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ABSTRACT: The red alga Delessena sanguinea is strongly seasonal, producing gametangia in early 
tetrasporangia in mid- and new blades in late winter. A lamp was installed in the shallow subtidal off 
the Isle of Man, illuminating about 40 plants of Delessena for one hour in the night or day. Single 
blades from separate plants were held in laboratory tanks at different temperatures and in short 
days, long days and with a night-break. In the sea, the night-break prevented fertility in tetras- 
porophytes but some gametophytes became fertile. New blades were stimulated, arising 6 weeks 
early. Their lengths indicated a saturation level of about I0 ~_mol m -2 s -t for one hour in 24. Growth 
rate calculations suggested a delay in stimulation until the ambient sea temperature dropped to 
13 ~ Tetrasporangia were formed after the night-break ceased irl December but not January. In 
day-addition of light there was slight, if any, stimulation of blade production. In the laboratory, 
gametogenesis occurred readily in short days but not in long days or with a night-break. There was 
little or no effect of temperature between 8 and 14 ~ Tetraspores were rarely formed in the 
laboratory. The timing of gametogenesis suggested a critical daylength of about 14 h. New blades 
were clearly stimulated by lower temperatures in the laboratory, few forming at 14 ~ and many at 
7-10 ~ They appeared mainly in long days or with a night-break but formed in short days after 
gametangia production. It is concluded that both gamete and tetraspore production are under 
photoperiodic control but require different conditions, possibly gametogenesis needing fewer cycles. 
There is some evidence for antagonism between new blade and reproductive structure initiation. 
The critical daylength could involve a timing differential of a month over the species' geographical 
range. On the other hand it is suggested that its southern limit could be determined by the winter 
isotherm of 13 ~ warmer than which might not allow blade initiation. 

INTRODUCTION 

Delesseria sanguinea (Huds.) Lamour. is a strongly seasonal  perennia l  subtidal  red 

alga. N e w  blades are apparent  by February and grow to full size by Ju ly  (Kain, 1984). 

Only the midribs of these blades usually survive into au tumn and winter  and these bear  
spermatangia  from September  to December  and cystocarps and te t rasporangia  from 

December  to February or March (Kain, 1982). Clearly this pat tern must  be  t r iggered  by 

environmenta l  factors and its precision sugges ted  that daylength  might  be  one of these. 

In a rev iew of photoperiodism in algae,  Dring (1984) pointed out that  no m e m b e r  of 

the Ceramiales  had yet  been  shown to have  a true photoperiodic response.  As the 
Delesser iaceae  is in this order, the results that  follow should rectify this situation. 

A justifiable criticism level led  at laboratory exper iments  a imed at answer ing  ecologi-  

cal quest ions is that too many of the conditions are artificial and the response of an 

organism is partly condit ioned by factors other than that under  consideration. The  only 

satisfactory solution to these problems is to carry out exper iments  in situ, al ter ing only 
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one factor. Thence  a decis ion was  m a d e  to inf luence subt idal  Delesseria plants  b y  
in t roducing  a day leng th  (in the form of a night-  or l ight-break)  i napprop r i a t e  to the  
season.  This could be  accompl ished  by  instal l ing a l amp in the  sea. Unfortunately,  
t ampe r ing  with  the  other  impor tant  factor, tempera ture ,  in situ was  c lear ly  imprac t icab le .  
Hence ,  l abora tory  exper iments  were  m a d e  to supp lement  those in the  field. 

METHODS 

A lamp was ins ta l led  at  1.2 m be low lowest  as t ronomical  t ide (LAT) on a ver t ical  
concrete  face of a b lock  which was par t  of a ru ined  je t ty  (4~ 54~ ins ide  the  
also ru ined  b r e a k w a t e r  at the  mouth of Port Erin Bay, Isle of Man.  The  l amp  cons is ted  of a 
24-volt 72-watt  tungs ten  ha logen  bulb (a heavy  vehicle  head lamp)  wi th  a pa rabo l i c  
reflector.  It was  housed  in a waterproof  12 m m  thick acrylic case. The  t rans former  was  
also housed  in the  case  which  was suppl ied  with mains  vol tage  b e c a u s e  it was  found that  
the  length  of cable  necessa ry  caused  an  unaccep tab le  power  loss at the  lower  vol tage.  
The  supply  cable  of 90 m length  was 1.5 m m  2 3-core, p ro tec ted  by  b e i n g  e n c a s e d  in 
h e a v y  duty 2.5 cm d iam PVC pipe.  It p a s s e d  th rough  an 0-ring seal  into the  case. The  live 
s ide  was  p ro tec ted  wi th  an  ear th  l e a k a g e  circuit breaker .  For most  of the  t ime,  a smal l  
current  p a s s e d  th rough  a 240 V 15 W bulb  in series w i t h  the  t ransformer.  This  was  
i nadequa t e  to ope ra te  the I00 W transformer  but  the  small  genera t ion  of hea t  p ro tec ted  
the  t ransformer  aga ins t  dampness .  W h e n  the  t ime switch was  on, this bu lb  was  shor ted  
out and  the t ransformer  act ivated,  supply ing  24 V to the lamp. W h e n  this was  on, cur ren t  
also pa s sed  th rough  a 0.5 ohm resistor and  to a l ight  emit t ing d iode  at the  source end  of 
the  cable  which  could only l ight when  the unde rwa te r  l amp was  on: a useful  check,  
par t icular ly  irl rough  weather .  A full descr ipt ion of the  system is ava i lab le  on request .  

The  l ight  output  of the  unde rwa te r  l ight  was  not measu red  in situ bu t  at  n igh t  in a 
seawate r  pond  where  an unde rwa te r  quan tum sensor was he ld  at  a ser ies  of d i s tances  
from it. The  photon  flux densi t ies  were  m e a s u r e d  with a Crump Mode l  550 qua n tum 
mete r  and  va lues  correc ted  after cal ibrat ion aga ins t  a Li-Cor LI-1000 Data logger .  

On the (north-facing) vert ical  face be low and  around the l amp  there  we re  about  40 
plants  of Delesseria as wel l  as occasional  l aminar ian  and smal ler  species.  The  posi t ions of 
the  p lants  were  ske tched  and  dis tance  measu remen t s  made;  most  of t hem were  recognis -  
ab le  on subsequen t  dives though there  were  losses and  addi t ions  each  year .  The  edges  of 
the  l ight  b e a m  were  observed  at n ight  and  marke r s  fixed in the  concrete.  Plants  on the 
eas t - facing side of the  same b lock  and  on boulders  close by  at  the  s ame  d e p t h  were  
obse rved  as controls. For observat ions  on fertility a short  l ength  of midr ib  was  r e move d  
from each plant,  p l aced  in a n u m b e r e d  spec imen  tube,  t aken  to the  l abora to ry  and  
e x a m i n e d  under  a d issec t ing  microscope.  Control  p lants  were  t r ea ted  in the  s a m e  way.  

For labora tory  exper iments ,  p lants  were  col lected b e t w e e n  June  and  Sep tember ,  
w h e n  b lades  had  r eached  almost  their  max imu m size and  before  reproduc t ion  took p lace  
in  the  field. The sites of collection were  on the open  coast  of the  south e n d  of the  Isle of 
M a n  at  2--8 m be low LAT. Single  b lades ,  usual ly  the largest ,  we re  col lected,  e ach  from a 
separa te  plant.  The  b lades  were  held, four in each, in the cl ips-sets  u sed  for Plocamium 
(Kain, 1987). Up to i3  cl ip-sets were  p l aced  in 43 1 of s eawa te r  in each  tank  
(60 x 30 x 30 cm deep)  of b lack  po lye thy lene  he ld  in control led t empe ra tu r e  w a t e r  ba ths  
in l ight-proof rooms. Seawa te r  p u m p e d  dai ly  into s torage and  h e a d e r  t anks  was  f i l tered 
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through polyester wool and  allowed to equilibrate in a tank in the water  bath  at least 
overnight  before receiving plants. It was changed weekly. Twice-weekly a nutr ient  
addit ion of KNO3 and NaHPO4 was made, to give a concentrat ion of 7 ~mol dm -3 N and 
0.7 ~mol dm -3 P. There was continuous aeration through two stones in  each tank. 
Irradiance was supplied by 4 or 8 7-W fluorescent lamps, 3 or 6 green and  I or 2 white. 
These provided about  37 ~mol m -2 s - t  in short days (8:T-g) and  21 i~nol m -2 s - t  in  long days 
(16:8). When  conditions were changed,  care was taken to transfer equal  numbers  of 
"plants" (blades of midribs) from each set of old conditions to each set of ne w  conditions 
so that in  any comparisons the plants '  history was balanced.  

Plants were examined by removing one clip-set at a t ime into a glass dish of 
seawater, swivelling the clips so that they lay almost in one p lane  and  would therefore lie 
on their sides, and viewing the midribs unde r  a stereo microscope us ing photo-optic light 
sources. Both sides of each midrib were completely scanned.  As each clip-set was 
numbered  and the clips were in order on the holder, each midrib was identifiable. 

Unless otherwise stated, the significance of differences be tween  percentages  was 
tested us ing a 2 x 2 test of i ndependence  (G-statistic) {Sokal & Rohlf, 1981). 

Estimates of daylength  in the shallow subtidal region were obtained from chart 
recordings from photocells main ta ined  at 3 m below LAT in Port Erin Bay in 1967-9 (Kain, 
1971). The sensitivity of the system varied be tween  0.2 and  4 ~urnol m -2 s -I. 

RESULTS 

Surface seawater  temperatures  for the sea near  Port Erin (Slinn & Eastham, 1984) 
together with th~ daylength (sunrise to sunset) for 54~ are shown in Figure I. Also 
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Fig. 1. Mean surface sea temperature off Port Erin, Isle of Man (Slinn & Eastham, 1984) (thick line) 
and daylength from sunrise to sunset (with upper rim of the sun apparently at the horizon) for 54 ~ 
(Admiralty, 1955) (thin line). Also shown are daylengths recorded from an underwater cell at 3 m 

below LAT in Port Erin Bay in 1967-1969 (dots) 
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shown a re  hours  pe r  d a y  at 3 m be low LAT w h e n  i r rad iance  was  above  abou t  1 ~mol 
m-2 s--t. 

From 5 S e p t e m b e r  1983 to 4 J anua ry  1984, the unde rwa te r  l amp  was  on  for one hour  
in the  middle  of the n ight  period.  On 20 December ,  it was  observed  tha t  most  of the  
i l lumina ted  plants  had  p roduced  new b lades  (Fig. 2), not normal ly  v is ib le  in na tura l  
popula t ions  before  February .  In January ,  par ts  of the  p lants  were  s a mp le d  a n d  e x a m i n e d  
for reproduct ive  structures (Fig. 2). Of 17 p lants  wi th in  the  b e a m  and  at less  than  1 m from 
the  l amp only one was  fertile (cystocarpic). Of 46 control p lants  s imilar ly  obse rved  27 
were  te t rasporic  and  3 cystocarpic,  a h ighly  signif icant  (P -<0.001) difference.  Ma le  p lants  
a re  not  fertile in J anua ry  (Kain, 1982). One  month  la ter  another  p lan t  nea r  the  e d g e  of the  
b e a m  was  found to be  cystocarpic but  no others  b e c a m e  fertile that  season a l though  they  
were  sub jec ted  to short  days  from mid - Janua ry  unti l  March.  
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o 8 ee'  

Fig. 2. Diagram of the vertical face with the underwater lamp (top) attached, showing the limits of 
the main hght beam (lines). The lamp had caused a night-break from 5 Sept. 1983. Each circle 
represents an attached plant of D e l e s s e r i a . v  = new blades by 20 Dec. 1983. Reproductive structures 

on 24 ./an. 1984: o = none; �9 = cystocarps; crossed circles = tetraspores 

During the fol lowing season the  l amp  was  on somewhat  intermit tent ly ,  b e c a u s e  of 
technica l  difficulties, but  only late  dur ing  the day  or nea r  dusk.  In January ,  ferti l i ty was  
sp read  more or less evenly  amongs t  the  p lants  and  clearly not  in f luenced  by  the b e a m  
from the l amp (Fig. 3). The  ind iv idua l  shown as cystocarpic  in  F igure  2 was  n o w  
apparen t ly  tetrasporic.  Close examina t ion  r evea l ed  a complex  holdfas t  wh ich  could  have  
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been  formed by  two plants.  At this t ime there  were  new b lades  on m a n y  of the 
i l luminated  plants  (Fig. 3). 

In the  1985-6 season the l amp  was on for one hour dur ing dayl ight  from 11 October  
to 29 January.  Aga in  most  plants  were  fertile in January  and about  half bore  n e w  blades .  

/ c 5  o e o 6) 
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Fig. 3. As Figure 2, observed on 2 Jan. 1985, after the lamp had caused day-addition of light 

Dur ing the final season, the n igh t -b reak  was re- introduced,  the  lamp be ing  on from 
20 Augus t  to 12 December  1986. In November ,  there  were  new b lades  on five p lants  close 
to the l amp (Fig. 4). In December ,  there  were  no fertile te t rasporophytes  wi th in  the  b e a m  
(Fig. 4), unl ike  control p lants  in which 23 out of 35 bore  te t rasporangia .  There  were ,  
however ,  severa l  fertile gametophy tes  within the  beam.  Seven w e e k s  after the  l amp  was  
switched off, 17 plants  within the b e a m  bore  b ladele ts  with deve lop ing  t e t r a sporang ia  
(Fig. 5), a lmost  uniformly unripe.  Control te t rasporophytes  and those outs ide  the  beam,  
however ,  had  by  this t ime shed about  half their  tetraspores.  

The  numbers  of p lants  with new blades ,  within the b e a m  from the l amp  and  outs ide 
as controls, are given for various t imes in Table  1. After exposure  to the n i g h t - b r e a k  there  
was clear  s t imulat ion of b lade  production;  after day-addi t ion  of l ight  there  m a y  have  
been  st imulat ion but  the  signif icance is marginal .  

The new b lades  p roduced  in response  to the  n igh t -b reak  in D e c e m b e r  1983 were  
measu red  in situ and  the larges t  on each  p lan t  was plot ted in F igure  6 aga ins t  the  
es t imated  photon  i r radiance  rece ived  from the lamp. In spite of cons iderab le  scat ter  there  
is some ev idence  of the  lowest  i r radiances  resul t ing in smaller  blades ,  bu t  above  about  
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Fig. 4. As Figure 2, blades observed on 21 Nov., reproduction on 12 Dec. 1986 
from 20 Aug. 1986. dotted circles = spermatangia 
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Fig. 5. As Figure 2, observed on 30 Jan. 1987, after natural daylight only from 12 Dec. 1986 
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Table 1. The number of plants of Delesseria within the beam of the underwater light and of control 
plants which bore new blades on the dates shown together with the significance of the difference 

between them. The light was on at night (N) or in the day (D) 

Date Light on In light beam Controls Significance 
With With of difference 

n new blades n new blades P --< 

20. 12.83 N 24 21 20 0 0.000' 
02.01.85 D 29 11 27 2 0.02"" 
12 .01 .86  D 22 11 27 6 0.05 ~ 
21. 11.86 N 38 5 25 0 0.004* 

" Tested according to Sokal & Rohlf (1969, p. 608) 
" '  Tested with G-test of independence 
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Fig. 6. Length of the longest new blade on plants of Delesseria within the beam of the underwater 
lamp on 20 Dec. 1983 plotted against the photon flux density from the lamp for one hour each night 

10 ~tmol m -2 s -t  i r radiance had no effect. This is equivalent  to 36 mmol  m -2 day -t. A 

calculation from the data  of Kain et al. (1976) gives the mean  dayhght  at 3 m I.AT in 

N o v e m b e r / D e c e m b e r  as 583 mmo1-2 day -t. 

In at tempting to estabhsh w h e n  n e w  blades  were  st imulated in the field, measure -  

ments  were  made  of their  growth rate. On a few occasions new blades were  identifiable,  

both in the field and in the laboratory, over  a period of about a month. The  relat ive 
growth rate in length  of each of these blades is plotted against  the m e a n  length  

(calculated using logari thms of the lengths) in Figure 7. As would be expected,  there  was 

a significant (P ---0.05) decrease  in growth rate with size. A regression equa t ion  was used 

to predict  the growth of a new blade from the size of 1.9 mm, the mean  size of b lades  after 
28 days under  laboratory conditions favouring blade production (see later) fol lowing 

culture in non-favouring conditions. The growth curve is plotted in Figure 8, fol lowing a 

p resumed triggering, arbitrarily, at the t ime the lamp was switched on in 1983. 
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Fig. 7. The relative growth rate in length (R L) of single new blades of Delesseria plotted against the 
mean (calculated from the logarithms of the initial and final lengths) of each blade. �9 = in the 

laboratory; o = in the field 
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Fig. 8. The mean of the largest new blade on each plant (calculated from logarithms) in the field in 
the winter, the symbols corresponding to the years shown. Bars: duration of irradiance from 
underwater lamp; stippled: one hour in the night; single hatching: one hour in the day; cross 
hatching: two hours in the day. Filled symbols: within lamp beam; open symbols: not in beam. 
Dotted line: growth of a hypothetical blade arising at time of arrow (see text). 1980 observations from 

Kaln (1984) 

Figure 8 mainly  shows the observed  m e a n  blade  sizes on in situ plants dur ing four 

winter  seasons, re lat ive to the periods w h e n  the lamp was on, toge ther  with data  from 

previous observat ions on Port Erin b reakwate r  (Kain, 1984). Within each  condition, the 

observations from different years agree  quite  closely, n ight -break  blades  reach ing  a 
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Fig. 9. The percentage of blades or midribs bearing spermatangia at different times of year. Filled 
symbols: in the laboratory in short days; open symbols; in the field in natural daylength. �9 = 

Experiment 3; �9 = Experiment 2; [] = 1979; o = 1980; V = i986 

cer ta in  size abou t  6 w e e k s  ear l ie r  than controls. Day  addi t ion  b l ades  were  ba re ly  a h e a d  
of controls, though  in Februa ry  1986 they  were  just  s ignif icantly longer  (Mann-Whi tney  
U-test, P -----0.05). 

The  results  of some of the  t ank  exper iments  carr ied out  dur ing  th ree  successive 
seasons  are  summar ized  in Table  2. With  two except ions  midr ibs  p r o d u c e d  g a m e t a n g i a  
in short  days  only: a n igh t -b reak  was effective in p reven t ing  their  formation.  The  two 
except ions  were  both  b lades  col lected in Sep tember .  

The  t~ning of deve lopmen t  of r ipe spe rma ta ng i a  in Exper iments  2 a n d  3 (10 ~ and  
12~ pooled)  toge the r  wi th  similar  observa t ions  on field mater ia l  is p lo t t ed  in F igure  9. 
There  were  s ignif icant ly (P -<0,005) fewer  midr ibs  with spermat ia  after 35 short  days  in 
Ju ly /Augus t  (Expt. 3) than  after 25 short  days  in Se p t e mbe r /O c tobe r  (Expt. 2). Ripe male  
p lants  were  obse rved  in the field from m i d - S e p t e m b e r  onwards.  

The  pe rcen tages  of the  midr ibs  deve lop ing  ga me ta ng i a  and  n e w  b l a d e s  in  Experi-  
ments  1-5 are  p lot ted  agains t  t empera tu re  in F igures  10 and  11 respect ive ly .  There  was 
no sys temat ic  effect of t empera tu re  on the product ion  of g a m e t a n g i a  (Fig. 10). N e w  b lade  
product ion,  however ,  was  d e a r l y  s t imula ted  at  lower  t empera tu res  (Table 2), par t icular ly  
in long days  or  wi th  a n igh t -b reak  (Fig. 11). In short  days,  some n e w  b lades  d e v e l o p e d  at 
10 ~ after the  product ion of g a m e t a n g i a  (Table 2, Expt. 2, Fig. 11). W h e n  p lan ts  were  
t ransfer red  from short  days  to long days  or n igh t -break ,  n e w  b lades  w e r e  s t imula ted  
(Table 3, Fig. 11). 

The  b l a d e  lengths  p roduced  in Exper iment  1 are  shown in F igure  12. In  short  days,  
even  in the p ro longed  exposure,  no b lades  g r ew  to more than 4 m m  at 14 ~ In long  days  
at  this t empera ture ,  a few did bu t  the major i ty  r ema ined  as ' sp ikes '  of less  than  1 ram. 
Only  at the  lower  t empera tu re  of I0 ~ in long days  d id  most of the  b l ades  e x c e e d  4 ram. 

Te t r a sporang ia  were  obse rved  on p lants  he ld  in the labora tory  only in th ree  instan-  
ces. These  were  on plants  that  had  b e e n  in short  days  for two months.  
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Fig. 10. The percentage  of blades or midribs bear ing gametangia  at different temperatures  in the 
laboratory. Filled symbols: in short days; open symbols: in long days. [] = Experiment  1~ o = 

Experiment 2; v = Experiment 3; o = Experiments 4 & 5 
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Fig. 11. The percentage of midribs bearing new blades at different temperatures  in the  laboratory. 

= Experiment l a  from short days (SD); ~ = Experiment la, from long days (LD); ~ -- 
Experiment 2a, SD to SD; 4~ = Experiment 2a, SD to n ight-break (NB)~ ~ = Experiment  2a, NB to 

SD; ~ = Experiment 5a; others as in fig. 10 
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Fig. 12. The numbers of midribs with the largest new blade in various size classes in Experiment 1 in 
the laboratory. The class below zero is the number with no new blades 

DISCUSSION 

From the field da ta  it is c lear  that  the  n igh t -b reak  afforded by  the l amp  in the  sea  
p r e v e n t e d  (1983--4) or de layed  (1986--7) fertility in te t rasporophytes .  Al though  this resul t  
has not  been  r ep roduced  in the laboratory  there  can be httle doubt  that  te t raspore  
product ion is unde r  photoper iodic  control. From the labora tory  exper iments  it is also clear  
that  game tang ia  product ion is similarly s t imula ted  by  short days  (long nights)  and  
inhibi ted  by  a n igh t -b reak .  

Male  game tang i a  have  been  observed  in the field in m id -Se p t e mbe r  and  it is l ikely 
that  the  less obvious carpogonia  develop  at a similar t ime (Table 2, Expt. 5). The  critical 
day leng th  must  therefore  be  longer  than  12 h; pe rhaps  it is of the order  of 14 h (Fig. 1) if 
t r igger ing begins  in la te-August ,  which seems possible.  This would  expla in  the  two cases 
of fertility in long days  or with a n igh t -b reak  (Table 2). On the other  hand,  sufficient 
cycles  have  not  been  rece ived  by  9 Sep tember  to s t imulate the  vast  major i ty  of plants.  
The faster  deve lopmen t  of game tang ia  in the labora tory  in S e p t e m b e r / O c t o b e r  c o m p a r e d  
with Ju ly /Augus t  (Fig. 9) could be  due  to the b lades  having  gone th rough  some ma tu r ing  
process  or, more  hkely,  to the fact that  they had  a l ready  rece ived  some of the  necessa ry  
n u m b e r  of cycles  in the  sea  before  transfer  to [he laboratory.  

The  popula t ion  of Delesseria inhabi t ing  the western  side of Port Erin b r e a k w a t e r  
showed  a reasonab le  ba lance  b e t w e e e n  the phases  with poss ibly  a s l ightly grea te r  
propor t ion of te t rasporophytes  (Kain, 1982). The other  (exposed) sites from which  labora-  
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tory material was  collected presumably  support a similar balance as up to 40 % of the 
blades developed gametangia  under  short day conditions (Fig. 10). The sheltered site of 
the underwater  light, however,  seemed to favour tetrasporophytes. 

It seems that the requirements for fertility in tetrasporophytes differ from those for 
gametophytes.  Laboratory conditions favoured the latter but not the former. Some plants 
developed garnetangia within the beam of the light creating a night-break in the field 
whereas  tetrasporangia were inhibited. Also, under  natural conditions, te t rasporangia 
develop considerably later than gametangia  (Kaln, 1982). Carpospores and tetraspores 
are both first dehisced in December  but  carposporophyte development  i s p receded  by 
carpogonia 2-3 months earlier. If this involves a difference in time of triggering, rather 
than rate of development,  there are three likely mechanisms. Tetrasporangia might  
require (a) a shorter daylength,  (b) more cycles or (c) a lower temperature than gametan-  
gia. It is difficult to unders tand how one of these might have opera ted  in allowing 
gametangia  and not tetrasporangia to develop near the underwater  light. One possibility 
is, if (b) operates, that stormy conditions might  have rendered the water  highly turbid for 
some days, cutting down the irradiance from the light to below the detectable threshold 
and allowing the required number  of short day cycles for gametogenesis .  

The production of new blades in response to the night-break was a considerable 
surprise. It is unlikely that it was due to there being extra light for photosynthesis  for the 
following reasons. Firstly, the threshold level for the effect was an order of magni tude  
lower even than mid-winter ambient  light levels and certainly much lower than photo- 
synthesis saturation: 50 ~mol m -2 s -1 of continuous light (L~ining, 1979). Secondly, new 
blades can be initiated and grow in the dark (L~ining, 1984a). Thirdly, the day-addit ion of 
light in the sea resulted in only a very slight stimulation of blade initiation and growth. 
Admittedly, th~ timing of the day-addit ion was later than that of the n ight-break but  this 
is unlikely to be the cause of the difference in blade initiation. The increase in lengths of 
blades responding to the night-break closely paralleled the growth of the theoretical 
blade plotted in Figure 8 in spite of the fact that this increase was determined by  two 
observations made  in two different years (1983 and 1986) when  the light was  switched on 
at different times. Also mean  blade size in early January  was very similar in the two day- 
addition years, a l though the timing of the lighting had again been  different. Finally, if the 
observations from laboratory experiments and growth rate determinations are to be 
believed, a blade stimulated when  the light was switched on in 1983 would  have been  
25 mm long before the end of November,  24 days before the plants in the beam in the 
field reached this size. All these facts point to another, combining, tr igger being effective 
in the sea: probably temperature.  The size of the night-break stimulated blades, com- 
bined with the theoretical growth curve (Fig. 8), suggests blade inception at the begin-  
ning of October. The, sea temperature  is then 13 ~ From the laboratory experiments  this 
seems rather high to be  stimulatory to blade production. 

New blades are normally produced at about the time of the shortest day. The 
stimulation of their production by  long days or a night-break both in the laboratory and in 
the sea seems unrelated to the species'  seasonality. However,  in nature occasional plants 
produce a second crop of new blades during the late summer and it is possible that this 
reaction developed as a response maximizing the use of increased irradiance, such as 
might  occur when  a laminarian canopy plant was removed. The normal seasonal  tr igger 
for new blade production is undoubtedly  temperature:  when  this falls new blades are 
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st imulated.  However ,  it is poss ible  that  this s t imulat ion can be  modif ied  by  the deve lop-  
men t  of reproduct ive  structures.  In short  days  in the  laboratory,  new b lades  at  10 ~ were  
de l ayed  until  after game tang ia  had  deve loped  (Table 2, Expt. 2). If the  day-add i t ion  did 
s t imulate  new b lade  product ion in the  field then  the delay, compared  with  the  night-  
b r e a k  effect, could have  b e e n  due  to reproduct ive  structures forming in the  meant ime.  
Fol lowed to its conclusion, this a rgumen t  would  indicate  that  the  n igh t -b reak  in the  sea  
a l lowed new b lade  growth by  prevent ing  reproduct ion,  ra ther  than  be ing  s t imulatory  in 
itself. However ,  this would  indicate  that  13 ~ is the critical t empera tu re  for b l ade  
production.  Also it would  leave  unexp la ined  the  labora tory  observat ions  that  t ransfer  to 
long days  s t imulates  b lade  production,  even  after reproduction.  

Conversely,  it seems l ikely that  new b lades  can inhibit  the  deve lopmen t  of reproduc-  
tive structures. There  seems no al ternat ive explanat ion  for the  failure of short  days  
b e t w e e n  January  and  March  1984 to s t imulate  these, as sea  t empera tu re  cannot  have  
b e e n  the cause. 
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Fig. 13. The distribution of various daylengths from 121/2 to 15 h duration with latitude and season. 
The geographical limits of Delesseria, together with the latitude of the Isle of Man, are shown as 

horizontal lines 

In its geograph ica l  distribution, Delesseria sanguinea only occurs in the  nor theas t  
Atlantic: a round  Iceland, the Faroes,  the British Isles and  on ma in land  Europe  from 
northern Norway  to the  Bay of Biscay (L/ining, 1985). Its southern hmit  is p robab ly  a round  
Gahcia,  nor thern  Spain  (Niell, 1978). The bruiting lat i tudes are 42 ~ and 71 ~ At  42 ~ the 
sea  surface t empera tu re  is 13 ~ in winter  and  19 ~ in summer  (Sverdrup et  el., 1942). 
Delesseria has b e e n  shown to tolerate  a w e e k  at  23 ~ (Liining, 1984b) so it seems  
unhke ly  that  its southern hmit  is de t e rmined  by  summer  tempera tures .  It is possible,  
however ,  that  new b l ade  product ion is not adequa te ly  s t imulated by  winter  t e mpe ra tu r e s  
above  13 ~ encoun te red  further south than  42 ~ This must, however ,  r ema in  a 
conjecture at present .  
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A cri t ical  d a y l e n g t h  o t h e r  t h a n  12 h m u s t  i nvo lve  l a t i tud ina l  d i f f e r ences  in  t iming.  

T h e s e  are  s h o w n  for d a y l e n g t h s  of 121A to 15 h in F i g u r e  13. With  a 14-h cri t ical  

day l eng th ,  poss ib ly  i m p h c a t e d  in t h e  Isle of Man ,  p lants  at the  sou the rn  h m i t  w o u l d  b e  

t r i g g e r e d  16 days  ea r l i e r  (unless  the re  is a g e n o t y p i c  d i f fe rence  in response) .  O v e r  t he  

w h o l e  g e o g r a p h i c a l  r a n g e  of Delesser ia  t he re  is a d i f fe rence  of a m o n t h  in t he  t i m i n g  of a 

14-hour  day l eng th .  
T h e r e  a re  c lear ly  m a n y  u n a n s w e r e d  ques t ions  c o n c e r n i n g  the  t r i gge r s  r e s p o n s i b l e  

for t he  p r o n o u n c e d  seasona l i ty  of this spec ies .  The  s ea sonah ty  i tself  h i n d e r s  e x p e r i m e n -  

ta t ion  by  conf in ing  it to short  pe r iods  of t he  year .  
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