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ABSTRACT: Adult sporophytes of Laminaria saccharina (L.) Lamour were collected near Helgoland. 
southern North Sea, and cultivated in an  experimental tank system at each of 5 temperatures (range 2 to 
20°C) in short-day (SD; 8:16), long-day (LD; 16:5), and night-break (NB; 8 : a :  1 :n) regimes (bar 
indicates hours of darkness). The seawater of the experimental tanks was mixed continuously Sori were 
formed in SD, but not in LD and NB. Optimal temperature range for sorus formation was 10 to 15'C In 
SD, a period of retarded blade growth preceded sorus formation. 

INTRODUCTION 

Many Laminaria spp. exhibit a marked seasonal 
development, with maximum growth activity of the 
frond in the first half of the year, subsequent reduction 
of growth rates in summer, and formation of sori in 
autumn and winter, although there are species- and 
age-specific variations in this basic pattern (see review 
by Kain 1979). The search for possible environmental 
triggers has fascinated investigators since the begin- 
ning of this century. 

The main question was: Whlch environmental fac- 
t o r ( ~ )  cause sporophytes of Lamjnaria spp. to reduce or 
even stop their growth activity in summer? Tempera- 
ture, by causing supposedly high respiration rates in 
summer, cannot be a main factor in this respect, as 
shown by studies on annual carbon budgets of L. lon- 
gicruris (Hatcher et  al. 1977) and L. saccharina 
(Johnston et  al. 1977): both species maintained a high 
net photosynthetic gain in summer (see discussion by 
Dring 1982). Furthermore, it was recently shown that L. 
sacchal-ina in the laboratory has almost constant photo- 
synthetic rates at growth temperatures between 5 and 
20°C (Davison 1987, Davison & Davison 1987). 

There is the possibility that reduction of nutrient 
concentrations in seawater, mainly nitrate, is a major 
factor in summer reduction of laminarian growth rates 
in the field. Chapman & Craigie (1977) succeeded in 
maintaining high spring growth rates until August in 
an experimental kelp bed of Laminaria longicruris by 
fertilizing it with NaN03 from June onwards. Subse- 
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quently, Conolly & Drew (1985a,b) demonstrated that 
the late spring decline in growth rates of L. saccharina 
and L. digitata is due to depletion of nutrients in the 
seawater and can be halted by artificial fertilizing with 
nitrate and phosphate. However, Chapman & Craigie 
(1977) also found that, even though fertilization with 
nitrate was contin.ued until October, a decline in elon- 
gation rate in the plants occurred in September-Oc- 
tober. They suggested that the decline was an effect of 
shortening daylength and, supposedly, depleted car- 
bohydrate reserves. 

Sorus formation is most frequent in autumn and 
winter in Laminaria saccharina (Parke 1948, Kain 1979, 
Liining 1980), L. longicruris (Chapman 1973), and also 
in NW Pacific representatives of the Simplices group 
(e.g. L. angustata: Hasegawa 1962, Kawashima 1983; 
L. japonica: Funano 1980; L. religiosa: Abe et  al. 1982). 
The question whether daylength per se, and/or tem- 
perature, might trigger this seasonal peak of sorus 
formation has rarely been examined experimentally. 
This is probably due to the fact that smaller algae were 
for technical reasons the prime candidates for detecting 
and analyzing first photoperiodic responses among 
algae (see review by Dring 1984). 

The aims of the present investigation were (1) to 
develop an  experimental tank system with continuous 
water mixing, and (2) to test for the presence of any 
effects of daylength and temperature on sorus forma- 
tion and growth activity of sporophytes of Laminaria 
saccharina collected from the sea in late spring or 
summer. 
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MATERIALS AND METHODS 

Experimental tank system. The basic concept was to 
use pumps to continuously mix the seawater content of 
20 experimental tanks (4 daylength regimes in each of 
5 constant temperature rooms), in order to eliminate 
deviations in nutrient concentrations during long-term 
culture of kelp sporophytes in different tanks and 
different constant temperature rooms (Fig. 1). Ca 4 m3 
of seawater was available in the 20 experimental tanks. 
Continuous water mixing within constant temperature 
rooms (in 20 min, see below) and between rooms (in 
2 d) was performed by a total of 10 pumps. 

In detail, each polyester seawater tank (150 X 50 cm, 
50 cm deep) was covered by a light-tight hood made of 
black PVC (160 X 60 cm, 60 cm high, 6 mm thick), 
which had a sliding door (120 x 40 cm) for insertion 
and removal of the experimental algae (Fig. 2). The 
algae were illuminated from above by 3 fluorescent 
lamps (Osram-L 65 W/25 S, Universal-White; photon 
fluence rate 30 to 60 pm01 m-' S-', according to dis- 
tance from water level; see Table 1). The lamps were 
contained within the light-tight hood, and the latter 
was equipped with a light-tight fan ensuring heat 
export from the lamps. Daylength regimes used were: 
short-day regime (SD; 8:16), long-day regime (LD;  

SD LDNB D 
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F 
F i g d .  Experimental tank systemnot  to scale), cons~sting of 4 t a g s  in each of 5 constant temperature rooms. SD: short-day reglme 
(8 : 161, LD: long-day regime (16: 8),  NB: night-break regime (8: 7.5: 1 :?.5), D: continuous darkness (tank volume 40 % of lit tanks). 
Ca 1 m3 of seawater is contained in each of the constant temperature rooms (0.3 m3 in each of the SD, LD, and NB tanks; 0.1 m3 in the 
D tank).  MT: mixing tank w~thin constant temperature room; GMT. general mixing tank outside constant temperature room. Two 
pumps on top of each room mixing tank mix the seawater w~thin each room in 20 min and between rooms in 2 d.  For the 20°C 

constant temperature room, tank volume for lit tanks was 80 % of tank volume in other constant temperature rooms 

Fig. 2. Expenmental tank system; 
components in one of the constant 
temperature rooms: 2 tanks for SD 
and NB conditions (with light- 
tight hoods and slide doors), 2 
tank for LD cond~tions (open to the 
room light), and 1 smaller tank for 
continuous darkness. Water from 
the 4 tanks enters the room mixing 
tank near its bottom; of the 2 
pumps on top of the room mixing 
tank, the lower, larger pump 
transports water back into the 
tanks, the upper, smaller pump to 
the general mlxing tank outside 
the constant temperature rooms. 
Upper middle: electric pinch valve 
controllrng silicon tube for 
backflow of water from the gener- 

al mixing tank 
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Table 1. Laminaria saccharina. Sorus formation under different conditions of temperature and daylength. SD: short-day regime 
( 8 : E ) ,  LD: long-day regime (16:8), NB: night-break regime (8:73:1:73) .  SL: stipe length; BW: maximum blade width, both at  start 
of experiment (numbers in brackets give confidence limits; p = 0.05). Photon fluence rate at the algal level was 60 pm01 m-2 S- '  in 
Expts 1 and 2, and 30 pm01 m-' S - '  in Expt 3. n. number of experimental plants in each condition (for LD and NB treatments in 
Expt 3, n = 5).  -: No sorus formed at end of experiment. S: sorus formed; numbers in brackets give number of individuals with 

sorus followed by week at which sorus flrst became visible 

Expt Experimental details n Temperature SD 
("C) 

1 28 May-8 Sep 1986 (15 wk) 1 
SL: 24 2 8 cm; BW: not measured 2 

5 
10 
15 

2 2 Apr-22 Ju l  1987 (16 wk) 6 
SL: 17.5 k 1.0 cm; BW 9 8 0.5 cm 3 

8 
12 
16 

3 27 Jul-30 Sep 1987 (9 wk) 6 
SL: 42 8 k 2.6 cm; BW: 8.0 _+ 0.5 cm 2 

5 
10 
15 
20 

S (1, Week 9) 
S (1, Week 12) 

- 
S (2, Week 10) 
S (2, Week 16) 

- 
S (1, Week 7) 

S (6, Week 6-7) 
S (6 ,  Week 6-7) 

- 

16:8),  night-break regime (NB; 8 : z .  1 :G), (where 
bars indicate hours of darkness), and continuous dark- 
ness (only one experiment at one temperature per- 
formed). Seawater temperatures were kept constant 
(-t 0.5 CO). 

Within each constant temperature room, the tanks 
were connected by flexible PVC tubes (32 mm inner 
diameter) to a small room mixing tank (50 X 25 cm, 
60 cm deep) from which the water was pumped back 
into the 4 tanks by an immersion pump (0.37 kW) 
mounted on top of the room mixing tank (Fig. 2). 
Pumping rate was 50 1 min-l, i.e. the ca 1 m3 of sea- 
water contained in the 4 tanks in each constant temper- 
ature room was mixed within 20 min. The immersion 
pump sucked the water from the upper 30 cm of the 
room mixing tank, and effected turbulence within the 
mixing tank as well as  a water current (up to l m S-') 

within the experimental tanks via a nozzle to which the 
water was re-distributed. 

A second, smaller immersion pump, also mounted on 
top of each of the room mixing tanks, was triggered by 
an automatic time-switch to transport 20 1 of seawater 
h-' (0.5 m3 d-l) from each of the 5 constant tempera- 
ture rooms to an overhead general mixing tank (100 1 
volume, 2 .4  m above ground) outside the constant 
temperature rooms. After mixing of the incoming water 
by air bubbling for 10 min, the water was able to flow 
back by gravity via silicon dispensing tubes into each 
of the room mixing tanks. An electric pinch valve was 

used to stop water back-flow via the silicon dispensing 
tubes during the mixing procedure. A daily export rate 
of 0.5 m3 d-' from each constant temperature room 
means that the seawater contained in the 4 tanks of one 
constant temperature room would have appeared in 
the general mixing tank after 1.5 d. 

Algae and growth measurements. Sporophytes of 
Laminaria saccharina of similar size (blade length 1.5 to 
2 m )  were collected by divers at 1 to 2 m below mean 
low water of spring tides in the sublittoral zone of 
Helgoland, North Sea. The algae were transported to 
Hamburg by ship in polyethylene barrels each filled 
with 30 1 of seawater. All experimental algae were cut 
to 1.5 m blade length (see Table 1 for further details), 
and a maximum of 6 individuals were placed in each 
tank. A hole (6 mm diameter) was punched at 10 cm 
from the junction between stipe and blade in each 
individual. The distance between the junction and the 
hole was measured once a week. At the end of each 
experiment, the algae were photographed on a light 
table. 

N and P additions, seawater replacement and 
epiphyte control. Seawater concentrations of nitrate 
and phosphate in the general mixing reservoir were 
determinated once a week according to the methods 
outlined in Grasshoff et  al. (1983). NaN03 and KH2P04 
from stock solutions were added to maintain concen- 
trations of 40 pM NO; and 4 LLM PC$. After 1 wk, 
concentrations before nutrient addition had usually 
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declined to 30 (k 10) yM NO;, and 3 ( +  2) btM 
Nitrite concentrations were ca 0.2 pM NOT. No 
nutrients other than N and P were added. However, 
2 m3 of the seawater of the experimental tank system 
was usually replaced each month from the institute's 
reservoir (18 m3) of seawater transported from Helgo- 
land. 

Three experiments were performed. Expt 1 (Table 1) 
was a pilot experiment with only 1 individual per 
experimental condition. Algae in this experiment 
experienced a changeable nutrient history, because 
different nutrient regimes were tried out, e.g. addition 
of nutrient enrichment, addition of N and P only, and 
no nutrient addition. 

The seawater tanks and the experimental algae were 
cleaned every 2 to 3 wk of epiphytic microalgae and of 
epiphytic smaller macroalgae such as Ectocarpus spp. 
Expt 3 had to be terminated 9 wk after start because of 
011 pollution of the seawater caused by a leaking pump 
condenser. 

RESULTS 

Sorus formation 

All 3 experiments were started at a time of year when 
son are absent on Laminaria saccharina near Helgo- 
land, i .e.  April to August. In September the first few 
sporogenous individuals are found, from October to 
January sori are common, and in February they 
become rare. As evident from Table 1 and Figs. 3 to 5,  
the formation of sori on plants in the experimental 
tanks occurred only in the SD regime, and was further- 
more restricted to the upper temperature range, 10 to 
15OC being optimal for sorus formation. At 5°C in SD 
(Expt 3), only 1 out of 5 individuals formed son 
(Table 1). The NB regime prevented sorus formation in 
the same way as LD. 

Expt 3 was started near the end of July, and all 
experimental algae became sporogenous at 10 and 
15°C after about 1.5 mo in SD. Conversely, in Expt 2, 
which was started in early April, only 2 out of 6 indi- 
viduals formed sori under similar conditions, and this 
only after 3 to 4 mo (Table 1). During this long treat- 
ment the experimental sporophytes in SD and at higher 
temperatures began to lose progressively more of that 
distal tissue which one would have expected to pro- 
duce the sorus and which was retained in the 2 indi- 
viduals with son (Fig. 4). Fortunately, Expt 1,  i.e. the 
pilot experiment, was started sufficiently late in the 
year (end of May) to allow detection of the basic effect 
of sorus formation in SD and at higher temperatures, 
even with only one experimental alga per condition 
(Fig. 3). 

Fig. 3. Laminaria s a c c h a ~ a .  Expt 1; started 28 May 1986; 
photographs taken on 8 Sep (15 wk after start). Hole punched 
on 28 May at 10 cm distance from the junction between stipe 
and blade. Upper. Individuals cultivated at 15OC. NB indi- 
vidual: distal tissue lost which carried the hole of 28 May. 
Additional holes were punched in the NB and LD indiv~duals 
on 20 Aug (12 wk after start). Lower: Indwiduals cultivated at 
10°C. NB individual: stipe lost in Week 8. New hole punched 
on 20 Aug (12 wk after start). LD individual: temporary rneri- 
stem damage at about l0 cm distance from the junction 
between stipe and blade (damage due to trapped air for a few 
days underneath the basal blade rneristem). Sorus formation is 

visible in SD individuals as a black band 

Growth rate 

Growth rates of several cm per week were main- 
tained in LD and NB conditions, whereas in SD little 
growth occurred, even long before the first sorus 
appeared (Fig. 6). For example, in Expt 3 (started at the 
end of July) about 20 cm of basal blade tissue were 
added in 9 wk in LD and NB conditions at 1 0 ° C  and 
only 3 cm in SD at the same temperature (Figs. 6 and 7). 
The reduced growth rate in the SD treatment was 
evident from the beginning in Expt 3 (Fig. 6). In spite of 
the substantial variability in individual growth rates the 
confidence bars given in Fig. 7 indicate that there are 
significant differences at 5 to 15 'C between the LD and 
NB treatments on the one hand, and the SD treatment 
on the other hand in Expt 3. Growth rates at 2OC were 
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Fig. 4 .  Larnlnarja saccharina. Expt 2; started 2 Apr 1987; 
photographs taken on 16 Jun (11 wk after start). Hole punched 
on 2 Apr at 10 cm distance from the junction between stipe 
and blade. Upper: Individuals cultivated a t  12OC, SD. Only the 
2 indviduals shown formed sori, visible a s  black bands. The 
other 4 individuals had lost distal tissue carrying the marking 
hole before sori were formed. Lower: Individuals cultivated at 
12OC, LD. Additional hole punched on 13 May (6 wk after 

start) 

generally low and not significantly different between 
light regimes in Expt 3. 

Much higher growth rates were obtained in Expt 2 
(started at the beginning of April) than in Expt 3 
(started near the end of July). For instance, after 9 wk 
in the LD regime at medium temperatures, values of ca 
60 cm growth were recorded in Expt 2 (Fig. 8), com- 
pared to ca 20 cm in Expt 3 (Figs. 6 and 7).  In Expt 2, 
during which few individuals formed sori at all (see 
above), there were also high growth rates in SD (Fig. 8). 
Growth at 12'C was nevertheless significantly higher 
in LD than in SD conditions. These results may indicate 
that all plants grow about equally well as a function of 
daily irradiance (i.e. for comparison, multiply the rates 
for SD plants by a factor of 2) .  

One experiment in continuous darkness was per- 
formed. Experimental individuals of Laminaria sac- 
charina collected from the sea in March (frond length 1 
to 1.3 m, new part of frond 7 to 9 cm wide) were 
subjected to continuous darkness at 3, 8, 12,  and 16°C 
(n = 5). After 3 wk there was an average increase in 
length of only 1.6,  1.3, 0.2, or 1.0 cm respectively. After 
3 mo of the dark treatment, all experimental individu- 
als had decayed at 16"C, 4 at 12OC, 4 at 8OC, whereas 

Fig. 5. Lan~inana saccharina. Expt 3 ;  started 27 Jul 1987; 
photographs taken on 2 Oct (9 wk after start). Individuals 
cultivated in 10°C and 3 daylength regimes. Hole punched on 
27 Jul at 10 cm distance from the junction between stipe and 
blade. Sorus has formed in SD treatment near marking hole 
and continues distally as a continuous black band. Other, 
isolated spots in all daylength regimes were present at  the 
start of the experiment and possibly represent brown en- 

dophytes 

all 5 experimental individuals had survived at 3OC 
(3.2 cm length increase on average within 3 mo). 

Stipe lengths did not significantly increase during 
the experiments (initial lengths are given in Table l) ,  
nor did maximum blade width in Expt 3. Maximum 
blade width did increase, however, by several cm in 
Expt 2: on average by 8 ,10 ,  and 5 cm in LD at 3,8, and 
12°C respectively after 13 wk. The corresponding val- 
ues for SD conditions were 6, 5, and 4 cm blade-width 
increase, and similar values, not significantly different 
from the SD values, were obtained for NB. At 15°C in 
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1 3 S 7 9 
Time (weeks) 

Fig. 6. Laminaria saccharina. Expt 3; started 27 Jul 1987. 
Cumulative elongation growth at 10°C and in 3 daylength 
regimes. Encircled points: all 6 in&viduals with sori; semi- 
encircled points: 3 out of 6 individuals with sori. Photon 
fluence rate at algal level was 30 ltmol m-' S-' Vertical bars 
are confidence limits (p = 0.05; n = 6 for SD, n = 5 for LD and 

NB) 

Fig. 7. Laminaria saccharina. Expt 3; started 27 Jul 1987 
Elongation growth rates at 2, 5, 10, 15°C and in 3 daylength 
regimes. NB treatment at 15°C was lost due to an experimen- 
tal error. Photon fluence rate at algal level was 30 pm01 
m-2 - 1  S . Vertical bars are confidence limits (p = 0.05; n = 6 for 

SD. n = 5 for LD and NB) 

all 3 light-regimes, blade width in the new-grown 
blade tissue decreased by 3 to 4 cm, and the experi- 
mental individuals were looking unhealthy, or had 
decayed after 13 wk. 

Temperature ( O C )  

Fig. 8. Laminaria saccharina. Expt 2; started 2 Apr 1987. 
Elongation growth rates at 3, 8, 12, 16OC, and in 3 daylength 
regimes. Photon fluence rate at algal level was 60 ~ m o l  m-2 

S-' Vertical bars are confidence limits (p = 0.05; n = 6) 

DISCUSSION 

The present results show that the SD light regime 
allows, and the LD and NB regimes prevent, sorus 
formation in Laminaria saccharina from Helgoland. 
Furthermore, a period of slow or even zero growth 
precedes sorus formation; this aspect will be discussed 
below. Another algal species is thus to be added to the 
steadily increasing list of genuine photoperiodic 
responses in algae (Dring 1984). Keath & South (1985) 
drew attention to the sudden and synchronous forma- 
tion of sori in Saccorhiza dermatodea at different 
depths and throughout the range of the species; they 
considered the possibility that a shortened daylength 
might trigger the reponse. Henry (1987) reported on a 
short-day effect on sorus formation in another member 
of the Laminanales, namely Phyllariopsis brevipes 
(= Phyllaria reniforme). Sporophytes of this species 
formed sori in the laboratory about 1 mo after transfer 
to short-day conditions, and long-day treatment (14 h 
light per day and more) prevented sorus formation. 

The effect described here in Laminaria sacchanna 
reveals an additional interesting ecological aspect, 
namely the restriction of sorus formation to SD condi- 
tions in the upper temperature range (10 to 15"C), i.e. 
discrimination of autumn conditions, although sorus 
formation is not entirely ruled out at 5°C (Table 1) 
Hence, the reaction may also enrich the list of algal 
responses which exhibit direct blocking by tempera- 
ture at an optimal daylength (see Dring 1984 for discus- 
sion of 'seasonal windows' for reproduction). 
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It should be kept in mind that the photoperiodic 
control of sorus formation reported here refers so far 
only to the geographical strain of Laminarla saccharina 
obtained from Helgoland. Future experiments must 
show whether L. saccharina has formed a geographical 
array of photoperiodic ecotypes differing in cntical 
daylength, as in the small brown alga Scytosiphon 
lomentaria (Luning 1980) and in the red alga 
Audouinella ( =  Rhodochorton) purpureum (Dring & 

West 1983). Furthermore, daylength-neutral popula- 
tions exist in S. lomentaria (e.g. Clayton 1978, Kristian- 
sen & Pedersen 1979, Correa et al. 1986, tom Dieck 
1987). One has to test whether such a possibility might 
account for reports on the presence of sori in L. sac- 
charina all year round, although with maximum 
sporogenesis between October and March (Devon and 
Argyll, UK; Parke 1948), or major sporogenesis peaks 
in October and June (Long Island, New York, USA; Lee 
& Bnnkhuis 1986). One should also test whether quan- 
titative photoperiodic responses are involved, with 
short-day conditions not being essential but promoting 
sorus formation (Vince-Prue 1975). 

An important factor influencing seasonal sorus 
occurrence may be age-class. This is shown by the 
following results reported by Hasegawa (1962) for 
Laminaria angnstata, another member of the Simplices 
group, which attains a maximum age of 3 yr, like L. 
saccharina (Parke 1948). On the coast of Hidaka Pro- 
vince (Hokkaido, Japan),  L. angustata becomes 
sporogenous in the first year from October onwards (at 
a minimum age of 8 mo), with sporogenesis peaking in 
January and finishing by the end of March. In the 
second year sori appear from July onwards; 
sporogenesis peaks in October and ends in February. 
In the third (last) year sporogenesis starts even earlier, 
by June,  peaks again in October and ends in January. 
This pattern, with an earlier readiness for sorus forma- 
tion after the first year of life, was substantiated again 
for L. angustata by Kawashima (1983), and for L. sac- 
charlna by Parke (1948). The effect is paralleled by 
observations of a prolonged net growth season of blade 
tissue in first-year plants (e.g.  Parke 1948, Luning 
1979), as recently evidenced by Druehl et al. (1987) for 
Laminaria groenlandica. An obvious shortcoming of 
the present investigation on L. saccharina is the 
unknown age of the experimental individuals. In view 
of the rather thick and long stipes (Figs. 3 to 5), how- 
ever, and in comparison with stipe dimensions given by 
Parke (1948), and those observed by Luning (1979) for 
first-year plants near Helgoland, it may be justified to 
estimate that individuals used were in their second or 
third year. One would thus expect an  early readiness 
for sorus formation, and in the experiment started by 
the end of July (Expt 3) sori were in fact formed 6 to 
7 wk after start of the SD treatment (Table 1) .  

The question why sporophytes subjected to SD con- 
ditions from April onwards (Expt 2; Table l) ,  did not 
form son after 7 wk, but only after 10 wk (12°C) or 
16 wk (16"C), and then only in a few cases, can at 
present only be a matter of speculation. One hypothesis 
might be that in the actively growing sporophytes col- 
lected from the sea in April the pathway leading to 
sorus formation is blocked internally due to high 
growth activity and externally by increasing daylength 
and low water temperature. The fact that 4 out of 6 
individuals in Expt 2 had lost their distal tissue before it 
became competent for sorus formation may emphasize 
the more stressful conditions in the experimental tanks, 
compared to conditions in the sea,  and point to the 
difficulty of experimenting with such large algae over 
longer periods with the limited amount of seawater in a 
laboratory. The somewhat labile and ephemerous 
appearance of the distal frond tissue in Lamlnaria sac- 
charina may also be connected to the low capacity for 
dark growth from reserve materials stored in distal 
frond portions, as evidenced previously for this species 
by Dunton (1985) and confirmed in this investigation. 
This is in contrast to L. hyperborea, which forms an 
extensive new blade In darkness, and keeps an intact- 
looking distal old blade for a long time, also when kept 
in expenmental tanks (Luning 1986). 

Finally, it seems worthwhile to ask: (1) Is growth 
reduction as observed in Laminaria saccharina in SD 
(Flgs. 6 and 7) a by-product of sorus formation in such a 
way that the correlative inhibition of growth will end as 
soon as the reproductive step of sorus formation has 
been passed? If further experiments demonstrate that L. 
saccharina resumes growth after sorus formation in SD 
(as weakly suggested in Fig. 6),  this possibility would be 
supported. Sanbonsuga & Hasegawa (1969) observed 
that sporophytes of Costarja costata went through a 
period of retarded frond growth before son appeared 
and that this reduction of growth rate did not occur in 
immature individuals growing in the same experimental 
tank. Research would thus move along a line shown by 
Lobban (1978) who emphasized that the growth of the 
Macrocyshs sporophyte must be regulated both 
environmentally and internally, in analogy to higher 
plants. 'Fertihty or its lack may be partly the result of a 
continuing influence of the apical meristem. . . I sug- 
gest that the apical meristem leaves some inhibitor or 
repressor in the laminae that are to remain sterile. . . '  
(Lobban 1978, p. 209). Or, (2) does growth reduction 
indicate the primary induction of a dormant state due to 
a daylength signal, while sorus formation is in parallel 
induced by the same environmental signal? In many 
higher plants autumnal short days induce and maintain 
growth suspension as one of the phenomena of dor- 
mancy, and one is able to obtain more or less indefinite 
growth in long-day conditions in certain species (e.g.  
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Vince-Prue 1975, 1985). Conolly & Drew (1985b) 
detected a dramatic enhancement of growth rate in 
midwinter in L. digitata and L. saccharina after transfer 
to long-day conditions. It  is clear that further experi- 
ments are required before it can be established to what 
extent the seasonal development of laminarian species 
involves responses comparable to dormancy pheno- 
mena in higher plants. 
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