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On the origins and early evolution of multicellularity 
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In this paper an attempt is made to consider the significance of recent data on the organization and development of Volvox, 
a multicellular spheroidal green alga, for the unsolved problem of metazoan origins. A brief analysis is made of differences and 
similarities in some trends and principles during the establishment of metazoan and volvocalean multicellularity. 
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Transitions from unicellularity to multi- 
cellularity occurred many times in the course of 
eukaryotic evolution. Some tendencies towards 
achievement of multicellularity can be seen in 
various lower eukaryotes: flagellates, infusoria, 
cnidosporidia, algae, cellular slime moulds, etc. 
(Bonner, 1974; Taylor, 1978; Gilbert, 1991). 

Interesting results have been obtained recent- 
ly in attempts to elucidate the genetic basis for 
the origin of multicellularity in Volvox (Kirk and 
Harper, 1986; Kirk, 1988; Kirk et al., 1991; Tam 
and Kirk, 1991). It has been supposed that the 
appearance of three loci (regA, gls and lag) in 
the volvocalean genome might have been a 
prerequisite for the evolutionary transition from 
a unicellular or colonial state (in which all cells 
are similar) to the truly multicellular state with 
a complete division of labour between two fully 
differentiated cell types. Moreover, some suc- 
cess has been achieved in elucidating cellular 
mechanisms underlying the evolution of asexual 
ontogenesis in Volvox (Desnitski, 1991, 1992). 
The Volvox aureus type of development, with 
slow divisions of small gonidia (asexual 
reproductive cells), seems to be more advanced 
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in the evolutionary respect than the V. carteri 
type of development, with rapid divisions of 
large gonidia. 

The above studies have stimulated me to 
consider whether recent data concerning Volvox 
have any significance for the analysis of the 
problem of metazoan origins, as elaborated dur- 
ing recent decades by many authors (Ivanov, 
1968, 1973; Salvini-Plawen, 1978; Grell, 1979, 
1981; Corliss, 1989, et al.). On the whole, the 
latter problem is still quite far from being 
solved. It is reasonable to consider here mainly 
those models (e.g. Ivanov, 1968; Salvini-Plawen, 
1978) according to which the hypothetical 
primary metazoons were (like the extant Volvoz) 
free-swimming, spheroidal organisms consisting 
of two basic cell types. In doing so, I should first 
like to pinpoint the principal differences involv- 
ed in establishment of volvocalean and metazoan 
multicellularities, but without giving undue 
attention to the well-known fact that cells in the 
body of lower Metazoa are diploid, whereas the 
cells of a Volvox spheroid are haploid. 

Because Volvox is a phototrophic organism, it 
is in no need of a special cellular type responsible 
for nutrition. Thus in this case one sees differ- 
entiation into somatic cells (executing loco- 
motory functions) and reproductive cells 
(executing asexual or sexual reproduction). The 
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cells of both types have chloroplasts and carry 
out photosynthesis, though they differ sharply 
in the sets of their transcripts and proteins 
(reviews: Kirk and Harper, 1986; Desnitski, 
1991; Tam and Kirk, 1991). It is appropriate to 
note that the somatic cells of Volvox, besides 
executing the functions that were mentioned 
above, synthesize the bulk of the extracellular 
glycoproteinaceous matrix that maintains the 
organization of the spheroid. In V. carteri f. 
nagariensis, somatic cells were also shown to 
participate in the response to the sex-inducing 
pheromone (Jaenicke and Gilles, 1985; Wenzl 
and Sumper, 1986). 

On the other hand, it is quite possible that dif- 
ferentiation of so-called 'kinoblast', the layer of 
cells with a locomotory function, and so-called 
'phagocytoblast', the layer of cells executing a 
nutritive function, played a leading role during 
the evolutionary origins of Metazoa (Ivanov, 
1968; Salvini-Plawen, 1978). Certainly it is rea- 
sonable to suppose that the locomotory and 
nutritive cells might both execute certain other 
functions as well (undoubtedly different from 
the additional functions of the two cellular types 
in Volvox). 

Sexual differentiation in the hypothetical pri- 
mary Metazoa has never been studied in detail, 
though the zoological works quoted above have 
supposed that the aquisition of sexual reproduc- 
tion occurred at certain early stages of meta- 
zoan evolution. In any case, one can see here a 
significant difference from several species of 
Volvox that have differentiated asexual and sex- 
ual individuals. (V. carteri is a typical example.) 
Finally it must be stressed that in Volvox, unlike 
the multicellular animals (Monroy et al., 1983), 
meiosis is not a part of the differentiation pro- 
gramme of the reproductive cells (neither asex- 
ual nor sexual ones). Therefore, the vast data on 
sexual differentiation in Volvox and its relatives 
(reviews: Kochert, 1982; Jaenicke and Gilles, 
1985; Kirk and Harper, 1986) can hardly be used 
productively for the creation of new hypotheses 
regarding the evolutionary origin of metazoan 
sexual differentiation. 

There is another possible difference between 
the organization of Volvox and that of the pri- 

mary Metazoa. In a Volvox spheroid, both 
cellular types occupy strictly fixed positions, 
whereas a hypothetical 'phagocytella' (Ivanov, 
1968) would presumably be characterized by 
considerable motility of individual cells within 
the organism. Thus, it is reasonable to suppose 
that in the course of the establishment of meta- 
zoan multicellularity (unlike the establishment 
of volvocalean multicellularity) the development 
of selective adhesion of cells had an important 
role to play. 

In Volvox, an organism with irreversibly 
determined somatic cells, there is, beyond 
doubt, much more profound stability of cellular 
differentiation than in some extant lower 
Metazoa. In Cnidaria, for instance, cells of cer- 
tain types retain the ability to undergo a range 
of specific transformations. (I will not consider 
here more advanced invertebrates, such as 
Ctenophora, Turbellaria, or Nematodes.) In 
Hydra the reproductive cells, as well as a num- 
ber of differentiated somatic cell types, arise 
from the interstitial stem cells (Bode and David, 
1978; Monroy et al., 1983). In the anthomedusa 
Podocaryne carnea, striated muscle cells are 
able to transdifferentiate into a number of other 
cellular types (Schmid et al., 1982). I think that 
a high stability of the differentiated state (and 
thus almost total lack of plasticity) in Volvox, an 
extremely primitive multicellular organism con- 
sisting of two cell types only, might explain the 
arrest of the evolution of multicellularity at 
rather early stages (without forming further cell 
types). It is appropriate to note that various 
mutations that change cell differentiation in V. 
carterif, nagariensis (e.g., regA-, lag-, or gls-) 
do not complicate spheroid organization by in- 
creasing the number of cell types. On the con- 
trary, a regA-/gls- double mutant results in the 
formation of a more primitive organism (with 
only one cell type) resembling Eudorina (Kirk et 
al., 1991; Tam and Kirk, 1991). 

Let me now direct attention to the search for 
similar trends or principles between the 
establishment of volvocalean and metazoan 
multicellularity. In both processes an augmenta- 
tion of cell numbers occurred. This is a good 
example of 'polymerization', a well-known 



principle of protist evolution (Dogiel, 1929). In 
this connection it is appropriate to recall another 
well-known principle (this from the field of 
developmental biology) regarding the minimal 
critical cellular mass required for subsequent 
differentiation (e.g. Deuchar, 1970). It is clear 
that in both cases (volvocalean and metazoan 
multicellularity) the achievement of a certain 
minimal number of members in colonies of in- 
itially identical cells was a necessary precondi- 
tion for differentiation into two cellular types. 

Recent data on ribosomal RNA sequence an- 
alysis in volvocalean flagellates (Larson et al., 
1992) have confirmed earlier ideas (Fritsch, 
1929; Hoops, 1984) about polyphyletic origins of 
the genus Volvox, though the whole family of the 
green colonial Volvocaceae (including the 
genera Pleodarina, Eudorina, Pandovina, Go- 
niun, Platydorina, Volvulina, etc.) represents a 
monophyletic group, the evolutionary trends 
within which are more complicated than once 
imagined and far from being fully elucidated. It 
should be noted, however, that the aforemen- 
tioned data on ribosomal RNA sequence indicate 
that V. aureus and V. carteri are in the same 
phylogenetic branch. Nevertheless, these two 
species (the most thoroughly studied represen- 
tatives of the genus) differ significantly in cer- 
tain aspects of morphology and development 
(Starr, 1970; Kochert, 1975; Desnitski, 1992). 
Therefore, one can see a possibility for signifi- 
cant diversification of structure and pathways of 
differentiation, even within a small taxonomic 
group of primitive organisms consisting of only 
two cell types. However, it is not clear whether 
this principle is valid for the hypothetical pri- 
mary Metazoa. 

If it is applicable in the latter case, then there 
would be some reasons to believe that in the 
course of metazoan evolution the earliest transi- 
tion to true multicellularity, with the first divi- 
sion of labour, also occurred within a taxon of a 
relatively small status: an order or a family. It 
must be noted, though, that the available 
palaeontological data concerning the Precam- 
brian fauna (Fedonkin, 1987) suggest extremely 
low taxonomic diversity of the primary Metazoa 
at the level of species and, conversely, con- 
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siderable diversity at the level of the highest 
taxa. In this connection it is appropriate to em- 
phasize that the taxonomy of the primitive fossil 
Metazoa, the organisms with several types of so- 
matic cells, is based on quite different morpho- 
logical criteria than the taxonomy of the extant 
volvocalean flagellates, which are able to evolve 
only one type of somatic cells. Taking into con- 
sideration the possibility of multiple transitions 
to multicellularity within a small taxonomic 
group, as Larson et al. (1992) have suggested 
recently for the volvocalean flagellates, it would 
be of interest to consider in the future the ques- 
tion of the taxonomic status of the hypothetical 
primary metazoons. 

On the other hand, bearing in mind the protis- 
tan ancestry of the multicellular animals, it 
would be highly tempting to apply ideas from 
contemporary evolutionary protistology regard- 
ing r- and K-selections (Cavalier-Smith, 1980) to 
the problem of the origin of the Metazoa. For 
this purpose, however, one would require a vast 
amount of information concerning the ancient 
ecosystems in which the primary Metazoa 
originated and evolved, information that is not 
currently available. 
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