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ABSTRACT: In coralline algae, anatomy has long been used for generic definition, in addition to 
reproductive structures. Coralline anatomy is here analysed according to its two main components: 
cell behaviour and morphogenesis. The meristems and their function are explained and the main 
types of organization are examined in an evolutionary context. Emphasis is given to ontogenetical 
data such as the occurrence of metamorphosis and progressive development in some species of the 
lm'thophyllum complex, which have raised difficulties for generic definitions in the past. Conse- 
quently, a certain number of terms (epithallus, hypothallus, perithallus) are clarified and some of 
them restricted in relation to their morphogenetic significance. As a consequence of this clarification, 
evolutionary groups are defined and within them parallel phylogenetic lines appear as continuums 
along which genera are morphogenetic steps. 

INTRODUCTION AND HISTORICAL BACKGROUND 

Coralline a lgae  have  recently been  raised to ordinal status as the Corall inales (Silva 

& Johansen,  1986). Their  calcification creates a unifying character  and this mineralization 
has acted as a frame for their evolution. However ,  within this frame they exhibit  a wide  

range  of biological adaptations (Fig. 1), including morphological ly regressive and parasit- 

ic forms, highly deveIoped crustose thalli and art iculated or non-ar t iculated erect  thalli. 
Erect thalli a lways develop from a crustose stage wha teve r  their final complexity. 

As a general  rule, perhaps  because  of their calcification (they often look l ike stones), 

coralline algae are difficult to identify. One species can show a wide range  of morphologi-  

cal variability, while  fundamental ly  different species can look remarkably  similar. 
Perhaps this accounts for the fact that for many years the artificial b u t  easily recognised  

distinction be tween  articulated and non-art iculated forms w a s  used as a basis for 

classification (e.g. Areschoug,  1852; Hamel  & Lemoine,  1953), 
At the end of the last century anatomical  studies were  initiated. They  were  mainly 

based  on ground section techniques,  unadapted,  and it is still not easy to take the results 

into account (see, for example,  Weber  van Bosse & Foslie, 1904). The situation was 
improved by the introduction of histological procedures  (Lemoine, 1911) but still accom- 

panied  by highly static interpretations. Later, Suneson [t937, 1943) did more dynamic 

analyses mostly on the deve lopment  of reproduct ive structures. More recently, some 
authors localized growth and de f i ned  rneristems (Adey, 1964, 1965, 1966~ Johnson  & 

Adey, 1965; Masaki, 1968) but they did not emphasize their functional potentialities. 

�9 Dedicated to Dr. Dr, h, c, Peter Kornmann on the occasion of his eightieth birthday, 

�9 Biologische Anstalt Helgoland, Hamburg 
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Fig. I. Morphological diversity in coralline algae. A: Lithothamnion lenormandii (Areschoug) Foslie, 
a permanent crust; B: Lithothamnion corallioides Crouan, crustose forms with young branches on 
the left, free-hAng forms on the right; C and D: Corallina elongata Ellis & Solander, C: young erect 
branches attached to a pebble completely covered by a crust of Lithophyllum incrustans Philippi; 

D: normal aspect of an adult thallus. Scale bar: 1 cm 

Fifteen years ago, an at tempt was made to improve generic definitions according to 
morphogenetic  potentialities (Cabioch, 1972). Anatomy was analysed according to its two 
main  components:  cell behaviour  and morphogenesis.  Morphogenetic  data  were first 
obtained from ontogenetic observations on the progressive es tabl ishment  of an adult  
organization from the spore. The function and behaviour of meristems dur ing ageing,  and  
repair phenomena  were also taken into account. This study revealed unexpec ted  
affinities be tween  the genera;  for instance, close relationships be tween  art iculated and 
non-art iculated forms. A new formulation of their phylogenetic  position was proposed 
leading to a more natural  classification of the group (Cabioch, 1971). 

The first observations with electron microscopy (Bailey & Bisalputra, 1970; Cabioch & 
Giraud, 1974) led to a general  search for cytological pecuharit ies mainly in relation to 
mineralization. Some results emphasized the general  features of ultrastructure in coral- 
line algae (Giraud & Cabioch, 1977); others elucidated the precise steps of calcification 
(Borowitzka et al. 1974; Giraud & Cabioch, 1976a, 1979; Giraud & Hauswirth, 1979). 

Nowadays, interest in coralline algae is greatly increasing throughout  the world. 
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They  are impor tant  reef-bui lders  and  the need  for their  identif icat ion is r equ i red  not  only 
by  systematicists,  but  also in the field of mar ine  ecology. However ,  too many  species  have  
been  descr ibed  in the  pas t  (Woelkerling,  .1984) so that  many  special is ts  must  turn aga in  to 
he rbar ium studies  (Chamberlain,  1983; Mendoza  & Cabioch,  1984, i985, 1986; Woelker l -  
ing, 19851 Woelker l ing  et al. 1985, 1986a, b) often far r emoved  from na ture  and 
somet imes  difficult to rely on consider ing the biological  complexity.  Morphogenes i s  has 
therefore  b e e n  somewhat  neg lec ted  and it seems impor tant  to recal l  its sys temat ica l  
significance. 

In addit ion,  a certain number  of terms which  were  in t roduced  in the  pas t  for 
ana tomica l  descr ipt ions are still used.  It now appears  that  they  have  b e e n  a pp l i e d  to 
structures comple te ly  different in origin and function. Their  res t r ic ted and  precise  
definit ion has  also to be  recalled.  

CYTOLOGICAL PECULIARITIES - A REVIEW 

Whatever  their  morphological  complexity,  corall ine a lgae  are  all buil t  according  to 
the mult iaxial  type  (Oltmanns, 1904; Kyhn, 1956) or der ived  from it. The  organ ized  files of 
cells can easily be  seen  on sections after decalcif icat ion (Figs 2, 3, 4). 

Under  the  electron microscope the cells show all the usual  characters  of rhodophy-  
cean  cytology. Pueschel  & Cole (1982) have descr ibed  pit  p lugs  of a special  type, 
considered character is t ic  of the  order. They have a d i sc-shaped  p lug  core and a pair  of 
globose p lug  caps, the functional  s ignif icance of which  should be  discussed.  

M i n e r a l i z a t i o n  

Minerahza t ion  has been  the subject  of many  observat ions and rev iew papers  
(Borowitzka, 1977, 1982a, b; Cabioch & Giraud, 1986; Littler, 1976; Pentecost ,  1980). It 
occurs directly in the vege ta t ive  cel l-wall  as a deposi t ion of calcite crystals. Two main  
features  have so far been  de te rmined:  

(1) Calcification involves two successive processes  that  can be  obse rved  in the  young  
superficial  zones (Giraud & Cabioch,  1979): at first, thin need les  a p p e a r  t angent ia l ly  in 
the outer  par t  of the  wail; they remain  localized in the interst i t ial  matrix; then, crystall iza- 
tion develops  radia l ly  in the cei l -frame itself in contact  with the p la smalemma;  

(2) Calcification, in its deve lopmen t  and main tenance ,  is strictly control led  by  a 
polysacar idic  and fibrillar matr ix  act ing as a pat tern.  This results  from the secretory 
activity of superficial  cells (Giraud & Cabioch,  1976b) which also p roduces  a genera l  
polysacchar id ic  ex terna l  enve lope  typical  of coralhne organizat ion (Fig. 2A, C). The 
chemical  nature  of these  polysacchar ides  may  be very  close to alginic acid (Okazaki  et al. 
1982, 1984). Local decalcif icat ion occurs when  reproduct ive  structures are formed. Spores 
(carpo- or tetraspores)  are a lways  uncalcified. The  first crystals a p p e a r  just  after sett le-  
ment  during the ear ly divisions {Cabioch, 1968; Cabioch & Ciraud, 1986). 

C e l l  a g e i n g  p h e n o m e n a  

Anas tomoses  b e t w e e n  ad jacent  cell-files occur in many  Rhodophyta .  They  are  
expecia l ly  signif icant  in corall ine algae.  When  ageing,  ne ighbour ing  cells of ad jacen t  
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f i l aments  c o n n e c t  af ter  local  ce l l -wal l  resorbt ions .  T h e  resu l t ing  a n a s t o m o s e s  a re  of two 

kinds:  fus ions  or s e c o n d a r y  pi t  connec t ions .  In the  latter,  a pi t  p l u g  s imilar  to t h e  p r ima ry  

ones  forms d i rec t ly  af ter  wa l l  resorbt ion.  T h e  dis t r ibut ion of the  two types  of a n a s t o m o s e s  

in cora l l ine  a l g a e  is s ign i f ican t  (Cabioch,  I970). T h e y  are  n e v e r  bo th  p r e s e n t  in a spec ies  

or a genus ,  e x c e p t  in the  g e n u s  Sporolithon (Archaeo-lithothamnium}. For  e x a m p l e ,  

a n a s t o m o s e s  (Fig. 3) a re  the  m a i n  bu t  f u n d a m e n t a l  d i f fe rence  b e t w e e n  Pseudolithophy1- 
lure and  Hydroh'thon - two g e n e r a  o t h e r w i s e  s imilar  in thal lus  o r g a n i z a t i o n  a n d  repro-  

duction.  

G E N E R A L  P A T T E R N S  O F  M O R P H O G E N E S I S  

G r o w t h  l o c a l i z a t i o n  - D e f i n i t i o n  of  m e r i s t e m s  

In spi te  of the i r  minera l i za t ion ,  cel l-fr ies g r o w  and  ramify  by  m e a n s  of i n i t i a 1 

c e l l s  a lways  loca l i zed  n e a r  the  tha l lus  su r face  in one  of two posi t ions:  t e r m i n a l  or 
i n t e rca la ry  (Fig. 2). 

1. W h e n  t e r m i n a 1, t he  ini t ial  cel ls  co l lec t ive ly  form t e r m i n a 1 m e r i s t e m s .  

Such  e x a m p l e s  a re  o b s e r v e d  at  the  m a r g i n  of c rus tose  forms (Fig. 2A, D) or  a t  t h e  a p e x  of 
s o m e  g e n i c u l a t e  forms such  as Corallina (Fig. 2C). In the  case  of crusts ,  t e rmina l  

m e r i s t e m s  can  b e  uni-  or  mul t i l aye red .  

2. W h e n  i n t e r c a l a r y ,  t he  ini t ial  cel ls  bu i ld  an  i n t e r c a l a r y  m e r i s t e m  

c o v e r e d  by  one  or s eve ra l  l ayers  of p ro t ec t i ng  cel ls  ca l led  c o v e r c e 11 s or  e p i t h a 1 - 

1 i a 1 c e 11 s. In te rca la ry  init ials  d iv ide  t r ansve r se ly  to p roduce  d a u g h t e r  cel ls  b o t h  a b o v e  

and  be low:  the  distal  a r e  ep i tha lha l  a n d  the  p rox ima l  normal  v e g e t a t i v e  cei ls  (Fig. 2B, E, 
F, G, H). S u c h  a pos i t ion  a n d  func t ion  reca l l s  w h a t  is w e l l - k n o w n  in P h a e o p h y t a  as 

t r i c h o t h a 11 i c g r o w t h.  Epi fha l l ia l  cel ls  h a v e  long  b e e n  cons ide r ed  m e r e l y  p ro tec -  

tive, bu t  e l ec t ron  mic roscopy  has  r e v e a l e d  the i r  in tens ive  sec re to ry  con t r ibu t ion  to the  

po lysaccha r id i c  ex te rna l  e n v e l o p e  (Giraud  & Cabioch ,  1976b). 

M a i n  t y p e s  of  o r g a n i z a t i o n  

The  d i f fe ren t  a r r a n g e m e n t s  of mer i s t ems ,  c o m b i n e d  wi th  thei r  p e r m a n e n t  or  t e m p o -  

rary act ivi ty  resu l t  in seve ra l  t ypes  of func t iona l  o rgan iza t ion  and  complex i ty .  T h e y  mus t  
be  o b s e r v e d  in radia l  sec t ions  of crusts  a n d  axia l  sect ions  of e rec t  b ranches .  

In spi te  of the  ex i s t ence  of mer i s t ems ,  v e g e t a t i v e  cell  a r r a n g e m e n t s  in mu l t i ce l l u l a r  

a l g a e  c a n n o t  b e  c o n s i d e r e d  exac t ly  e q u i v a l e n t  to w h a t  is c o m m o n l y  ca l l ed  t i s s u e in 

h i g h e r  p lants  (with one  excep t ion ,  pe rhaps ,  in the  m o r e  c o m p l e x  o r g a n i z a t i o n  of 

Fig. 2. Different kinds of meristems in coralline algae (radial sections in crusts, axial sections in 
branches, stained with haematoxylin and acid fuchsin). A: Mesophyllum hchenoides (Ellis) Lemoine, 
multilayered terminal and marginal meristem; B: id., intercalary superficial meristem; C: Corallina 
elongata, terminal meristem at the apex of a branch; D: Pseudolithophyflum expansum (Philippi) 
Lemoine, unflayered terminal and marginal meristem; E: Lithophyllum incrustans, intercalary 
meristem; F: Amphiroa sp., id. at the apex of a branch; G and H: Clathromorphum circumscriptum 
(Str6mfelt) Foslie, id. recalling the aspect of a trichothalhc growth, ev: polysaccharidic envelope; 

arrows', meristems; scale bar: 50 ~m 
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Laminariales). It thus seems better  to delete this term in the case of Corallinales, in 
agreement  with Fritsch (1945}. 

One of the most striking and important  f~atures of morphogenesis,  common to most 
coralline algae (with the exception of some regressed, parasitic species), is the  existence, 
during their hfe-cycle, of a crustose form, whatever  its development  and  dura t ion might  
be. Different kinds of complexity have been  observed; these are summarized  in Figure 5. 

(1) Forms with medium complexity - the example of I.u'thothamnion lenorrnandii 
(Areschoug) Foslie - a pe rmanen t  crust {Fig. 4A). 

The thallus grows parallel to its substrate by means  of a marginal  terminal  and  
mult i layered meristem. By transverse divisions, the marginal  initial cells produce a set of 
prostrate filaments usually called the h y p o t h a 11 u s. Pseudodichotomous divisions of 
these initials give rise upwards to erect filaments, the initials of which very soon become 
intercalary in position. Thus, a set of erect filaments build what  is termed a p e r i t h a 1 - 
1 u s growing by means  of an intercalary meristem and  covered bY an  epithallus 
(multilayered in this case}. Anastomoses in this example are exclusively cell fusions. 
Similar organization is met  with in other genera  (Neogoniofithon, Porolithon, Clath- 
romorphum, Sporolithon) sometimes with very different reproductive features. 

A similar a n a t o m i c a 1 aspect is offered by sections of crusts of Mthophyflum 
species (Fig. 4C, E). However, the adult  margin  grows in this case by means  of an 
intercalary meristem which is of a perithalhal nature  and origin as will be  shown later. 
The basal  mult i layered prostrate system is not equivalent  to the hypothal lus of 
Lithothamnion and  must  be named  differently. 

(2) More simphfied forms than that seen in L. lenormandii are found in several 
genera.  

They are crustose, often very reduced or epiphyfic but  sometimes developed and 
saxicolous. They expand  over the substrate by means  of a u n i 1 a y e r e d m a r g i n a 1 
and  t e r m i n a l  meristem thus producing a u n i l a y e r e d  h y p o t h a l l u s .  In some 
genera  (e.g. Hydrofithon, Pseudolithophyllum) marginal  initial cells give rise to a more or 
less developed perithallus with a typical intercalary meristem and a uni-  or mult i layered 
epithallus. In some more simplified examples (e.g. Melobesia, Posliella, Pneophyllum) 
the perithallus is reduced or absent  but  epithallial cells are still present  even in non-  
calcified examples (e.g. Melobesia van Heurcki [Heydrich] Cabioch in Cabioch, i972}. 
Anastomoses can be exclusively fusions or secondary pit connections and  are observed in 
hypo- and perithallus. 

(3) The most complicated forms are the erect thalli, whether  art iculated or not. 
They always develop from crusts which are simple or of med ium complexity. 

Whatever the nature  of the crust, branches  appear, as a general  rule, as local prolifera- 
tions of the perithallus, and take form according to two fundamenta l ly  different pro- 
cesses: 

(a) In most cases, perithallial proliferation generates  a branch which pe rmanen t ly  
grows by means  of an intercalary meris tem easily observed at the apex. Such branches  
can be articulated (e.g. Amphiroa) or not (e.g. Lithothamnion, Lithophyllum, Porolithon, 
Hydrolithon, Sporoh'thon...). They can also detach from their basal crust and  become 
free-living forms (maerl). 

Even within a single genus, species may show a wide range of relative deve lopment  
be tween  crustose and  branched  productions. This variabihty which is we l l -known in 
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Fig. 3. Compared anatomical structures in Pseudolithophfllum and Hydrofithon. 1: Pseudoli~ophyl- 
lure expansum, 2: Hydrolithon decipiens (Foshe) Adey. Radial sections; e: epithallus; f: fusion; hy: 
unilayered hypothaIlus; pcl: primary pit connection; pc2: secondary pit connectiom pe: perithallus 

non-art iculated species is also encountered  in art iculated'ones,  as can be shown in the 
genus  Amphiroa. Many Amphiroa species (Cabioch, 1969a, 1972; Sr imanobhas & 
Masaki, 1987) have a juveni le  endophytic  fi lamentous stage followed by a reduced  crust. 
then by erect branches.  In contrast A. crustaeformis, described by Dawson (1963) from 
the Galapagos, occurs as an extensive saxicolous crust bear ing small art iculated pro- 

tuberances.  
(b) A completely different situation occurs in Corallina and some related genera.  
Basal crust organization is roughly similar to that of Lithothamnion (Cabioch, 1968; 

Johansen,  1969) whatever  the variabihty of its development  (Cabioch. 1966). When  erect 
branches  form locally, the intercalary meristem becomes terminal  after s loughing off of 
the epithallus. A strand of e longated terminal  initials is formed and internal  organizat ion 
of the branches  is completely different from that of the perithallus of the crust. 

In this context, the genus Metamastophora is quite unique.  Erect thalli are borne  on a 
small basal crust which has not been  studied. They have a leafy habit  and grow by means  
of a terminal  meristem. Important cell age ing  changes have been  observed (Suneson, 
1945). Among these, Woelkerl ing (1980) has shown what  resembles secondary pit- 
connections in addition to prevail ing cell-fusions. As in many  foliose pseudopar-  
enchymatous Rhodophyta, however, interpretat ion of such ageing  phe nome na  is difficult 
and deserves new investigations. 
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Fig. 4. Some types Of organization in coralhne algae. A: Lithothamnion lenormandii, margin of a 
crust; B: In'thothamnion sp., general aspect of a crust; C: Lithophyllum fasciculatum (Lamarck) 
Foshe, id.; D: lmthothamnion calcareum (Pallas) Areschoug, first step of a branch development  by 
local prohferation of the perithallus; E: Lithophyflum incrustans, margin of an adult thallus; F: id., 
metamorphosis, young juvenile stage on the right, adult organization on the left. Radial and axial 

sections, stained by haematoxylin and fuchsin; scale bar: 50 ~m 
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Ontogenes i s ,  me tamorphos i s  and  progress ive  deve lopmen t  

Ontogenesis is a necessary complement to morphogenesis. Data are obtained from 
the cultivation of spores and by the obsirvation.of juvenile stages collected in nature. 
They give important precise information for generic definition. Despite the small number 
of sometimes contradictory observations reported in the literature (Bressan et al., 1977; 
Cabioch, 1972; Chamberlain, 1983; Chihara, 1974), two main ideas emerge: 

(1) The spore develops directly (Fig. 6A, B) into a plant in parasitic (e.g. Choreonema) 
and endophytic (e.g. Amphiroa) forms; in all other known" coralline algae, the spore 

transforms by segmentation into a gerrninative mass (Fig. 6C, D E) from which a plant 

develops. 
(2) One type of adult organization can proceed from different kinds of development. 

In most eases, such as in Lithothamnion (Fig. 6E), adult organization is initiated 
directly at the margin of the genninative mass (Cabioch, 1968, 1972). 

But in some examples, encountered in the Lithophyllum complex, a juvenile stage is 
formed from the germinative mass; a more elaborate organization (Fig. 4F) appears later. 

In L. incrustans Philippi, the type species of the genus, a juvenile crust is observed in 
cultures; it has a simple organization (unilayered hypothallus) similar to an adult 

Pseudolithophyllum. Then, at the margin of this juvenile crust, a complete change of 

morphogenesis occurs (Cabioch, 1969b). The perithallial filaments generate a prostrate 

system still growing by means of an intercalary meristem which is not equivalent to a 

hypothallus either in origin or in organization. It has been named f a I s e h y p o t h a I - 

I u s (Cabioch, 1972). Such a complete change from one t-ype of organization to another is 

usually cahed a m e t a m o r p h o s i s. This succession recalls what has been described 

in Sphacelariales (Sauvageau, 1909) and named p r o g r e s s i v e d e v e i o p m e n t 

(d4veloppement 4chelonn4). Other similar cases, even if not general, are probably not 

rare in coralline algae. 

Regenera t ion  as a morphogene t i ca l  indica tor  

Despite their heavy mineralization, coralhne algae have developed efficient survival 
strategies. Their internal cells remain alive for a long time and the thallus regenerates 
actively according to three main processes: 

(1) In the case of internal destruction, regeneration is directly effected by closing 
reactions or surrounding hving cells (Giraud & Cabioch, 1981). 

(2) In the case of an external but superficial wound, one observes direct repair 
(Cabioch & Giraud, 1978a). Internal living cells recover meristematic and secretory 
activities and directly produce new cell flies. 

(31 In the case of greater destruction, regeneration is indirect. Surrounding living 
ceils become meristematic and give rise to a crust with juvenile characters which covers 
the dead zone. The juvenile interpretation of this crust must, however, be inferred from 
ontogenetical data which are insufficiently available at present. A first attempt at 
applying such characters to generic definition has been proposed (Cabioch, 1972) but 
more investigations are needed before a generalization of results can be obtained. 
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DISCUSSION 

Some genera l  features of morphogenesis  can be pointed out and discussed in terms 
of their gener ic  significance: 

(1) The relative homogenei ty  of cell behaviour  is markedly visible in a n u m b e r  of 
features such as the process of calcification, the constant presence of a secretory 
epithallus and  the production of a polysaccharidic envelope which probably plays a more 
important  role than is currently supposed. For example, special molecules involved in 
mollusc recru i tment  seem to be available at the surface of crustose forms (Morse & Morse, 
1984); this is perhaps in relation with epithalliai excretion. 

(2) The main  types of organization reflect different evolutionary steps comprising a 
whole range  of possibilities from simple or regressed forms to more evolved erect and  
articulated ones. 

(3) The constant  presence of a crust in the life-cycle of all coralhne algae, whatever  
its deve lopment  and  duration, seems highly significant for generic definition. It is cruciaI, 
however, to consider that crust at the maximum complexity it can reach, especially in the 
case of the Mthophyllum concept. 

(4) Some classical anatomical terms must  then be defined and  somewhat restricted in 
relation to their real morphogenetical  significance. 

E p i t h a 11 u s remains unchanged  but  has a very important  functional  significance. 
Correlatively some morphological criteria such as the shape of epithallial ceils, still used 
by some authors for gener ic  dehneat ion (Phymatolithon/Lithothamnion), have proved to 
be merely two aspects of the same process (Cabioch & Giraud, 1978b). They will probably 
be progressively deleted. 

H y p o t h a 11 u s currently designates the basal  part of a crust, composed of horizon- 
tal f i laments (uni- or multilayered) of crusts. When  considering general  features of 
morphogenesis  throughout  the Corallinales, the word must  be  restricted to prostrate 
filaments growing by means  of a t e r m i n a 1 m e r i s t e m. The peculiar  prostrate 
system in adult  Lithophyllum, which is of a perithallial nature  and  origin, must  be  n a m e d  
differently: f a l s e  h y p o t h a l l u s .  

With the exception of this f a 1 s e h y p o t h a 11 u s, p e r i t h a 11 u s remains  nor- 
mally applied to all structures growing by means  of an intercalary meristem. 

Most b ranched  forms (except Corallina and related genera} are of a purely perithal- 
lial nature  even if some of them show morphological differentiation in cell a r rangement .  
It must  be recalled that some anatomical but  confusing terms have formerly b e e n  
introduced in the literature. In branches,  articulated or not, one usual ly speaks of 

Fig. 5. Characterization of the main genera by the different morphogenetic types encountered in 
coralline algae (radial and axial sections). A: crustose fc~rms of Litflothamnion, Clathromorphum, 
Neogonielithon, Porolithon, Sporolithon; B: branched forms of Lithotharnnion, Neogoniolithon, 
Porolithen, Sporolithon; C: Corallina and related genera; D: simplified crustose forms: Melobesia, 
Fosliella, Pneophyflum, Hydrolithon, Pseudofithophyllum, Titanoderma; E: branched forms of Hyd- 
rolithon, Pseudolithophyllum, Titanoderma (= Goniolithon); F: adult Lithophyllum; G: crest of 
Idthophyllum with persistent juvenile characters; H: branched Lithophyflum; h AmplAroa. Thick 
lines: hypothallus; thin lines: perithallus; arrows: meristems; dots: epithaUus; dotted hnes: uncal- 

cified parts, general envelope or genicula 
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Fig. 6. Pattern of ontogenesis in coralline algae, A: Choreonema, B: Amphiroa - simple or direct 
development of the spore; C D E: the spore transforms first into a germinative mass; C: simplified 
crustose forms; D: progressive development in Lithophyllum; E: direct formation of a crust of a 

medium complexity. Same conventions as in Fig. 5. Reproduced from Cabioch, 1972 

m e d u 11 a and  c o r t e x.  This  m e r e l y  has  t o p o g r a p h i c a l  and  no t  m o r p h o g e n e t i c a l  

s ign i f i cance  and  can  b e  ma in t a ined .  In fact, t hese  zones  are  the  resu l t  of a p h y s i o l o g i c a l  

d i f ferent ia t ion:  the  cor tex  b e i n g  m a i n l y  pho tosyn the t i c  (plastic, s p r e d o m i n a n t  in  cells), 

and  the  m e d u l l a  m o r e  s p e c i a h z e d  for s to rage  (starch gra ins  p redominan t ) .  
(5) Desp i t e  t he  l a c k  of p a l e o n t o l o g i c a l  proof  (Lemoine ,  1977), a s u r v e y  of o n t o g e n e s i s  

a n d  m o r p h o g e n e s i s  in cora l l ine  a l g a e  a l lows  us  to a s s u m e  a g e n e r a l  p a t t e r n  of e v o l u t i o n  
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in coralline algae, marked by progressive reahzation of erect forms. Fundamen ta l  
characters such as anastomoses and reproductive features (mainly asexual  conceptacles) 
combine to form four natural  groups (Fig. 7)*. Within them parallel  evolutionary lines 
appear  as cont inuums where genera  are morphogenetical  steps. This is emphasized by 
the frequent  difficulty of their dehneation. As an example, HFdrolithon and Pneophyllum, 
which are very close in  organization and reproduction, differ mainly  in their perithalhal 
development.  They are still undoubtedly  separate entities. The dehneat ion  be tween  
Pseudolithophyflum and  Lithophyflum is often more difficult because  of the existence of a 
progressive deve lopment  which is perhaps not general  in Lithophyllum. 

Such evolutionary groups have been  assigned the value of subfamilies (Cabioch, 
1972): group I: Lithothamnioideae; group II: Coralhnoideae; group III: Sporolithoideae; 
group IV: Lithophylloideae. 

CONCLUSION 

Morphogenet ical  data can greatly improve generic definition but  the following 
important  facts should be kept  in mind: 

(1) Reproductive structures remain a strictly necessary complement  (Johansen, 1976, 
1981). 

(2) Herbar ium studies, even if strictly necessary, have to be considered cautiously. 
A type specimen in coralline algae is often just a stage in the hfe of an individual .  In the 
case of progressive development,  contestable conclusions can be obtained. Such cases 
emphasize the difficulty in obtaining sufficient knowledge of a taxon only by features of 
the type specimen. This knowledge must be completed by the study of freshly collected, 
well-preserved and  abundan t  material  at all stages of development.  

(3) As a genera l  ru!e, the morphogenetical  potentiahties of the p r i rn a r y b a s a 1 
c r u s t ,  considered at its m a x i m u m  c o m p l e x i t y ,  seem to be a good generic 
characterization. (The term p r i m a r y is here applied to the adult  crust developing 
directly or progressively from the spore, in opposition to possible s e c o n d a r y produc- 
tions such as repairs or discoid ho ldfas t s . . . )  New investigations should be unde r t aken  
along these lines. 

* Figure 7 does not take into account the recent proposal by Penrose & Woelkerling (1988) to merge 
Hydrolithon, Neogoniolithon and Porolithon into one genus: Spongites previously redefined (Woel- 
kerlmg, 1985). This proposal does not agree with our own observations (Mendoza & Cabioch, 
unpubhshed) on H. reinboldfi (Weber van Bosse & Foshe) Foshe, type species of Hydrolithon, neither 
with those of Afonso-Carillo (1982) who emphasized the difference Neogoniofithon/Porolithon by 
the means of reproductive features; Spongites will perhaps partially replace Neogoniolithon, but the 
type species (Spongites fruticulosa Kfitzing) as recently redefined is still not fully relatable to any of 
the Mediterranean species known to date, not even to the species most closely resembling it: N. 
mamillosum (Hauck) Setchell et Mason. 
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