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ABSTRACT: Tetraspores of Durnontia contorta (Gmelin) Ruprecht from the Isle of Man (UK) germinate directly after release into 
discoid or globular microthalli. Under long-day conditions (16 : 8) and at higher temperatures (20 "C) these microthalli increase 
in diameter. However, under short-day conditions (8 : 16) and at lower temperatures (8", lZO, 16 "C) they give rise to macrothalli. 
This short-day effect is caused by photoperiodism, not by the lower light dosis. The macrothallus budding from the microthallus 
appears to be multiseriate in origin. 

INTRODUCTION 

Gametophytic and sporophytic thalli of Dumontia 
contorta (Gmelin) Ruprecht (= Dumontia incrassata 
[Miiller] Lamouroux, cf. Abbott 1979) are morphologi- 
cally identical. They consist of a basal radially 
expanded disc, growing over the substratum; from the 
disc sprout several cylindrical, hollow axes bearing 
irregularly placed laterals with the same construction 
as the axes. The disc (here termed microthallus, cf. van 
den Hoek et al., 1972) is perennial and gives rise to 
annual crops of upright macrothalli (Oltmanns, 1904; 
Rosenvinge, 1909; Dunn, 1917; Printz, 1926; Kilar and 
Mathieson, 1978). 

Dumontia contorta is widely distributed in warm 
temperate and cold temperate regions in the northern 
hemisphere (Kjellman, 1883; Bsrgesen, 1903; Newton, 
1931; Kylin, 1956; Taylor, 1957; Gayral, 1966; Ardre, 
1970; Rueness, 1977; Abbott, 1979; van den Hoek, 
1979). Field data about the seasonal occurrence sug- 
gest that macrothalli appear in autumn or winter, 
achieving maximum development during the winter- 
spring period. In spring or early summer D. contorta 
becomes fertile and disappears, or only residual popu- 
l a t ion~  remain (Rosenvinge, 1909; Dunn, 1917; den 
Hartog, 1959; Kilar and Mathieson, 1978; Kristiansen 
and Pedersen, 1979). On the basis of extensive field 
studies of some New Hampshire populations of D. 
contorta, Kilar and Mathieson (1978) hypothesized that 
the appearance of macrothalli in autumn and winter is 
closely related to. low temperatures and high nutrient 
concentrations. These authors further assumed that 

spores released in the spring-summer period did not 
germinate directly but persisted until autumn, 
although this assumption did not agree with observa- 
tions of Rosenvinge (1909), Dunn (1917), and Jones and 
Dent (1971). The present study reports on growth and 
development of D. contorta kept in unialgal cultures 
from the Isle of Man. 

MATERIAL AND METHODS 

Tetrasporophytic plants of Dumontia contorta 
(Fig. 1) were collected from the intertidal zone at Port 
St. Mary, Isle of Man, in August 1979. At that time no 
gametophytic plants with carpospores were found. 
This agrees with observations made in late summer on 
D. contorta populations elsewhere (Dunn, 1917; Kilar 
and Mathieson, 1978). Tetrasporophytic plants were 
transferred in a cooler to our institute within 2 d. Cut- 
off fertile segments of about 3 cm were rinsed several 
times in sterile seawater and incubated over night at 
12 "C, under long-day conditions (16 : 81, 2000 lux, in 
small Petri dishes. The released spores were picked up 
with finely drawn pipettes and transferred to Petri 
dishes (diameter 10 cm) whose bottoms were covered 
with glass squares (25 X 25 mm) cut from microscopic 
slides. The original segments were again brought into 
a new, sterile medium. This procedure was carried out 
twice a day (at the beginning and end of a working 
day) for about 14 d. Glass squares with developing 
spores in Petridishes without contaminating algae 
were transferred into small Petridishes (only 1 glass 
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Fig. 1. Dumontia contorta. Fertile plants from nature. Large 
and small plants from a sheltered locality at Port St. Mary and 
a n  exposed locality at Port Erin, Isle of Man. Scale bar = 2 cm 

square per Petri dish) and kept at 12 "C, under long- 
day conditions (16 : 8) and ca 2000 lux. In this way 
unialgal cultures were established. The number of 
germinating spores per glass square varied from 1 to ca 
20. Experiments were carried out under the conditions 
given in Tables 1 and 2, at  20 'C under short-day 
conditions, at 2000 lux. A minor experiment was also 
conducted with tetraspores derived from a D. contorta 
plant growing on the wave-exposed breakwater of Port 
Erin in front of the Biological Station, Isle of Man. Here 
D. contorta plants were very small and thin (Fig. 1). 

Small discs (diameter 300-500 pm) of a rhodophy- 
cean species (Durnontia?) which occurred as small 
epiphytes on Laminana sacchanna growing in an 
intertidal rockpool (Port St. Mary, August 1979) were 
also cultured under laboratory conditions. Six discs 
were transferred to 12 "C, under long and short-day 
conditions, at  2000 lux. 

All experiments were carried out in culture cabinets; 
light was provided by cool white fluorescent tubes 
(Philips T.L. 34).  Different light intensities were 
obtained by varying the distance of the culture dishes 
to the light source. The temperature values given 
remained within + 1.5 C", the light values within 
+ 5 % lux. As culture fluid a Provasoli enriched sea- 
water medium was used (Provasoli, 1968). 

RESULTS 

Germination of Spores 

Released tetraspores of Dumontia contorta were 
about 38-40.5 pm in diameter. Almost all these spores 
attached themselves to the glass squares within a few 
minutes after being discharged into the Petri dishes. In 

Fig. 2. Durnontla contorta. Microthalli grown in culture from 
tetraspores at 12 "C; long-day conditions; 2000 lux. (a) 4 
week-old discoid microthallus (arrow) and equally old globu- 
lar microthalli with hairs (scale bar = 1 mm). (b) 26 week-old 
discoid and globular microthalli which failed to produce 
macrothalli under the culture conditions offered. Scale bar = 

5 mm 

a water stream they bent (and became tear-shaped) or 
burst. However, ca 3 h after inoculation they could 
easily be removed from the glass squares by employ- 
ing a water stream. Obviously, the spores were then 
surrounded by a wall. Developing tetraspores grew 
into either attached discoid microthalli, or loose, 
spherical microthalli (Fig. 2). Initial contact of the 
spores with the glass squares is apparently necessary 
for their development into discoid rnicrothalli. Cul- 
tures in which the spores were loosened directly after 
attachment contained many spherical microthalli. Te- 
traspores developed within 24 h after release. During 
the first few cell divisions they increased slightly in 
size (Fig. 3a-e). Germinating spores which grew into 
discs were at first rnonostromatic, but later became 
polystromatic in the centre. Expansion of the discs 
occurred by means of marginal meristem. Coalescense 
of developing microthalli was observed frequently at 



Rietema and Klein: Control of life cycle of Dumontia contorta 25 

various stages of developnlent (Figs 3 and 5). Spherical 
masses of cells only rarely grew into discoid plants or 
developed elongated multicellular stolons which, in 
contact with glass squares, formed discs similar to 
those resulting directly from spores. 

Development of Microthalli 

The discs grew in diameter and gave rise - under 
environmental conditions mentioned below - to mac- 
rothalli. At first 1 macrothallus axis, sometimes 2 axes, 
arose from the centre of a disc. Thereafter many addi- 
tional axes developed at some distance from the ini- 
tially formed axes. The development of an  erect axis 
was often announced by the appearance of a small 
light-coloured pit on a papilla. A bundle of filaments 
was formed, with all filaments growing together into 
a n  erect macrothallus, in these 'crater-like' structures 
(Fig. 4). In contrast to the slow growth of discs, the 
growth of the erect axis and its branches was rapid 
(Fig. 5). All branch initials of a macrothallus were 
already present on the very young macrothallus. Dur- 
ing subsequent development the number of branches 
on an  erect macrothallus axis did not increase. Only 
the distance between two successive branches and be- 

tween the lowest branch and the disc increased. The 
globular microthalli also grew in diameter. Each of 
them usually produced only 1 macrothallus; sometimes 
one more macrothallus or a small number of additional 
macrothalli were formed at a much later date. 

The macrothalli developed into male or female 
gametophytes at  16" and 12 "C under long and  short- 
day conditions, and carpospores were produced by 
some of the female gametophytic plants within 6 
months after initiation of the gametophytic macrothal- 
lus plants. The production of spermatia by male plants 
and the release of carpospores by female plants led to 
the decline and ultimate death of the macrothallus 
phase. Only the discs remained alive. 

Influence of Environmental Conditions on the 
Initiation of Macrothalli 

The effect of day length and light intensity on the 
sprouting of macrothalli from microthalli was investi- 
gated by exposing microthalli to long-day conditions 
(16 : 8) and short-day conditions (8 : 16) in a combina- 
tion with 4 different light intensities (4000, 2000, 1000, 
500 lux). This experiment was conducted with mic- 
rothalli precultured during 32 d at  12 "C in a daily 

Table 1. Dumontia contorta. Influence of day length and light intensity on the formation of macrothalli on discoid microthalli. 12 
"C. Percentages of microthalli with macrothalli: - 0 %; (+)  0-10 %; + 10-25 %; + +25-50 %; + + +SO-75 %; + + + + 75-100 % 

Day length Light intensity Number of Days after start of experiment 
(h) (Lux) microthalli 35 42 49 5 6 

16 4000 51 - - 
16 2000 66 - P - - 

16 1000 53 - P - 
16 500 50 - - - 
8 4000 69 + + + +  + + + +  + + + +  + + + +  
8 2000 7 9 + + + +  + + + +  + + + +  + + + +  
8 1000 85 + + + + + + +  ++++  ++++ 
8 500 109 ( + l  + ++  

Table 2. Dumontia contorta. Influence of day length and temperature on the formation of macrothalli on discoid and globular 
microthalli. 2000 lux. Percentages of plants with macrothalli: - 0 %; (+)  0-10 %; + 10-25 %; + + 25-50 %; + + + 50-75 %; 

+ + + + 75-100 % 

Day length Temperature Number of Morphology of Days after start of experiment 
(h) ("C) rnicrothalli m~crothalli 3 2 3 9 46 56 62 7 0 

16 16 51 discoid - - - - - 

16 16 58 globular - - - - - 

16 8 4 4 discoid - - - 
- - - 

( + l  
- 

( + l  
16 8 65 globular - 

8 16 52 dlscoid - + +++  + + + +  ++++ ++++ 
8 16 61 globular - - ( + l  ( + l  + ++ 
8 8 52 discoid - + + +  ++++ + + + +  ++++  ++++  
8 8 69 globular - + + + +  + + + +  ++++  ++++ ++++ 
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Fig. 6. Dumontia contorta. Macrothallus plants cultured for 10 
weeks at  8 "C (a) and 16 "C (b) under short-day conditions a t  
1000 lux. These macrothalli arose from microthalli which 

were 5 weeks older. Scale bars = 2 cm 

Fig. 5. Dumontia contorta. d-c: Development and growth of a 
macrothallus on discoid microthalll 5 weeks (a), 6 weeks (b) 
and 8 weeks (c) after transfer of ca 5 week-old rnicrothall~ 
from 12 T, long-day conditions, ~ n t o  12 'C, short-day condl- 
tions, at 2000 lux.  One microthallus seen in surface view, the 
other (lying on the margin of a glass square) partly in side 

view. Scale bars = 1 mm 

photoperiod of 16 h at a light intensity of ca 2000 lux. 
The results of this experiment are summarized in 
Table 1. Macrothalli were only formed under short-day 
conditions in all light intensities tested after a shorter 
or longer period of observation. After 35 d only light- 
coloured spots were visible under 500 lux short-day 
conditions in the centre of the discs. 

In another experiment the influence of long-day 
(16 : 8) and short-day (8 : 16) conditions on the sprout- 
ing of macrothalli from microthalli was investigated in 

combination with 2 different temperatures (8" and 
16 "C). This experiment was conducted with mic- 
rothalli precultured during ca 40 d in 12 "C under long- 
day conditions and at 2000 lux. The results of this 
experiment are summarized in Table 2. Only under 
short-day conditions did both the discoid and globular 
microthalli produce macrothalli. Globular microthalli 
kept at  16 "C under short-day conditions started to 
produce macrothalli later than discoid macrothalli 
kept under comparable conditions. Ten week old mac- 
rothalli kept at 8" and 16 "C under short condition and 
at  2000 lux are illustrated in Figure 6. 

Another experiment demonstrated that neither dis- 
coid nor globular microthalli (ca 100 microthalli 
observed) gave rise to macrothalli at 20 "C under short- 
day conditions at  2000 lux after a shorter or longer 
period of observation. 

Also the discs derived from tetraspores of a small 
Dumontia contorta plant (Port Erin material) 
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developed into macrothalli under short-day conditions. 
Macrothalli which sprouted from these microthalli 
revealed no differences in morphology with the mac- 
rothalli sprouting from the microthalli mentioned 
above. Discs isolated from Laminarja saccharina 
proved to be juvenile microthalli of D. contorta. Mac- 
rothalli were formed under short-day conditions, but 
not under long-day conditions. 

DISCUSSION 

The life history of Dumontia contorta is of the Poly- 
siphonia type (cf. Dixon, 1973) and consequently com- 
prises isomorphic gametophytes and tetrasporophytes. 
Both gametophyte and tetrasporophyte are winter-to- 
spring annuals which pass the summer in the form of 
basal crusts (Oltmanns, 1904; Rosenvinge, 1909; Dunn, 
1917; Printz, 1926; Kilar and Mathieson, 1978). These 
basal crusts are termed here 'microthalli', the erect 
thalli 'macrothalli' in accordance with van den Hoek et 
al. (1972). The present study shows that gametophytic 
macrothalli sprout from gametophytic microthalli 
under the combined influence of short-days (8 : 16) 
and low temperatures (8", 12", 16 "C). This is the first 
example of an  alga with an  alternation of isomorphic 
gametophyte and sporophyte generations in which the 
interconversion of different developmental stages 
within one ploidy-phase is triggered by the photo- 
period. In the Phaeophycea Scytosiphon lomentaria a 
morphological parallel of D. contorta, the macrothallus 
phase arises (either directly or via unizoids) from the 
crustose microthallus phase, also under the influence 
of short-day conditions and low temperatures, but in 
this case the entire life history consists of only one 
microthallus phase (in some populations the 
sporophyte phase) and one macrothallus phase (in 
some populations the gametophyte phase) (Wynne, 
1969; Nakamura and Tatewaki, 1975). The macrothal- 
lus phase of S. lomentaria is also a winter-to-spring 
annual and is often found together with D. contorta 
macrothalli. The short-day effect observed in D. con- 
torta was not caused by low daily light doses (Table 1). 
'Induction of macrothallus buds' always occurred 
under short-day conditions, irrespective of light 
intensity, although at lower light intensities the mac- 
rothalli appeared later. However, 'light spots' (which 
precede the appearance of young macrothalli) were 
already visible at the centre of the discs after 35 d, 
suggesting that macrothalli development had already 
been initiated but that their growth was slow owing to 
the low light intensity. 

Based on extensive field studies Kilar and Mathieson 
(1978) assumed that the appearance of Durnontia con- 
torfa in autumn and the increase in size during winter 

and spring is primarily governed by seasonal changes 
in temperature and nutrient concentrations. Tempera- 
ture certainly is another important factor which con- 
trols the seasonal appearance of D. contorta whereas 
macrothalli sprouted from microthalli at lower temper- 
atures ( l Z O ,  16 'C) and not at 20 'C. The combined 
influences of wide ranges of temperatures, day length 
and light conditions on the initiation and growth of the 
microthallus and macrothallus phase in both the 
gametophyte and tetrasporophyte generation of D 
contorta are being investigated further at present. 

Tetraspores of Dumontia contorta germinated in cul- 
ture directly after release and grew into discoid mic- 
rothalli or if unattached into spherical microthalli. The 
occurrence of juvenile microthalli of D. contorta in 
August (on Laminaria blades, Isle of Man) suggests 
that this also happens to spores in nature. These obser- 
vations do not support Kilar and Mathieson's (1978) 
hypothesis that spores released in spring and summer 
germinate only in autumn. This hypothesis of Kilar and 
Mathieson attempts to explain the autumnal reappear- 
ance of D. contorta in nature. 

The development of Dumontia contorta spores into 
cellular discs or spheres resembles the development of 
spores of Chondrus crispus (Chen and MacLachlan, 
1972; Tveter and Mathieson, 1976); Gigartina stellata 
(Chen et al. 1974); Gloiosiphonia capillaris (Edelstein, 
1970) and Petrocelis franciscana (West, 1972). Early 
contact with a solid substrate is necessary for spores to 
develop into discs; otherwise they grow into spheres. 
The sprouting of macrothalli from the discs (or spheres) 
in the 4 latter species is not known to be under the 
influence of photoperiod. 

Erect macrothalli of D. contorta arise from discoid 
microthalli. The development of a macrothallus starts 
by the formation of a bundle of filaments in a light- 
coloured pit on a papilla. According to Kuckuck (in 
Oltmanns, 1904) only one of these filaments grows into 
a macrothallus. This could not be confirmed by our 
observations which strongly suggest that the whole 
bundle grows into the macrothallus. 
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