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ABSTRACT: AcJnetospora crinita from the Mediterranean Sea has been studied in laboratory 
cultures. The plants formed monospores and unilocular sporangia. Both monospores and zoids from 
unilocular sporangia developed to new plants with the same habitus and chromosome number 
(average ca 47). This indicates that meiosis in unilocular sporangia fails, and that sexuality has been 
lost in the cultures studied. It is concluded that loss of sexuality is the cause of the great variability 
and establishment of distinct geographically isolated populations in the genus Acinetospora. 

INTRODUCTION 

The genus  Acinetospora was in t roduced by Bornet (1891) for f i lamentous  b rown 
algae resembl ing  •ctocarpus, referr ing to the presence  of p lur i locular  reproduct ive 
structures with non-mot i le  "acinetospores".  Addi t ional  gener ic  characters are mul t ip le  
intercalary meristematic  zones and  short side branches  n a m e d  "crampons"  in the French 
l i terature (Cardinal,  1964). In a study based on laboratory cultures Kornmann  (1953) 
combined  the two previously recognized taxa unde r  the n a m e  A. crinita (Carmichael) 
Kornmann.  The taxonomic status of this complex is at present  unsatisfactory, and  many  
quest ions are unresolved.  

Reproductive structures in Acinetospora (normal plur i locular  sporangia,  p lur i locular  
organs with "acinetospores",  uni Iocular  sporangia  and  monosporangia)  may be present  
s ingly or in various combinat ions,  or natura l  popula t ions  are ent i re ly  vegeta t ive  (Amsler, 
1984). Morphological  t ransi t ions be tween  Acinetospora and  Giffordia or Feldmannia in 
response to external  condit ions are discussed by Knoepffler-P~guy (1972, 1974). 

Culture studies with A. crinita (Carmichael) Kornmann  collected in List/Sylt (Ger- 
man  Bight) and  Southern  Austral ia  gave similar results: in  both cases plurispores 
reestabl ished the Acinetospora-phase (Clayton 1974; Kornmann  1953). In addi t ion  
Kornmann followed the deve lopmen t  of zoids from uni locula r  sporangia  in the mater ial  
from List/Sylt. He obta ined  dwarf p lants  corresponding to two species of Feldmannia 
which he considered to represent  haploid  gametophytes.  Both Kornmann ' s  and  Clayton 's  
isolates lacked monosporangia ,  whereas  plants  from Helgo land  cul tured by Schmidt 
(1940) formed monosporang ia  as wel l  as uni locular  and  plur i locular  organs. 

This short list indicates  that the Acinetospora complex is qui te  he te rogeneous  and  
probably  contains genet ica l ly  different entities, Cul ture  exper iments  on a ne w  isolate 
from Naples, Italy now offer a possible  explanat ion  for this heterogenei ty:  the loss of 
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sexual i ty .  This process  a l lows the d e v e l o p m e n t  and  e s t ab l i shmen t  of gene t ica l ly  isola ted 
popula t ions ,  thus c rea t ing  the bas is  for g rea t  morpho log ica l  and  phys io log ica l  varia-  
bil i ty.  

MATERIALS AND METHODS 

Fer t i le  f ragments  of Dictyopteris membranacea were  co l lec ted  on 15 October,  1983 
in Naples ,  Italy. Four  w e e k s  later ,  mats  of Acinetospora with  monospores  and  uni locular  
spo rang i a  a p p e a r e d  in these  raw cultures.  One  un i locu la r  spo ra ng ium was isolated.  Two 
g e r m l i n g s  from this  p r o g e n y  were  u sed  to es tab l i sh  the  c lonal  cul tures  on which  al l  
obse rva t ions  r epo r t ed  he re  are  based .  

Cul ture  m e d i u m  was  na tu ra l  Nor th  Sea  w a t e r  (German  Bight, sa l in i ty  28%0) 
en r i ched  after Provasol i  (PES, Starr, 1978). Cul tures  were  ma in t a ine d  in po lys tyrene  
pe t r i  d i shes  at var ious  l ight  and  t e m p e r a t u r e  regimes .  Whi te  f luorescence  l ight  wi th  
pho ton  f luence  rates  r ang ing  from 3 to 24 pE m -2 s -1 for da i ly  pe r iods  of 14, 12 or 10 h 
were  c o m b i n e d  wi th  t empe ra tu r e s  of 20, 17, 12 and  8 °C. 

Cyto log ica l  observa t ions  and  ch romosome  counts  were  made  on spec imens  s ta ined  
wi th  ace toca rmine  and  e m b e d d e d  in Euparal .  

RESULTS 

Al l  combina t ions  of cu l ture  condi t ions  spec i f i ed  above  inc lud ing  expe r imen t s  with 
i n c r e a s e d  sa l in i ty  (31 and  34 %) s h o w e d  es sen t i a l ly  s imi la r  results :  typical  morpholog i -  
cal  a p p e a r a n c e  of Acinetospora and  format ion  of monospores  and  un i locu la r  sporangia .  

M o r p h o l o g y  

Acinetospora in my  cul tures  consists  of un i se r i a t e  f i laments  wi th  un l imi t ed  growth, 
loca l i zed  in i r r egu la r ly  d i s t r ibu ted  mer i s t ema t i c  zones  (Fig. 1). Cel l  wid th  is 25-30 ~tm, 
cel l  l eng th  var ies  from 12 ~m in mer i s t ema t i c  zones to 100 ~m in fully d i f ferent ia ted  
cells.  F i l amen t  cel ls  conta in  up  to 100 d i sco id  to i r r egu la r ly  lobed  p las t ids  wi th  1 or 2 
pyrenoids .  Latera l  b r anches  of two types  are  inse r t ed  at r ight  angles :  new ass imi la tory  
f i laments  wi th  un l imi t ed  growth,  and  f ew-ce l l ed  rh izo id - l ike  structures (crampons, 
Fig. 2). Latera l  b r a n c h i n g  is often c o m b i n e d  wi th  a charac te r i s t ic  bend  in the  main  
f i lament .  Pseudo-ha i r s  wi th  a basa l  mer i s t em are  formed in o lder  cul tures  as la teral  
a p p e n d a g e s  inser ted  at r ight  ang l e s  on the f i l aments  (Fig. 1). 

M o n o s p o r e s  

Latera l  ou tgrowths  of f i l ament  cei ls  of ten de ve lop  into sess i le  or s ta lked,  s l ight ly  
ob long  rep roduc t ive  bod i e s  m e a s u r i n g  on a v e r a g e  35 × 45 ~tm. A s ingle  nucleus  is 
loca ted  in the  cent re  of the cel l  wh ich  conta ins  consp icuous  s t rongly  refract ive material .  
These  i m m o b i l e  monospores  (Fig. 3) a re  d i s cha rge d  th rough  an ap ica l  aper ture .  They 
g e r m i n a t e  d i rec t ly  in uni° or b ipo la r  m a n n e r  to an  inconsp icuous  c reep ing  base,  from 
which  rise the  typ ica l  Acinetospora f i laments .  
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Figs 1-8. Acinetospora crinita. Fig. 1 Fi lament  with intercalary growth zone and  pseudo-ha i r  with  
meristematic base. Fig. 2 Short side b ranch  (crampon) on f i lament cell. Fig. 3 Mature  monosporan-  
gium in the process of spore release.  Fig. 4 Unilocular  sporangium initial. Prophase with chromo- 
some threads arranged asymmetr ical ly  (arrow). Acetocarmine staining. Fig. 5, 6 Unilocular  sporan- 
gia, with individual  zoids d iscernible  (6). Fig. 7 Zoids from unilocular  sporangia  with front flagella. 
Fig. 8 Germling derived from zoid of uni locular  sporangium, three  days old. Scale bars in ~m. Scale 

bar  of Figure 2 valid for all f igures except  1 and  4 

U n i l o c u l a r  s p o r a n g i a  

U n i l o c u l a r  s p o r a n g i a  a re  f o r m e d  c o n c o m i t a n t l y  w i t h  m o n o s p o r e s  as  s e s s i l e  l a t e r a l  

a p p e n d a g e s  on  f i l a m e n t  cel ls .  O c c a s i o n a l l y ,  i n i t i a l s  of u n i l o c u l a r  s p o r a n g i a  s h o w e d  

a s y m m e t r i c a l  a r r a n g e m e n t s  of c h r o m o s o m e  t h r e a d s  (Fig. 4), w h i c h  a r e  c h a r a c t e r i s t i c  for  
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meiotic prophase stages in many brown algae. Unilocular sporangia are nearly globular 
with average dimensions of 37 × 43 gm (Figs 5, 6) and contain 8, 16 or 32 zoids. These 
are pear-shaped,  10 × 20 gm, or sometimes globular. In most cases, only one anterior 
f lagellum can be clearly seen (Fig. 7). The zoids contain several discoid plastids, but an 
eye-spot  could not be detected. They move sluggishly, and settle down within 1 h after 
release. Germinat ion takes places immedia te ly  after settlement. Most plastids move into 
a tubular  protuberance (Fig. 8), and the germinat ing filament increases in diameter, 
eventual ly  result ing in a basal  creeping filament which gives rise to Acinetospora plants 
in the same way as the monospores. 

C h r o m o s o m e  coun t s  

Prophase stages were most frequently encountered in filament cells cutting off 
lateral structures by unequal  cell divisions. The same ploidy level was found in all plants 
with chromosome counts ranging from 36 to 57 (average 47) on 16 prophases. 

DISCUSSION 

The morphology of the plants s tudied here corresponds closely to the material 
descr ibed by Sauvageau (1931) under  the name Ectocarpus crinitus Carmichael, except 
that Sauvageau 's  specimens from the French Medi ter ranean coast lacked monosporan- 
gia. The most deta i led information on Acinetospora was given by Kornmann (1953). 
Culture experiments with material  originating from the German coast (List/Sylt) gave 
the following results: pluri locular  zoidangia  released f lagel lated or motionless cells 
which developed to plants with the same habit. Unilocular sporangia released zoids 
which grew up to plants of different habitus, resembling most closely Feldmannia 
padinae (Buffham) Hamel  and F. lebelii (Areschoug) Hamel. These small plantlets 
showed pluri locular  reproductive organs with loculi of different size. This fact together 
with their  origin from unitocular sporangia  was considered by Kornmann as evidence for 
their potential  gametophytic  character, al though no sexual reactions could be detected. 
The Feldmannia-stages reproduced themselves through plurispores. Re-establishment 
of the Acinetospora-phase occurred only once in Kornmann's cultures under  unspecified 
conditions. 

The Medi terranean isolate from Naples which was studied here clearly differs in 
respect of its life history from Kornmann's material,  al though the Acinetospora stages 
appear  similar. The regular  occurrence of unilocular sporangia suggested the possibility 
of obtaining gametophytes  from meiospores, an approach which has been successful in 
many cases (Mfiller, 1981, 1984; Henry & Miiller, 1983; Peters, 1984). Contrary to this 
expectation, unispores reestabl ished the Acinetospora-habitus in continuous succession. 
This observation suggests failure of meiosis in unilocular sporangia of Acinetospora, 
which is confirmed by identical  chromosome numbers in successive generations. Failure 
to reduce chromosome numbers in spite of the typical  spireme stages (bouquet confi- 
guration) of chromosomes in unilocular  sporangium initials has also been reported in 
Fctocarpus siliculosus (Miiller, 1967) and Haplospora globosa (Kuhlenkamp & Mfiller, 
1985). 

Acinetospora can be considered as the sporophyte phase of a formety complete 
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sexual life history with  a game tophy te  phase.  Apomeios i s  e l imina ted  sexual i ty  and led 
to a variety of gene t ica l ly  isolated non-sexua l  populat ions.  This process can exp la in  the 

high degree  of var iabi l i ty  found in geograph ica l ly  separa ted  populat ions.  The  former 

gametophytes  may cont inue to exist  i n d e p e n d e n t l y  as microscopic  forms l ike the two 

Feldmannia species  men t ioned  above,  and p ropaga te  by apomixis  through their  pluri-  
zoids. Evolut ionary steps of this type have  b e e n  discussed by Fe ldmann  (1952). In this 

connect ion it would  be  most impor tant  to know, w h e th e r  the G e r m a n  mater ia l  i n d e e d  

unde rwen t  meiosis  as was conc luded  by Kornmann (I953) wi thout  cytological  confirma- 
tion. 

A similar  apomeiot ic  life history has been  repor ted  for the f resh-water  b rown a lga  

Bodanella tauterborni (Miiller & Geller ,  1978) whe re  reproduct ion  occurs exc lus ive ly  
through uni locutar  sporangia.  

The isolates used for the cul ture  s tudies  descr ibed  here  did not show the po lymorph-  
ism and morphologica l  transit ions to characters  of the gene ra  Giffordia and Feldmannia  

as reported by Knoepff ler-P6guy (1972) in cul tures  of Acinetospora from Banyuls  (French 

Medi te r ranean  coast). This d i sc repancy  may  be a t t r ibutable  to gene t i ca l ly  different  
mater ia ls  in both studies:  the cul tures  from Banyuls formed pluri locular ,  those from 
Naples  uni locular  sporangia  in addi t ion  to monosporangia .  

In any case, the results of the cul ture  exper iments  repor ted  here  c lear ly  show that 

Acinetospora crinita (Carmichael)  Kornmann from He lgo land  is gene t i ca l ly  different  

from A. crinita (Carmichael)  S a u v a g e a u  from the Med i t e r r anean  Sea. They  also sugges t  
that the Acinetospora complex  as wel l  as the taxonomical  status of many  lower  taxa 

within  the family Ec tocarpaceae  can only be resolved  by rigorous cul ture  studies. 
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