fronds d i sappeared .  These  were  r e p l a c e d  by  
other  crusts or upr ights  growing on the glass squares  in order  to main ta in  a r easonab le  
n u m b e r  for statistics. 
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At the start of the experiments (12 September  1983) the three PVC-holders with glass 
squares bear ing  a total of 195 crusts were transferred to the different depths ment ioned  
above. In addition, 12 glass squares with cru~ts were kept  in stock in nutr ient-poor 
cultures (5 ~ long-day conditions, 40 ~Em-2s-1). Of these, three were transferred to the 
field at a depth of 0.5 m on 19 January  1984, three on 16 February 1984, and  six on 12 
April 1984 to a depth of 0.5 m. Three of the last six squares had been  kept  in culture under  
short-day conditions (8 h light, 16 h dark), 40 ~Em-2s -1 and  at 5 ~ for 4 weeks (i.e. 
conditions ini t iat ing upright  fronds). These 12 additional glass squares with crusts were 
mounted  in a fourth PVC-holder. 

RESULTS 

In i t i a t i on  of u p r i g h t  f ronds  f rom crus t s  

One month  after the start of the exper iment  (i.e. October 1983) most crusts were 
bear ing  frond initials and even a few small uprights, the longest  of which were I0" ram, 13 
mm and  8 mm at depths of 0.5 m, 1.5 m, and  2.5 m, respectively. Although the majority of 
fronds were init iated in the first two months, new fronds cont inued to be init iated in the 
following months and the last ones appeared in March 1984. The number  of fronds per 
crust increased rapidly from September to November  reaching roughly a constant  level of 
about  10 fronds per crust at 0.5 m, about 4 fronds per crust at 1.5 m, and 1.5 to 2 fronds per 
crust at 2.5 m (Fig. 1). After April there was a sharp decline in the n u m b e r  of fronds per 
crust and all traces (even basal  remnants) of fronds had disappeared by August  1984. 
Only some crusts transferred to the field in September  1983 at 1.5 and 2.5 m "oversum, 
mered" and started to give off new fronds again in October 1984 (Fig. 1). The crusts at 0.5 
m had disappeared in August. 

Sets of crusts transferred to the field in January,  February and April 1984 (at 0.5 m 
only) were much less successful than crusts deposited in September  1983 (Fig. 1). Many 
crusts died, especially the April deposits. Surviving crusts of the January  set and  the 
February set started to produce a few upright  fronds after a delay of two months, Of the 
April set only the crusts precultured under  short-day conditions formed a few fronds. 

G r o w t h  of u p r i g h t  f ronds  

Length of the upright fronds increased considerably and  growth was almost expo- 
nent ia l  in the period October 1983-March 1984. This is shown in Figure 2 which depicts 
the average frond lengths with time, and even more clearly in Figure 3 which illustrates 
separately the growth of fronds initiated in October (Fig. 3a), November  (Fig. 3b) and the 
following months  on crusts placed into the field in  September  1983. 

Fronds on crusts placed in the field in September  1983, general ly reached their 
maximum lengths in April 1984 (Fig. 2) together with the formation of tetraspores and 
their subsequent  basipetal  decay. However, as shown in Figure 3 this picture is caused by 
the predominance  of fronds that were init iated in  October 1983, reached their maximum 
lengths in March/April  after which they started to decay (Fig. 3a). Fronds init iated in 
November  reached their maximum lengths by Apri l /May (Fig. 3b); fronds init iated in 
December  reached their maximum lengths by June.  The few fronds init iated in February 
and March, at 1.5 m depth, continued to grow unti l  June  after which they disappeared. 
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Fig. 1. Dumontia contorta. M e a n  number  of upr ight  f ronds per  crust in the course of the experiments. 
In September 1983 the crusts were t ransferred to three d i f ferent  depths: 0.5 m (in September '83 n = 
65, f rom October '83 to Apr i l  ' 84 :23  < n < 29, f rom M a y  '84 to July ' 8 4 : 6  < n < 14), 1.5 m (in 
September '83 n = 65, f rom October '83 to September '84:21 < n < 31, in  October '84 n = 8) and 
2.5 m (in September '83 n = 65, f rom October '83 to Apr i l  '84:20 < n < 32, f rom M a y  '84 to October 
'84:10 < n < 25). In January (8 < n < 43), February (12 < n < 43), and Apr i l  (3 < n < 25) the crusts 
were  only t ransferred to 0,5 m depth. April-init.: crusts (3 < h < 31) precul tured  u n d e r  shor t -day 

conditions. Bars indicate s tandard  errors 

These  plants  were  never  observed  fertile. However ,  the absolute  lengths  of fronds 
in i t ia ted in the coldest  months r ema ined  far be low those in i t ia ted in wa rmer  au tumn-  
months.  

The fronds in i t ia ted  on the crusts, t ransfer red  to the field in January ,  F e b r u a r y  and  
April,  showed  a much  r educed  growth  (Fig. 2). 

G r o w t h  a n d  f a t e  of  c rus t s  

Crusts t ransferred to the field in Sep tember  immedia t e ly  s tar ted to grow in diameter .  
Crusts at shal low depths  (0.5 m) showed  the fastest  growth rate,  and  the d e e p e s t  crusts 
(2.5 m) g rew slowest  (Fig. 4). Diamete r  increase  was  fastest  dur ing  the first month  in the 
field and  s lowed down thereafter .  

Crusts t ransferred to the field in January ,  Feb rua ry  and Apri l  1984 suffered severe ly  
and  it took the surviving ones about  two months before  they r e sumed  growth  which  was 
then  rapid,  having  an exponent ia l  phase  in the crusts t ransferred into the  field in J anua ry  
and  February .  
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Fig. 2. Dumontia contorta. Mean length of upright fronds in the course of the experiments on crusts 
transferred in September to three different depths: 0.5 m (11 < n < 83), 1.5 m (8 < n < 101) and 
2.5 m (5 < n < 66). In January (2 < n < 6), February (3 < n < 15) the crusts were only transferred to 
0.5 m depth together with the crusts from April (1 < n < 5) whicl~ were precultured under short-day 

conditions. Bars indicate standard errors 

S o m e  o b s e r v a t i o n s  o n  e n v i r o n m e n t a l  s t r e s s  a n d  d i s t u r b a n c e  

In the  course  of the  expe r imen t s ,  s o m e  crusts b e a r i n g  upr igh t s  w e r e  lost  f rom the  

glass  squares .  N e m a t o d e s  w e r e  o b s e r v e d  on and  u n d e r  e v e r y  crust  a n d  t h e s e  an ima l s  

w e r e  poss ib ly  r e spons ib l e  for the  l o o s e n i n g  of the  crusts.  In addi t ion,  w a v e  ac t ion  m a y  
h a v e  c a u s e d  l o o s e n i n g  a n d / o r  r e m o v a l  of the  crusts. This  m a y  also h a v e  r e su l t ed  in the  

r e m o v a l  of f ronds {with or w i thou t  a t t a c h e d  crusts} in w in t e r  a n d  spr ing.  Var ious  

i n v e r t e b r a t e s  (e.g. Microdeutopus gryllotalpa A. Costa,  Corophium insidiosum Crawford ,  

Platynereis dumerfli A u d o u i n  a n d  Mi lne  E d w a r d s  a n d  Harmothoe imbricata L.) w e r e  
o b s e r v e d  to use  the  f ronds as bu i l d ing  ma te r i a l  for the i r  dwel l ings .  

In the  course  of sp r ing  and  in s u m m e r  the  r ecen t ly  i n t r o d u c e d  b r o w n  a l g a  Sargassum 
muticum (Yendo) Fensho l t  d e v e l o p e d  d e n s e  s tands  a long  the  sho re s  of Lake  G r e -  
ve l i ngen .  T h e s e  s tands  h a d  d i s a p p e a r e d  at the  b e g i n n i n g  of S e p t e m b e r  1984. Espec ia l ly  

Dumontia contorta t ransp lan ts  at 0.5 m suf fe red  f rom Sargassum, in c o n s e q u e n c e  of a 

v e r y  low l ight  p e n e t r a t i o n  b e l o w  the  canopy.  T h e  a lmos t  c o m p l e t e  d i s a p p e a r a n c e  of  D. 
contorta crusts  and  fronds, du r ing  A p r i l - M a y  at the  0.5 m site, was  p r o b a b l y  a resul t  of the  

s e v e r e  s h a d i n g  by  S. muticum. At 1.5 and  2.5 m depth ,  w h e r e  Sargassum w a s  m u c h  m o r e  

sca t te red ,  8 a n d  11 (out of 65) crusts, r espec t ive ly ,  su rv ived  the  s u m m e r  a n d  w e r e  still 

p r e s e n t  in O c t o b e r  1984 w h e n  t h e y  g a v e  rise aga in  to n e w  up r igh t  f ronds  (Fig. 1). 
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Fig. 3. Dumont ia  contorta. Mean lengths of fronds on crusts transferred to the field in September 
1983 to a depth of 0.5 m (solid line), 1.5 m (long dashed line) and 2.5 m (short dashed line) initiated in 
consecutive months. Fig. 3a. Fronds initiated in October (from October '83 to April '84:36 < n < 161, 
from April '84 to May '84:15 < n < 25 and in July n = 2). Fig. 3b. Fronds initiated in November  (from 
November '83 to April '84:3 < n < 7 and thereafter 1 < n < 5}. Fig. 3c. Dumont ia  contorta. Fronds 
initiated in Decembe~ (1 < n < 6). Fig. 3d. Fronds initiated in January (1 < n < 3). Fig. 3e. Fronds 
initiated in February (1 < n < 5). Fig. 3f. Fronds initiated in March (1 < n < 12). Bars indicate 

standard errors 

D I S C U S S I O N  

A c c o r d i n g  to R i e t e m a  (1982), the  fo rmat ion  in D u m o n t i a  c o n t o r t a  of u p r i g h t  f ronds 

f rom crusts i nvo lves  two  s e p a r a t e  steps:  (1) fo rmat ion  of f rond  initials,  (2) fur ther  

d e v e l o p m e n t  of t he se  init ials  into y o u n g  fronds.  T h e  first s tep is t r i g g e r e d  by  short  

pho tope r iods  (< 13 h) a lone,  whi l s t  t he  s e c o n d  s tep is b r o u g h t  abou t  by  shor t  pho to -  
pe r iods  in con junc t ion  wi th  a t e m p e r a t u r e  b e l o w  20 ~ In t he  p r e s e n t  study,  t he  in i t ia t ion 

of f ronds f rom crusts  is r e f l ec t ed  by  the  n u m b e r  of f ronds  p e r  crust  (Fig. 1) a n d  this 
p a r a m e t e r  can  t he re fo re  be  e x p e c t e d  to re f lec t  bo th  t he  i n f luence  of p h o t o p e r i o d  and  

t empe ra tu r e .  

With  r e g a r d  to the  in f luence  of day l eng th ,  w e  e x p e c t e d  in i t ia t ion of f ronds  f rom 

crusts  to t ake  p l ace  b e t w e e n  m i d - S e p t e m b e r  and  m i d - M a r c h  w h e n  d a y l e n g t h  ( b e t w e e n  

sunr ise  and  sunse t  p lus  civil  twihght )  is less  t h a n  13 h, the  cri t ical  d a y l e n g t h  (see h o w e v e r  
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Fig. 4, Dumontia contorta. Mean diameter of crusts transferred to different depths and on different 
dates as mentioned in the legend of Fig. 1 (for n see legend of Fig. 1). 

the discussion in Breeman  et al. [1984] on "effective daylength") .  This expec ta t ion  is 
c lear ly suppor ted  by  the results  of the present  field study. Fronds  are  in i t ia ted  on crusts 
t ransferred to the  field in September ,  January ,  Februa ry  and  on p r e t r e a t e d  crusts 
t ransferred to the field in Apri l  (Pig. 1) but  not on non-pre t rea ted  crusts t ransfer red  to the 
field in April. Also crusts t ransferred to the field in Sep t ember  cont inue to give off new 
fronds until  March  (Fig. 3f) but  not in April. High t empera tu re  could not  be  expec ted  in 
the per iod of invest igat ion to block init iat ion of upr ights  completely,  as it was  a lways  
lower than 20 ~ in the per iod  Sep tember -March  {Fig. 5}. However ,  the  pe r iod  of 
opt imum tempera tu res  for upr ight  thal lus formation (i.e. 10-20 ~ Rie tema & Breeman,  
1982}, coinciding with short days,  is hmi ted  to au tumn (September  to ear ly November}.  
Consequent ly ,  max imum initiation of fronds from crusts would  be  expec t ed  in early 
autumn;  this was actual ly  the case (Pig. 1). After November ,  the  number  of fronds pe r  
crust hardly increased.  New fronds were  still be ing  formed, but  they  r e p l a c e d  fronds 
which had  d i sappeared .  This is in contrast  with observat ions  in Brittany. Here  the  total  
number  of upr ights  per  crust inc reased  up to February  {Klein, 1987). 

The bu lk  of the fronds which consti tute the spr ing flush of D. contorta is appa ren t ly  
in i t ia ted in the p reced ing  ear ly au tumn (October). In autumn,  the  fronds are  still tiny 
(only a few m m  high) but  their  exponent ia l  growth (approximate ly  one doubhng /month ;  
see Fig. 3a) ensures  that  they  reach  their  adul t  l ength  (up to 34.5 cm) in ear ly  spr ing 
(April} within a per iod  of about  5 -6  months.  These  large,  adul t  p lants  usual ly  become  
fertile (they form tetraspores)  and  decay  after shedd ing  of the spores  from their  tips 
downwards  until  the  last  basa l  s tumps d i sappea r  in summer.  

Interest ingly,  the progress ively  smaller  number  of fronds in i t ia ted  in la te r  months  
(November,  December ,  January;  Figs 3b-d)  also need  a per iod  of about  5-6  months  to 
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Fig. 5. Water temperature, total phosphorus and nitrate concentrations in Lake Grevelingen in the 
experimental period (data from DIHO) 

reach their max imum length. These are, however, progressively shorter at reproductive 
maturity than the fronds init iated earlier. Similarly, the ' lengths  of the fronds init iated in 
February and  March (Figs 3e, f) are extremely small before senescence.  The cause of this 
difference might  be  the higher growth rate of the young fronds in early au tumn,  possibly 
by a combinat ion of higher temperatures  and light levels. This is confirmed by the fact 
that the growth rate of the fronds at 0.5 m is higher than that of the fronds at 1.5 and  2.5 
m, which indicates that their growth is light limited. The optimum temperature  for growth 
of macrothalli is ca 16 ~ (Fortes & Lfining, 1980; Rietema, 1982). 

The overall phenology of D. contorta fronds (cf. Fig. 2) suggests the existence of an 
external cause for the end  of the Dumont ia  flush in April. The most likely cause would 
seem to be the almost complete deplet ion of nitrates and/or phosphates in April {Fig. 5). 
This nutr ient  deplet ion reflects the nutr ient  needs  of the spring bloom of p lanktonic  and 
benthic algae. According to this interpretation, nutr ient  depletion would be the cause of 
the cessation of growth of the Dumont ia  fronds, possibly also of their becoming  reproduc- 
tive and the reason for their subsequent  decay. However, when  considering the growth 
and development  of the decreasing numbers  of fronds which are ini t iated later  on in 
au tumn and winter, these have life spans of ca. 5-6 months which are similar to those of 
the earhest init iated fronds. They reach their maximum sizes as late as May or June  
(Figs 3c, 3d) w h e n  the ambien t  nut r ient  concentrations are at their lowest levels (Fig. 5). 
Possibly these low nutr ient  levels are responsible for the smaller maximum sizes of these 
fronds. It is, however,  unl ikely  that the low nutr ient  levels are the direct cause of the 
reproduction and  subsequent  decay of the bulk  of the D. contorta fronds in April. More 
probably, the massive induct ion of fronds from crusts in early au tumn  by a combinat ion  of 
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short  days  and h igh  au tumnal  t empera tu re  ensures  an almost  precise  timing, in April, of 
the  max imum frond biomass  and  consequent ly  of max imum reproduction.  In this way, 
D. contorta profits by  the high nutr ient  levels ' in ear ly spr ing and does not  have  to 
compete  with other  benthic  a lgae  in Lake Greve l ingen  which display a ma x imum 
deve lopmen t  la te r  in the season. In this context  it is in teres t ing that  the recent ly  
in t roduced  Sargassum muticum seems  to cause  the complete  d i sappea rance  of D. 
contorta inc luding its crust from the 0.5 m sites. Here  it reappears ,  however,  in the per iod  
of absence  of Sargassum (Sep tember -May) .  

Recently, the  b looming of the D. contorta fronds in spr ing and its wi thdrawal  into 
crusts in summer  was in te rpre ted  as a s t ra tegy to avoid grazing by  per iwinkles  (Littorina 
fitorea L.) which  are par t icular ly  active in summer  (Lubchenco & Cubit, 1980). Crusts 
were  thought  to be  resis tant  to grazing.  However ,  the  dense  populat ions  of L. litorea in 
Lake Greve l ingen  were  not observed  to graze on Dumontia fronds. Other  inver tebra tes  
us ing the fronds for the  construction of dwel l ings  were  much more  destructive.  Accord-  
ingly  we th ink it quite unhke ly  that  the occurrence  of two heteromorphic  life forms in 
both  the gametophyt ic  and  sporophyt ic  s tages  of D. contorta (uprights and  crusts) is 
pr imar i ly  an adap ta t ion  to avoid graz ing  pressure .  

The fronds that  are induced  la ter  in au tumn (on crusts t r ans fe r red  into the  field in 
September)  and  that  reach  their max imum sizes in May  and June  do decay subsequent ly ,  
however ,  often without  becoming  reproduct ive.  In studies on the pheno logy  of na tura l  
D. contorta popula t ions  along the coasts of N e w  Hampsh i re  (Kilar & Mathieson,  1978) 
and  Brittany (Klein, 1987) it was also found that  max imum frond biomass  was  r e a c he d  in 
Apri l  and  dec l ined  af terwards through the decay  of reproduct ive  plants.  A l imited 
number  of essent ia l ly  smaller  plants  survived, however ,  until  July  and these  were  still 
reproduct ive.  Only in Augus t  and  Sep tember  were  uprigh~ fronds entirely lacking.  These  
observat ions  ag ree  with the results  of the p resen t  s tudy apar t  from the summer  fronds 
be ing  reproduct ive:  

At  present ,  one can only hypothes ize  about  the  direct cause  of the reproduct ive  
matura t ion  of the  upr igh t  fronds and  their  subsequen t  decay.  It may  be that  an upr igh t  
frond, once init iated,  needs  a more or less fixed pe r iod  of t ime (5-6 months as sugges t ed  
b y t h e  presen t  field observations) to become reproduct ive,  i r respect ive of its final size. 
Another  possibi l i ty is that  rising temperature ,  l ight  level  or day leng th  in spr ing might  
induce  reproduct ive  structures. However ,  if this were  true then  the critical levels  of these  
pa ramete r s  should be lower for the ear l ier  induced  fronds. So far, the causat ive factors for 
the induct ion of reproduct ion have not been  inves t iga ted  in laboratory.  

There  can b e  not  doubt  that  D. contorta crusts t ransferred in Sep tember  1983 did 
"oversummer"  in 1984 (Fig. 4), and  s tar ted to form upr ight  fronds aga in  in October  1984 
(Fig. 1). This is in accordance  with observat ions on the "oversummering"  function of the 
crusts, made  a l ready  in 1889 by  Reinke (in Brebner,  I895). 
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