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M orphological and culture studies o f  Scytosiphon 
lomentaria (Lyngbye) Link and Microspongium gelati- 
wwwm Reinke (Scytosiphonaceae, Phaeophyceae) were 
undertaken on material collected on the Island o f  Sao 
Miguel, Azores, where both species were com m only  
found. Erect thaUi o f  S. lomentaria collected  in the 
fie ld  were up to 33 cm long and 2.3 m m  wide, tubu­
lar, hollow, and com m only constricted at intervals. 
The plurilocular sporangia were positioned in con­
tinuous sori on the thallus surface. Ascocysts were 
present. In the field , M. gelatinosum form ed crustose 
to slightly pulvinate plants, were spongy in texture, 
and dark brown to black in color, which were circu­
lar or irregularly spreading over several centim eters 
and firmly attached to the substratum. Sessile uniloc­
ular sporangia were located in sori on the crust sur­
face. In culture S. lomentaria plurispores developed  
into MicrospongiumAïke crustose prostrate thalli that 
form ed unilocular sporangia. U nispores developed  
into new erect thalli that form ed plurilocular sporan­
gia. Sexual reproduction was not observed. In cul­
ture, M. gelatinosum unispores developed  into erect 
thalli identical with S. lomentaria. These results are 
similar to those reported for other areas and suggest 
the occurrence in the Azorean plants o f  a monopha- 
sic and heterom orphic life  history, involving both en­
tities studied.
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Scytosiphon lomentaria (Lyngbye) L ink (Scytosipho­
naceae, Phaeophyceae) was rep o rted  for the  Azores 
by Gain (1914), b u t Microspongium gelatinosum Reinke 
was only recently  rep o rted  (Paren te  e t al. 2000). T he 
taxonom y o f Scytosiphon rem ains unresolved, w ith new 
species described (Kogam e 1998) an d  o th e r species 
recom bined  an d  red u ced  to synonyms. An exam ple is 
S. pygmeus Reinke, transferred into S. lomentaria (Fletcher 
1987). Conversely, S. complanatus (Rosevinge) Doty, rec­
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ognized as an  infraspecific taxon  o f  S. lomentaria by 
W ynne (1969) an d  Clayton (1976), was la te r recog­
nized as a d istinct species by P edersen  (1980). Ko­
gam e (1998) suggested  th e  p re sen ce  o r  absence  o f 
ascocysts to be useful taxonom ic character to distin­
guish Scytosiphon species.

Microspongium gelatinosum was first described by 
Reinke (1888) from  m aterial collected in  the  Baltic 
Sea. D iagnostic features inc luded  a m onostrom atic 
partly distrom atic base, b ran ch ed  e rec t filam ents, one 
to  fou r plastids p e r  cell, lateral uniseriate p lurilocu lar 
sporangia, an d  absence o f un ilocular sporangia. Later, 
Reinke (1889) gave a d ifferent descrip tion o f  this spe­
cies in  w hich p lants have little b ran ch ed  erec t fila­
m ents, a single plastid p e r cell, an d  un ilocu lar sporan­
gia. According to Fletcher (1974, 1987) and  Kristiansen 
and  Pedersen (1979), two entities are involved w ithin 
R einke’s concep t o f M. gelatinosum, rep resen ted  by 
the  above two descriptions. K ristiansen an d  P edersen  
(1979) suggested th a t M. gelatinosum should  be u n d e r­
stood in  the  original sense o f  Reinke (1888), w hereas 
the  alga w ith un ilocu lar sporangia is a Ralfsia-like 
p rostra te  system o f Scytosiphon. F letcher (1987), how­
ever, d isagreed with the descrip tion  o f the  p rostrate  
system as Ralfsia-like, based on  the streng th  o f the 
e rec t filam ents u n ion . A ccording to  him , in  the  Ralf­
sia spp. the erec t filam ents are m ore  strongly ad­

jo in ed .
Scytosiphon lomentaria is usually rep o rted  to have a 

h e te ro m o rp h ic  life history w ith small crustose a n d /o r  
tu fted  stages (e.g. Microspongium, Stragularia, Ralfsia) 
associated with the erect blade (N akam ura 1965, L und 
1966, Tatewaki 1966, M cLachlan e t al. 1971, F letcher 
1974, N akam ura an d  Tatewaki 1975). W ynne (1969) 
rep o rted  th a t Ralfsia californica Setchell e t G ardner 
rep resen ted  the  crustose phase in  the  life history of 
the  pacific S. lomentaria and  Petalonia fascia, and  Rhodes 
a n d  C o n n ell (1973) re p o r te d  Ralfsia clavata (C ar­
m ichael) C rouan  sensu Farlow as the  crustose stage of 
n on iden tified  species o f Atlantic Scytosiphon an d  Peta­
lonia. Conversely, L und  (1966), studying m aterial 
from  D enm ark, considered  th a t the  m icrothallus and  
the  Scytosiphon thallus were b o th  d ip loid  structures 
an d  suggested th a t A tlantic S. lomentaria may n o t be 
conspecific with algae o f the  Pacific. H e identified  the
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sporophyte m icrothallus as M. gelatinosum. Similar re­
sults were ob ta ined  by o th e r researchers also w orking 
with Atlantic m aterial (M cLachlan e t al. 1971, F letcher 
1974, Kristiansen and  Pedersen 1979).

H ere we describe the m orphology o f Azorean plants 
o f S. lomentaria and  M. gelatinosum and  investigate the 
life history connection  betw een these two entities in 
this region o f the Atlantic O cean.

MA TERIALS AND M ETH O D S

Algal m ateria l u sed  in  th e  p re sen t study was collected  
m on th ly  from  May 1998 to May 1999 a t seven sites a ro u n d  the  
island o f Sao M iguel, Azores (Fig. 1). C ollecting co n tin u ed  u n ­
til May 2001 to provide m ateria l fo r unialgal cultures.

All specim ens were n u m b ered , an d  a re fe ren ce  collection  
was m ade  an d  dep o sited  in  the  D ep artm en t o f  Biology, U niver­
sity o f the  Azores. T h e  code n u m b ers  o f  represen tative  speci­
m ens are given in  the  text. T he  systematic o rgan ization  a n d  no- 
m en c latu ral synopsis u sed  generally  follows Silva e t al. (1996). 
M easurem ents o f cells a n d  o th e r  struc tu res were m ade  using a 
m ic ro m eter eyepiece. U nialgal cu ltu res were established. Small 
segm ents o f thalli bearin g  u n ilo cu lar spo rang ia  (M. gelatinosum, 
29 specim ens) o r p lu rilo cu la r sporangia  (S. lomentaria, 70 speci­
m ens) were p laced  in  d rops o f G ru n d  cu ltu re  m ed ium  (von 
Stosch 1963), follow ing th e  isolation tech n iq u e  o f W ynne 
(1969). A fter se ttlem ent, the  coverslips with a ttach ed  spores 
were p laced  in to  P etri dishes co n ta in ing  the  sam e m edium . 
Two sets o f  en v ironm en ta l regim es were used  (15° C, 8:16-h 
light:dark , an d  22° C, 16:8-h light:dark , u n d e r  flu o rescen t light­
in g  o f  a p p ro x im ate ly  3 0 -5 0  |am ol p h o to n s* m -2*s-1)> c o rre ­
sp o n d in g  approx im ately  to the  w in ter a n d  sum m er in te rtid a l 
conditions o f Sao M iguel Island. A m in im um  o f fo u r replicates 
was used  u n d e r  each  cu ltu re  regim e. I f  a sub seq u en t g en era ­
tion  was req u ired , fertile  m ateria l was subcu ltu red . All cu ltu res 
were ex am in ed  a t least every 5 days.

RESULTS

Morphology and phenology of Scytosiphon lom entaria. 
Specim ens stud ied  were SMG-98-752, SMG-98-931, 
SMG-99-440, SMG-99-653, SMG-99-798, and  SMG-99- 
800. Plants com prised a tubu lar thallus, simple, cylin­
drical, hollow, and  com m only constricted  at intervals, 
and  m easured  up  to 33 cm ( — 40 cm) long  and  2.3 
m m  wide. In  surface view, cells (5-11 X 4-6  pm ) were 
irregularly placed. Each cell had  one plate-like pari­
etal plastid with one to two pyrenoids. In  section (Fig. 
2A), thalli com prised  a cortex  o f two layers o f small 
p igm en ted  cells (ou ter cells, 8-10 X 5-8  pm ; in n e r 
cells, 9-15 X 7—9 pm ) and  an in n e r m edulla. T he m e­
dulla was fo rm ed  o f fou r to five layers o f irregu lar and  
colorless cells, each with a thick wall (ou ter cells, 10- 
40 X 10-24 pm ; in n e r cells, 42-73 X 30-50 pm . Hairs 
(6-12 pm  in d iam eter) arose from  superficial cells. 
T he p lurilocu lar sporangia were fo rm ed  in co n tinu ­
ous sori on  the thallus surface and  arose from  the cor­
tical cells in  closely packed vertical rows. They were 
com m only uniseriate, som etim es biseriate, 23-43 pm  
(seven loculi) long  and  4-5  pm  in diam eter, with sub­
quadra te  to rectangu lar loculi (5 -6  X 4-5  pm ). Asco- 
cyst-like cells were elongate to pyriform  in shape, 2 2 - 
29 X 6-11 pm . U nilocular sporangia were n o t ob­
served on e rec t thalli.

Scytosiphon lomentaria was observed from  February 
to July at all sites, on  stones, bedrock, and  o th e r h ard  
substrata in  the m id to low-tide reg ion  o f exposed 
shores and  also in tide pools. All specim ens collected 
were reproductive.
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F i g . 1. (A) L ocation  o f the  arch i­
pelago o f th e  Azores in the  N o rth  At­
lantic. (B) Position o f th e  island o f Sao 
M iguel in  th e  a rchipelago. (C) Loca­
tion  o f the  study sites.
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Morphology and phenology of M icrospongium  gelati­
nosum . Specim ens stud ied  were SMG-98-620, SMG- 
98-754, SMG-98-811, SMG-98-829, SMG-98-880, and  
SMG-98-947. P lants o f Microspongium were epilithic, 
crustose to slightly pulvinate in  appearance , spongy in  
texture, dark  brow n to black in  color, circular or 
m ore com m only irregularly  sp reading  over several 
centim eters, firmly a ttached  to the  substratum , and

usually w ithout obvious rhizoids. Crusts com prised a 
m onostrom atic  base, w hich gave rise to erec t usually 
u n b ran ch ed  co h eren t filam ents u p  to 12 cells (108 
pm ) long, easily separable u n d e r  pressure (Fig. 2B). 
Basal cells (10-26 X 6-10 pm ) were com m only rect­
angular; u p p e r  cells (8-34  X 8-12 pm ) were quad­
rate, elongate, o r slightly pyriform . Cells possessed in  
the  u p p e r reg ion  a single, parietal, plate-like plastid
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Fig. 2. Cross-section o f m atu re  thallus o f field  Scytosiphon lomentaria b ea rin g  p lu rilo cu la r sporang ia. (A) P o rtio n  o f fertile  thallus 
o f field  Micospongium gelatinosum w ith m atu re  u n ilo cu lar sporang ia. (B) D evelopm ent o f  Scytosiphon lomentaria in  cu ltu re. (C -E ) Prog­
eny derived from  p lurispores. (C) K notted  structure; (D) m ultistratose crust derived from  squash  o f k n o tte d  struc tu re ; (E) squashed  
crust w ith latera l u n ilo cu lar sporang ia  em erg in g  from  th e  base o f paraphyses. (F) Cylindrical b lades derived fro m  un ispores o f crus­
tose thalli.
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with one pyrenoid. LTnilocular sporangia (46-102 X 
14-32 p,m) were in  extensive spongy sori on  the  crust 
surface. T hey  w ere e longate-pyriform  o r elongate- 
cylindrical an d  sessile (Fig. 2B). T he associated para- 
physes were lin ear in  shape an d  up  to 10 cells long. 
P lurilocu lar sporangia  were n o t observed.

Microspongiumgelatinosumwas com m on th ro u g h o u t 
d ie  year a t all sites visited except Calhetas and Mosteiros 
on  rocks and  in  pools at low-tide level. Reproductive 
plants were found all year round.

Cultures established from the field  Scytosiphon lom en­
taria. T he plurispores were p ea r shaped, laterally bi­
flagellated, contained a large plastid an d  a red  eye spot, 
and  m easured  after se ttlem ent 5-8  p m  in  diam eter. 
W ithin 1-3 days, they developed in to  small germ lings. 
Transverse divisions a long  these germ lings p ro d u ced  
sh o rt filam ents usually term inated  by a m ulticellu lar 
hair. Each cell o f the  filam ent co n ta ined  one  large 
parie ta l plate-like plastid w ith a p ro m in en t pyrenoid. 
Some germ lings con tinued  to develop an d  form ed 
b ran ch ed  prostrate  filam ents. In  som e cases the  cells 
o f these filam ents fo rm ed  secondary  long itu d in a l 
walls and becam e knotted  (Fig. 2C). These knotted 
structures possessed num erous hairs and  w hen squashed 
revealed a central base with radial erect filam ents tha t 
resem bled a three-dim ensional crust (Fig. 2D). O th e r 
germ lings gave rise directly to disks strongly ad h e re n t 
to d ie  substratum , w hich by con tinuous divisions o f

the  cells gave rise to a m ultistratose crust. T he basal 
cells o f this crust (5-16  X 5-14  pm ) gave rise to  erect 
an d  tightly b o u n d  to g e th er u n b ran ch ed  filam ents u p  
to  82 p m  (13 cells long), com posed o f  rectangu lar 
cells (8-13  X 7-11 p m ). U nilocular sporangia (17-63 
X 9-25 pm ), elongate-pyriform in shape (Fig. 2E), were 
form ed laterally on  die erect filaments o f many knotted 
structures and  crusts. They were protected by linear 
paraphyses (78-100 X 6-8 pm ) up  to 10 cells long. The 
unispores released were pear shaped, laterally biflage- 
lated, and  had  a prom inen t plate-like plastid with one 
pyrenoid. After approxim ately 2 weeks, the germlings 
produced  small erect filaments, with longitudinal divi­
sions and  term inal hairs, which within 2 m onths had  be­
come parenchymatous, producing erect blades (Fig. 
2F). Blades were also produced  directly as extensions of 
tile surface cells o f the initial germlings, knotted struc­
tures, and polystromatic crusts and  initially resem bled 
filaments term inated by a true hair. A series of transverse 
an d  long itud inal divisions o f these small filam ents 
p ro d u ced  parenchym atous erec t blades identical to 
Scytosiphon specim ens, w hich after 1 m o n th  developed 
plurilocular sporangia on  their surface.

Cultures established from the field M icrospongium  gelat­
inosum . T he unispores (6-8  m m  in  d iam eter after set­
tlem ent) h ad  a sh o rt perio d  o f m otility (abou t 5-10 
m in) an d  rapidly settled  a ro u n d  the em pty un ilocu lar 
sporangia. W ithin 1-2 days, they developed in to  small

200 pm

Fig. 3. D evelopm ent o f Microspongium gelatinosum in  cu ltu re  (p rogeny  derived from  un isp o res). (A) P rostra te  grow th a n d  disk 
fo rm atio n  from  20-day-old k n o tte d  s truc tu re . (B) Crust w ith tru e  hairs. (C) Initial fo rm atio n  o f erect b lade  (arrow ) from  a 10-day-old 
germ ling  filam ent. (D) Cylindrical thallus show ing rhizoidal filam ents a n d  tru e  hairs.
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germ lings, with cells con ta in ing  one large plate-like 
plastid with one pyrenoid. In  som e germ lings cell divi­
sions con tin u ed  to form  filam ents, w hich by fu rth e r 
divisions p ro d u ced  kno tted  structures and  discs (Fig. 
3A). Disks were also p ro d u ced  directly from  the kno t­
ted  structures w hen these had  good con tact with the 
substratum . T he disks grew by transverse divisions o f 
the apical cells o f the confluen t filam ents. Some re­
m ained  m onostrom atic and  irregu lar in outline. O th ­

ers becam e bigger and  thicker, fo rm ing  polystrom atic 
crusts (Fig. 3B). In  squash preparations, these crusts 
revealed ad jo ined  e rec t filam ents and  one o r two lay­
ers o f basal cells. T rue hairs were p resen t on  all struc­
tures. E rect blades, resem bling Scytosiphon, were p ro ­
d u ced  vertically from  cells o f  th e  in itia l g erm lin g  
filam ents, the kno tted  structures, and  the m onostro ­
m atic disks. They were usually in itia ted  as small unise­
riata filam ents (Fig. 3C), with a term inal colorless hair,

TH

F i g . 4. D iagram m atic illustrations o f the  life history o f A zorean Scytosiphon lomentaria in cu ltu re. (A) M acrothallus with p lu rilo cu ­
lar sporangia. (B) Transverse section  o f a sm all p o rtio n  o f m acro thallus with p lu rilo cu la r sporangia. (C) Spore from  th e  p lu rilocu lar 
spo rang ia  (p lu rispo re). (D) C rustose m icrothallus. (E) C rustose m icro thallus with e rec t b lades a n d  tru e  hairs em erg ing . (F) 
Squashed  m icro thallus with un ilo cu lar sporang ia  a n d  paraphyses. (G) Spore from  the  un ilo cu lar sporangia  (u n isp o re ). AS, ascocyst; 
MA, m acrothallus; MI, m icrothallus; PH , paraphyses; PS, p lu rilo cu la r sporangia; TH , tru e  hair; US, un ilo cu lar sporangia.
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T a b l e  1. C om parative m easu rem en ts o f Microspongium gelatinosum from  th e  Azores, D enm ark, th e  British Isles, th e  M ed ite rranean , 
a n d  Jap an .

A zores D en m a rk B ritish Isles M ed ite rran ea n J a p a n

M axim um  thickness; p m  
D iam eter o f  e rec t filam ents; p m  
U nilocu lar sporangia  
No. o f cells in  paraphyses 
Source

200 
6-12 

46-102 X 14-32 
5-8  

P aren te  et al. 
(2000)

170-250
7-8

70-100 X u p  to  20

L und
(1996)

> 430
5-10  

48-100 X 16-27
6-8  

F le tcher
(1987)

400

50-130 X 13-30 
5-10  

Sartoni a n d  B oddi 
(1990)

160-300 
7-12 

60-150 X 18-28

Kogam e
(1998)

an d  s i ib seq u en l ly  becam e parenchym atous by trans­
verse an d  longitud inal divisions (Fig. 3D). P lurilocular 
sporangia  were observed on  th e ir  surface.

T he p resen t observations indicate th a t A zorean S. 
lomentaria has a m onophasic  an d  he te ro m o rp h ic  life 
history (Fig. 4) in  w hich the crustose m icrothallus tha t 
bears un ilocu lar sporangia resem bles M. gelatinosum. 
Sexual rep roduc tion  was n o t observed.

D ISCU SSIO N

T he A zorean S. lomentaria agrees well w ith the de­
scrip tion given by F letcher (1987). T he A zorean m ate­
rial o f M. gelatinosum agrees w ith the m ateria l with 
un ilocu lar sporangia  described by Reinke (1889) and  
corresponds well w ith the  descriptions an d  illustra­
tions given by m any au thors for specim ens collected 
elsewhere (L und 1966, F letcher 1987, Sartoni and  
B oddi 1990, Kogam e 1998). D ifferences were only 
found  on  the thickness o f the  thallus, A zorean speci­
m ens having th in n e r thallus w hen  com pared  with m a­
terial from  the  British Isles an d  the M editerranean  
(Table 1).

T he occurrence o f a m onophasic  an d  h e te ro m o r­
phic life history observed in  the  p resen t study has also 
been  rep o rted  by W ynne (1969) an d  K ristiansen and  
P edersen  (1979). Sexual rep ro d u c tio n  was n o t ob­
served fo r A zorean specim ens. These results contrast 
with the  studies o f N akam ura an d  Tatewaki (1975) 
an d  Clayton (1980), w ho rep o rted  gam etic fusion. In 
the la te r studies, e rec t hap lo id  thalli released ga­
m etes, w hich after fusion germ inated  in to  dip lo id  
crusts. These crusts developed un ilocu lar sporangia, 
w here m eiosis occurred , an d  un ispores gave rise to 
new erec t hap lo id  blades. In  these cases, the erect 
thalli rep resen t the gam etophyte th a t alternates w ith a 
sporophyte rep resen ted  by the  crustose thalli.

Isolated cultures o f plurispores from  A zorean S. lo­
mentaria p ro d u ced  crustose thalli, bearing  un ilocu lar 
sporangia. T hese thalli com prised a m onostrom atic 
basal layer, la ter becom ing  m ultistratose an d  cells 
with only one plastid. T hese are  characteristics com ­
m on  to th ree  d ifferen t genera— Ralfsia, Stragularia 
(separated  by som e au tho rs from  Ralfsia), an d  Micro­
spongium—b u t only the  la te r has filam ents easily sepa­
ra ted  u n d e r  pressure in  squash p repara tions (W ynne 
1969, F letcher 1974). It is therefo re  suggested th a t 
A zorean S. lomentaria is associated with the  crust M. ge­
latinosum. T he  results ob ta ined  from  the cu lture stud­
ies su p p o rt this hypothesis: S. lomentaria b ro u g h t from

the shore gave rise in  cu lture to crustose thalli iden ti­
fied as M. gelatinosum, an d  M. gelatinosum collected 
from  the  shore gave rise to e rec t Scytosiphon b lades in  
culture. O th e r investigations (L und  1966 in  D en­
m ark, M cLachlan e t al. 1971 from  the n o rth east coast 
o f  C anada, F letcher 1974 in  the  British Isles, Kris­
tiansen an d  P edersen  1979 in  D enm ark, Kogame 
1998 in  Jap an ) concu r w ith o u r observations an d  con­
clusion in  th a t they found  a life history re lationsh ip  
betw een Scytosiphon an d  Microspongium. Still o th e r  in ­
vestigations (N akam ura 1965, Tatewaki 1966 [Japan], 
W ynne 1969 [C aliforn ia], C layton 1980 [A ustralia], 
Rhodes and  Connell 1963 [Atlantic O cean]) have shown 
a relationship between crustose Ralfsia-like thalli an d  S. 
lomentaria. F le tcher (1987) n o ted  th a t the  illustrations 
o f  the  crustose thalli described by N akam ura and  
Tatewaki (1975) an d  Clayton (1980) as Ralfsia-like re ­
sem bled M icrosfurugiit m-\i ke thalli. In  a recen t study 
with Japanese  p lants (Kogam e 1998), M. gelatinosum 
was recognized as be ing  the  crust associated w ith S. lo­
mentaria. This a u th o r also showed th a t the crust id en ­
tified as Ralfsia-like by N akam ura and  Tatewaki (1975) 
was in  fact Microspongium. T herefore, Microspongium is 
associated with S. lomentaria in  m ost o f these previous 
studies. O n the o th e r hand , F letcher (1987) also no ted  
th a t cu ltu red  crusts o f C alifornian S. lomentaria shown 
by W ynne (1969) are  clearly Ralfsia-like. This suggests 
th a t C alifornian S. lomentaria may be n eed ed  to be re ­
exam ined.
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