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ABSTRACT: For many years the application of formal genetic techniques to sponges has been inhibited by the
great problems involved in carrying out breeding work, More recently new, mainly molecular, methods have
begun to be applied and already these are giving valuable insights into evolutionary genetics, systematics and
speciation within the group. Sponges in general have been found to be remarkable for the very high levels of
genetic variability found within populations. In the taxa examined to date a surprisingly high number of cryptic
species have been found and there are also suggestions that many allegedly cosmopolitan species may be merely
aresultof a failure to recongnise species because of inadequate taxonomy in groups of sponges with a particular
paucity of useful taxonomic characters. There have also been major advances in the understanding of histo-
compatibility, larval and adult fusion and modes of reproduction of sponge species. The relative advantages and
disadvantages of the available molecular techniques are discussed particularly in relation to current problems in
sponge genetics and systematics, and suggestions are made for future work and how some of these problems may
be tackled.

1 INTRODUCTION 2 GENE VARIATION

Forageneticist spongesare very interestingorganisms: ~ Natural populations display some degree of phenotypic
they are possibly close to the root of the Metazoa  variability, whichis usually the result of the interaction
lineage; they present sexual and asexual reproduction ~ between the environment and the genome. This has
and they are morphologically quite simple (and  often led to problems in the evaluation of the relative
therefore can have relatively simpler ontogeny). In  importance of these two factors for the interpretation
addition, sponges display features, such as allogenic ~ of observed variation in morphological characters
larval fusion, highly relevantto fundamental questions ~ (Jones, 1984). The recent use of genetic markers,
about the evolution of individuality and the diffe-  which are less affected by the environment, has led to
rentiation of somatic and germinal lincages. Until  a better understanding of the actual levels of genetic
recently, most genetic studies depended upon formal ~ variation in populations. So far, most of these estimates
genetic analysis, which usually involved the crossing ~ have been obtained through the genetic interpretation
of individuals and the observation of their offspring.  ofisozyme electrophoresis patterns, this method having
This process was (and still is) very difficult tocarryout  been favoured because ofits sensitivity and the relative
with marine sponges, so our knowledge of sponge  simplicity. Other molecular markers, such as nucleic
genetics remained very limited (for example, in the  acids, could be also used, but to date no data on genetic
major books about sponge biology - Brienetal., 1973;  variation for DNA markers have been published for
Bergquist, 1978 - there were no chapters aboul sponge  marine sponges (or, forthat matter, for most organisms).
genetics). However, with the advent of molecular The levels of genetic variation can be studied at two
techniques such as gelelectrophoresis and nucleicacid ~ different levels: within and between populations.
sequencing, it is has become possible to gain a new

insight into the genetics and evolutionary biology of

marine (or freshwater) sponges. The aim of this paper  2.1Within populations

is to briefly review the recent literature on the evolu-

tionary genetics of these organisms, and to use the  Helerozygosity estimates indicate that sponges are
limited knowledge presently available to pose new  among the most genetically variable organisms (Table
questions and suggest ideas for future work in this  1). There has been much debate about the possible
field. reasons for this. To some the levels of allozyme gene
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Table 1. Levels of genetic variation in marine sponges, estimated through allozyme electrophoresis. nl = number of loci

analyzed; He = mean expected heterozygosity; Ho = mean observed heterozygosity;

Py 95=Proportion of polymorphic loci;

* =these low values of observed heterozygosity are possibly due to sampling of asexual populations. Ref. =bibliographical

source of the data, as given below:

1- Solé-Cava & Thorpe, 1991
2 - Solé-Cavaetal., 1991a
3 - Solé-Cava et al., 1991b
4 - Solé-Cava et al., 1992b
5 - Solé-Cava & Thorpe, 1990

6 - Boury-Esnault ct al., 1992

7 - Bavestrello & Sara, 1992

8 - Balakirev & Manchenko , 1985
9 - Solé-Cava & Thorpe, 1986

10 - Sari et al., 1989

Species nl He Ho P.os Ref
Agelas oroides 18 0.215 0.192 0.611 1
Axinella damicornis 8 0.087 - 0.250 2
Axinella verrucosa 8 0.125 - 0.250 2
Chondrilla nucula 16 0.187 0.189 0.563 1
Chondrosia reniformis 12 0.335 0.336 0.833 1
Clathrina clathrus 11 0.165 0.166 0.166 3
Clathrina cerebrum 7 0.398 0.399 0.857 3
Clathrina aurea 11 0.095 0.100 0455 3
Clathrina brasiliensis 7 0.170 0.176 0423 3
Corticium candelabrum 16 0.180 0.170 0.440 4
Halichondria panicea 15 0.234 0.227 0.688 5
Mycale macilenta 18 0.189 0.246 0.500 3
Oscarella lobularis 14 0.123 0.128 0.710 6
Oscarella tuberculata 14 0.028 0.028 0.154 6
Petrosia ficiformis (sphe) 9 0312 0.305 0.778 1
Petrosia ficiformis (cyl) 9 0.059 - 0.111 i
Petrosia ficiformis (spher) 9 0.205 - 0.333 7
Suberites domuncula 28 0.137 - 0.344 8
Suberites luridus 18 0.195 0.215 0.611 9
Suberites pagurorum 16 0.335 0.365 0.750 9
Suberites rubrus 18 0.167 0.1 ?f’zk 0.667 9
Tethya aurantium 10 0.000 0.000* 0.000 10
Tethya citrina (Porto Pozzo) 10 0.028 0.010 0.200 10

variation are maintained by natural selection (the
Selectionist hypothesis); to others the main effect of
natural selection is an erosion of genetic variation and,
therefore, only genes that are selectively equal (ie.,
neutral) will accumulate over time (the Neutralist
hypothesis). Selectionists usually relate levels of gene-
tic variation to feeding diversity, to ecological
specialisation, or to environmental grain, stability or
predictability; neutralists relate heterozygosity to
effective population size and neutral mutation rates
(for reviews see e.g. Kimura, 1983, 1991; Nevo et al.,
1984; Nei, 1987; Solé-Cava & Thorpe, 1991). Levels
of genetic variation are apparently similar in sponges
living in cold or warm waters, or at different depths.
This indicates that, at least for sponge species, many of
the selectionist predictions do not hold, and hence that
the neutral theory may be more adequate to explain the
levels of gene variation observed in their populations.
However, some alternative selectionist explanations,
such as the environmental grain hypothesis of Levins
(1968) still cannot be ruled out (Solé-Cava & Thorpe,
1991).
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2.2 Between populations

The heterozygosity estimates discussed above describe
the overall level of gene variation within morpho-
logically locally homogencous populations of a given
species. However, if the population is genetically
structured this overall gene variation can be further
splitintolocal levels of gene variation. We still have no
idea about the levels of population structure in marine
sponges. In other sessile marine invertebrates, levels
of population structure can be very high. This is prin-
cipally due to inbreeding resulting from the tendency
of the larvae of some species to settle close to their
parents (philopatry; Shields, 1982), even when they
have the capability, at lcast in the laboratory, of swim-
ming for long periods of time (Knowlton & Keller,
1986; Grosberg & Quinn, 1986; for adiscussion applied
tomarine sponges sec Zea, 1993). Other species can be
genetically homogencous over very large distances,
and there seems to be a strong correlation between
predominant mode of reproduction and levels of
population structure (Solé-Cavacetal., 1992a; Russo et
al., 1993). This could be because the sexually repro-
duced dispersing propagules (eggs, larvae) released by



sessile invertebrates that are facultative sexual/asexual
generally have reduced powers of dispersal when
compared to those produced by exclusively sexually
reproducing species (Jackson, 1986). The relative con-
tributions of sexual and asexual reproduction tosponge
population structure are still not well known. Sponge
larvae can swim for quite long periods in the laboratory
(reviewed in e.g. Jackson, 1985), but how effective
they are at maintaining gene flow over long distances
in natural conditions remains to be determined.

3 HISTORECOGNITION

The first description of intraspecific discrimination by
individual sponges was that of Van de Vyver (1970)
who detected, through the fusion/non-fusion of larvae,
different strains of freshwater sponges. The demon-
stration of the presence of an immune system in marine
sponges, through transplant experiments with
Hymeniacidon and Callyspongia (Curtis, 1979;
Hildeman et al., 1979) initiated a fruitful and contro-
versial period in the study of sponge histocompatibility
(reviewed, for freshwater sponges, by Van de Vyver,
1988). It was suggested that the allogenic rejection of
grafts could be used to infer the relative contributions
of sexual and asexual reproduction in marine sponges
(Jokiel et al., 1982; Neigel & Avise, 1983; Wulff,
1986). However, since the exact mode of genetic
inheritance of the histocompatibility system in sponges
is not known (Wulff, 1986), many conflicting results
appeared indicating that graft acceptance and rejection
could not be used without a critical assessment of its
limitations (Buscema & Van de Vyver, 1983; Stoddart
etal., 1985; Ilan & Loya, 1990a; Feldgarden & Yund,
1992; Grosberg, 1992). All studies so far show that the
allogenic graft reaction in marine sponges is transitive,
i.e. the reaction of sponge A to sponge B and of sponge
B to sponge C can be used to predict the reaction
between sponges A and C (Neigel & Avise, 1985).
This indicates that, if there is a Mendelian genetic
system for allorecognition, then a total identity will be
required for graft acceptance. In this sponges differ
from some colonial ascidians, where the sharing of one
allele out of several is enough to make colonies
histocompatible (Grosberg & Quinn, 1986). The preci-
sion with which histocompatibility reactions can be
used to identify individual clones will depend, thus, on
the number of histocompatibility loci and the alleles
segregaling at them. If these numbers are high, then
cach individual will be more or less unique, due to the
frequency distribution of different genotypes. If these
numbers are low a reaction of graft rejection will
demonstrate (other things being equal) a genctic
difference, but graft acceptance will only indicate a
lack of difference at the histocompatibility loci.
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4 SEXUAL / ASEXUAL REPRODUCTION

Sponges are among the many groups of organisms that
can reproduce asexually (Simpson, 1980; Battershill
& Bergquist, 1993). The relative advantages and dis-
advantages of sexual reproduction for a species, and
the ultimate influence of mode of reproduction on its
evolutionary fate, has always been one of the favourite
topics of discussion among evolutionary biologists
(Shields, 1982; Hughes, 1989; Maynard-Smith, 1989).
In species living on hard substrata in ecologically
stable environments, asexual reproduction is considered
to be more advantageous than sexual reproduction,
since it allows a faster growth of the individual and the
multiplication of successful genotypes, without the
energeticrequirements of producing gametes (Jackson,
1985, 1986). A problem with sexual reproduction in
stable environments is the cost of meiosis, i.c., the
segregation and dissolution of well-adapted genotypes.
On the other hand, sexually produced propagules
generally have enhanced powers of dispersal when
compared to those which are asexually produced
(Jackson, 1986), and the gene shuffling effect of meiosis
allows the production of many different genotypes,
leaving scope for adaptation in spatially or temporarily
varying conditions (Maynard Smith, 1989). It is to be
expected, thus, that asexually reproducing sponges
should be more common in temporarily stable regions,
such as coral reefs, than in more variable environ-
ments, such as in temperate regions. A preliminary
comparison of the relative contributions of asexual
reproduction to sponge colonization of hard substrata
of different regions seems to confirm this prediction
(Jackson, 1985). However, studies on a larger number
of species in different environments, using more
sensitive techniques for the detection of genetically
identical clone mates (“ramets” sensu Harper, 1977)
are necessary before we can properly estimate the
importance of asexual reproduction to sponge
population structure.

4.1 Larval fusion

In many invertebrate species living on hard substrata
size is considered to be a major factor governing the
survival of recruits (Ayling, 1980; Ivan & Loya, 1990).
Consequently, larval fusion can be advantageous for
the species, specially under high levels of interspecific
competition. When the larvae that fuse are genetically
identical, the fusion is the equivalent of a very fast
growth of one single genetic individual (“genet” sensu
Harper, 1977). In this case, the evolutionary advantages
of larval fusion are obvious, and it is expected that
many species capable of asexually producing larvae or
other types of propagules like gemmulae will make use
of some formof fusion inthe early phases of settlement.
However, the fusion of genetically different individu-



als, beitin the larval phase orin the adult phase, is more
difficult to explain in evolutionary terms. This is
because in organisms like sponges, which lack a clear
scparation between somatic and germinative cell
lineages, after the fusion of two or more individuals a
special type of intraspecific competition can occur,
when one of the genetic individuals invests more
energy into reproduction (therefore increasing its
fitness), at the expense of the other individual. This
process has been called “somatic cell parasitism” by
Buss (1982, 1990), and is considered to be one of the
driving forces for the evolution of allorecognition and
rejection systems in invertebrates (Grosberg, 1988;
Buss, 1990; Feldgarden & Yund, 1992). The evolution
of allogenic larval fusion mechanisms, thus, would
seem to be the result of a trade off between the
ecological advantage during settlement and the
disadvantage of somatic cell parasitism during
reproduction (Grosberg & Quinn, 1988). It has been
argued that allogenic larval fusion could be evolutionary
advantageous in organisms with limited larval dispersal
and highly structured populations (Grosberg, 1988). In
this case, the probability that fusing larvae will be
genetically related would be higher, and hence would
leave scope forkin selection which may counteract the
disadvantages of somatic cell parasitism (Ilan & Loya,
1990; Grosberg, 1992). Others argue that natural selec-
tion for allorecognition systems alone cannot produce
ahigh polymorphism in histocompatibility alleles, and
that allorecognition is a pleiotropic expression of other
genetic systems (Crozier, 1986; Amano, 1990). Most
of these arguments are based on theoretical analysis of
evolutionary models, and it is imperative that more
empirical data be obtained, principally about the fate
of the different genotypes in the chimeras formed after
allogenic larval fusion. If these ontogenetically and re
productively stable chimeras really exist, and if they
represent a true mixing of different genotypes, then the
whole discussion of individuality in sponges, once
considered more or less settled as “specimens sur-
rounded by a continuous pinacoderm” (Borojevic et
al., 1967; Bergquist, 1978), would have to be read-
dressed. At least from the evolutionary geneticist’s
point of view, an individual is a genotypically unique
evolving unit (or “genet”), and if genotypes in a
chimera can contribute their genetic material to the
next generation then these chimeras must not be con-
sidered individual organisms.

5 MOLECULAR SYSTEMATICS

Molecular systematics is the use of informational
macromolecules for the identification of organisms,
and the formulation of phylogenetic hypotheses on the
relationships between them (reviewed in e.g. Hillis &
Moritz, 1990). The use of macromolecules (unlike the
use of secondary metabolites employed in chemo-
taxonomy) for systematics has the advantage that these
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molecules are all synthesised de novo by the organisms,
and are linked, directly or through gene expression, to
the genomic composition of the species. Molecular
systematics can be used to separate species (alpha-
systematics) or to cluster them into evolutionary linked
units (phylogeny).

5.1 Species level

Cosmopolitanism and the actual number of sponge
species: Many of the sponge species that are considered
tohave wide geographical distribution (e.g Chondrosia
reniformis, Clathrina primordialis, Dysidea fragilis,
Oscarella lobularis, Suberites domuncula) have few
taxonomically useful characters and consequently are
also taxonomically poorly defined. Thus it can be
argued that for many of these species the apparent
cosmopolitanism is merely a result of the failure to
distinguish geographically differentiated species
because of inadequate taxonomic resolution (Solé-
Cavaetal., 1991a). The objectivity of molecular syste-
matics makes this the best approach to this type of
taxonomical problems (Solé-Cava & Thorpe, 1987;
Hillis & Moritz, 1990), and molecular methods have
been successfully used to solve taxonomic problems in
many sponge genera(Suberites - Solé-Cava & Thorpe,
1986; Tethya - Sara et al., 1990; Clathrina - Solé-Cava
et al.,, 1991a; Axinella - Solé-Cava et al., 1991b;
Oscarella and Corticium - Solé-Cava et al., 1992;
Boury-Esnault et al., 1992; Petrosia - Bavestrello &
Sard, 1992). If, as many of the molecular systematics
studies have demonstrated, allegedly cosmopolitan
species may be simply the result of weak systematics,
then probably the actual number of extant sponge
species must be much higher than that usually assumed.
Itis also clear from genetic data that even in studies of
local populations significant numbers of cryptic spe-
cies may be present in many sponge morphospecies.

The problem of hidden variation within nominal spe-
cies is not exclusive to the Porifera: molecular
systematics hasdisclosed a much finer level of specific
differentiation in many other marine invertebrate phyla
(reviewed in e.g. Hillis & Moritz, 1990). The picture
thatisemerging from much of the molecular systematics
work is that the taxonomic frontier that separates
intraspecific from interspecific variation may have to
be shifted from where it stands at the moment. Many
of the present species may well be “species groups”
and subtle discontinuities in morphological, ecological
orcytological characters, classically dismissed as intra-
specific variation in fact may be the result of specific
differentiation.

5.2 Phylogeny

The Porifera is one of the very few phyla in which the
classification at higher taxonomic levels is still not



well established (as can be seen from many papers in
this volume). This lack of a consensus for the classi-
fication of sponges even after many years of research
illustrates the need for the acquisition of additional and
independent datato corroborate orcontradict competing
phylogenetic hypotheses. Genetic data are ideal for
studying this type of problem, and their application in
the next few years is likely to lead to the clarification
of many of the current problems in the higher taxonomy
of sponges.

5.3 Allozymes and DNA sequencing

The type of genetic technique to be used will depend on
the taxonomic level being studied (Solé-Cava & Thorpe,
1987). Basically, the evolutionary conservativeness of
the molecules studied will determine the level at which
they can be most effectively applied: every character
accumulates modifications (through the generation of
new alleles by mutation and their maintenance or
elimination by selection or genetic drift) with time.
However, some molecules or regions of molecules
evolve far more rapidly than others. One suggestion is
that molecules that are evolutionary constrained, i.e.
moleculesthatare undertheeffectof strong normalising
selection, will evolve more slowly than molecules
which are evolutionary more “neutral” (i.e., less con-
strained; Nei, 1987). For molecular systematics the
consequence of this property of the genetic material is
that some molecules will accumulate (through effective
mutation) and lose (through saturation of mutation
sites) phylogenetic information much faster (in
evolutionary terms) than others. So, for genus or species
level systematics, it will be important to work with fast
evolving molecules (such as most structural genes like
allozymes), whereas research on higher systematic
levels will require slow evolving genes (such as
ribosomal or some very constrained structural genes
such as those coding for histones or collagen). The
importance of the correct choice of molecules (or part
of molecules) and their analysis can be seen in recent
papers reporting conflicting results from the analysis
of sequence data of ribosomal nucleic acids of sponges
(Kelly-Borges etal., 1991; Lafay et al., 1992; Rodrigo
etal., 1993). This problem is not exclusive of the study
of sponges: similar discrepancies have been encoun-
tered with the phylogenetic analysis of, for example,
the Coelacanth, where the phylogenetic analysis of
185 and 28S rDNA sequence data produced conflicting
phylogenetic hypotheses (Hillis et al., 1991; Stock et
al., 1991). Sequence data analysis is a very promising
field for phylogenetic inference, and future work in
this area will certainly contribute much to our
understanding of the relationships within the Phylum.
However, until a larger number of species and
nucleotide sites have been analysed caution will have
to be exercised in the interpretation of such data.
Allozymes are usually assumed to be useful only for
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the study of populations at the intraspecific or
intrageneric level (Solé-Cava & Thorpe, 1987; Hillis
& Moritz, 1990). However, in some cases it has been
shown that they may be also used to infer relationships
between confamilial genera (Stoddart, 1989; Solé-
Cava et al., 1992b, 1993), provided they are analysed
with methods able to detect the accumulation of homo-
plasies due to allelic convergence and to take these into
account when formulating phylogenetic hypotheses.

Itisthe analysis of protein or nucleic acid sequences,
though, that offers the most useful tools for the study
of evolutionary relationships at all levels of taxonomic
resolution. At the moment, because of the high costs
stillinvolved in DNA/RNA sequencing, itisbestto use
such data for problems that cannot be approached
through other methods. Also because of cost, it is more
useful to work at higher taxonomical levels, thus using
highly conserved molecules, with the assumption of
very low levels of intraspecific variation, sothat sample
sizes can be extremely small (usually only one
individual) for each species. With faster evolving
molecules larger sample sizes may be needed to take
account of intraspecific genetic variation.

Another advantageous feature of sequence data is
that (unlike some allozyme data) they are comparable
between laboratories, and hence our knowledge about
the studied species steadily accumulates over time.
Sequence data can then be deposited in one of the
genetic banks currently available, and used by other
workers for sequence comparisons. It is essential, of
course, that due care is taken in the identification of the
species studied, so that data entering the “genetic
banks™ are really useful in future work.

6 FUTURE WORK

Genetic studies on sponges are just beginning, but
many very interesting questions can already be tackled
with the new wealth of techniques currently available
to the evolutionary biologist (reviewed in Hoelzel,
1952). Below we give a brief sketch of some of these
questions and some possible ways of trying to obtain
answers to them:

6.1 How common is triue cosmopolitanism in marine
sponges?

This question is of great importance, since species
considered cosmopolitan will often be those that are
most studied in ecological, chemical or physiological
work. If cosmopolitanism in marine sponges is the
result of an over conservative classification of
morphologically (but not necessarily physiologically)
similar species, then much work will be wasted in
studying badly defined species. It is paramount, then,
that genetic comparisons of sponge species over their
geographical range be made, particularly when their



diagnosis is based on weak characters. The technique
of choice for such work is allozyme electrophoresis,
principally because of the wealth of empirical data on
species comparisons already available, which provides
a baseline indicating expected levels of genetic
similarity associated to different taxonomic levels
(Thorpe, 1982). Other molecular techniques (sequen-
cing, RAPDs, RFLPs) can be difficult to interpret.

6.2 What is the level of genetic variation for neutral
genes in sponge populations?

Allozymes have classically beenused toestimate levels
of genetic variation in natural populations, and sponges
are among the most variable organisms for allozyme
genes (Solé-Cava& Thorpe, 1991). However, allozyme
genes only represent a very limited part of the genome
of the organism, and because they are structural genes
they are likely to be more strongly influenced by
natural selection than, say, pseudogenes or introns
(Nei, 1987). It would be very interesting to see whether
sponges are more variable than other organisms also at
these more neutral parts of the genome. The most
comprehensive way of assessing levels of poly-
morphism at these neutral parts of the genome would
be, of course, DNA sequencing of homologous regions
in many individuals of many sponge populations,
principally because of the possibility of comparing
levels of gene variation between “neutral” and “con-
strained” regions of the genome (Nei, 1987). This,
however, would still require a prohibitively large
investment both in terms of time and resources. Alter-
native useful sources of information about neutral
genetic polymorphism would be the same techniques
described for the question below (6.3), reinterpreted as
expressions of overall levels of genetic variation.

6.3 What are the levels of gene flow between populations
of marine sponges?

Le. how effective is dispersal in sponge populations,
and how much genetic cohesion are we to expect in
sponge species? The traditional technique of allozyme
clectrophoresis is still the simplest and most cost-
effective approach here, since large number of indi-
viduals per population can be analysed and formal
population genetics methods can be applied (Solé-
Cava & Thorpe, 1987; Hillis & Moritz, 1990). Three
main techniques could be used for that: 1) the use of
restriction fragment length polymorphisms (RFLPs),
either through total DNA digests that can be detected
very efficiently using homologous or heterologous
probes (Aquadro et al., 1992), or through digest of
PCR (polymerase chain reaction) amplified fragments
and direct visualization with ethidium bromide
(Brufford et al., 1992); 2) the use of length variation of
simple sequence regions (variation innumber of repeats
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of simple nucleotide themes, like ATAT..., also known
as “microsatelites”), amplified through PCR (Brufford
etal., 1992); and 3) the use of PCR to amplify random
segments of DNA using arbitrary primers (the “RAPD”
technique, Welsh & McClelland, 1990; Williams et
al,, 1990). All these techniques are moderately
expensive (but quicker and cheaper than gene cloning
or sequencing), and can produce useful data for
population genetics analysis.

6.4 Hownatural is the present Class/Sub-Class/Ordinal
classification of marine sponges?

Nucleic acids are particularly useful for phylogenetic
analysis (Hillis & Moritz, 1990; Olsen, 1990; Kelly-
Borges et al., 1991; Lafay et al., 1992), principally
because sequence information will accumulate over
time and each new set of data will permit a more com-
prehensive overall analysis. These techniques are relati-
vely new, and it is very important that they be only
applied together with a critical analysis of the tree
construction methods used and an adequate evaluation
of the quality of the molecular data obtained, principally
in terms of their effective phylogenetic information
(Nei, 1987; Rodrigo et al., 1994 ). The use of other
molecular techniques, such as immunological syste-
matics (Custédio et al., 1993), can also be promising,
principally after adequate calibration in relation to
evolutionary rates (Hillis & Moritz, 1990).

6.5 What are the relative contributions of sexual and
asexual reproduction to the composition of sponge
populations?

The ideal technique to approach such questions is
DNA fingerprinting analysis, which is particularly
suitable because of its high precision and relative
simplicity (Bruford et al., 1992). DNA fingerprinting
has been successfully used to assess clonal structure in
reef cnidarians (Coffrothet al., 1992), but has not been
used on sponge populations. Alternative methods,
such as allozyme and histocompatibility analyses are
also useful, but their discriminatory power is smaller.

6.6 What happens to the different genotypes after
allogenic larval fusion?

Firstly it must be verified whether true allogenic larval
fusion occurs in sponges at all, but if it does, it would
be clearly of widespread interest to determine the fate
of individual genotypes after fusion, in order to test
directly the hypothesis of somatic cell parasitism. The
usc of PCR allows now the amplification of tiny
amounts of DNA, and their comparison by single locus
fingerprinting or RFLP analysis. Hence it should be
possible to amplify the DNA of the gametes or larvae



produced by chimaeric sponges. This would allow the
estimation of the relative contribution, to the next
generation, of each of the individual genotypes that
originally fused to form the sponge.

7 CONCLUSIONS

“When one has a new hammer, everything looks like a
nail”(old Russian proverb)

Genetic methods are obviously not a panacea that will
solve all problems in the study of sponge biology.
However, they represent a welcome addition for the
limited set of tools available to the study of sponge
populations, particularly for studying reproductive
biology and systematics. The basic material for genetic
studies - genetic variation - is abundant in sponges, and
although there have been few studies so far these are
encouraging since they demonstrate that molecular
and population genetic techniques generally do work
for sponge species. The potential rewards of applying
the right methods to the right problems in sponge
biology are great. Surely the time is ripe for close colla-
boration between geneticists and sponge biologists?
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