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SCIENTIFIC CORRESPONDENCE 

Species and 
speciation 
SIR - In his valuable review of genetic 
differences that make us attribute 
individuals to different species, Coyne! 
repeated claims about sympatric specia
tion and the biological species concept 
(BSC) which, I believe, are incorrect, 
although widely accepted. 

'Neodarwinism' is not limited to the 
"view that species usually arise as the 
byproducts of evolution in geographi
cally isolated populations" (allopatric 
speciation). Sympatric speciation within 
one population is equally 'neodarwi
nian': both are caused by natural selec
tion of genetic variation, although condi
tions of sympatric speciation are strin
gent (for example, only a few loci can be 
involved2

), while isolated populations 
always diverge (but sometimes very 
slowly: Platanus orientalis and P. occi
dentalis, separated 25 million years ago, 
still produce fertile hybrids3). 

The relative importance of allopatric 
and sympatric speciation has yet to be 
determined. However, the proponents of 
the latter have already "devised testable 
predictions to distinguish" it from the 
former. After allopatric speciation, new 
species differ in many loci because their 
ancestors were long isolated. During 
sympatric speciation, gene exchange 
continues, and new species retain similar 
allele frequencies at all loci, except the 
few responsible for reproductive isola
tion and ecological divergence2

• Striking 
genetic similarity between some sympat
ric species (for example, cichlids in Lake 
Victoria4 and trouts in Lake Sevan5

) 

strongly suggests their recent sympatric 
origin (besides, in these cases there was 
no room for allopatric speciation). 

Dogmatic adherence to the BSC 
causes much confusion. Of course, it is 
wrong to carve two species from a pan
mictic population or to pool into one 
species sexual forms which, if crossed, 
never have normal progeny. However, 
very distinct forms may produce fertile 
hybrids (including lions and tigers in 
captivity, and many species of Cyprini
dae, Rosaceae and other taxa in nature). 
Perfectly fertile hybrids can flourish be
tween populations, so different ecologi
cally and morphologically that nobodl 
would consider them the same species , 
such as Anemone fasciculata and A. 
speciosa in the northern Caucases 7 . 

Thus, speciation may preceed the gen
etic isolation mechanisms and for a while 
depend solely on spatial separation 
caused by historical factors or different 
ecology (page 199 of ref. 3). 

True, there are 'good' species, includ
ing ours, essentially homogeneous and 
drastically different from relatives, but 
life is not always that simple. To argue 
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about whether similar but separated pop
ulations are already different species is 
as futile as to discuss how many grains 
constitute a heap. To draw a sharp bor
der in a gradual cline between two 
species is also impossible. Even sympat
ric forms are frequently isolated incom
pletely (for example species of Papili0 8 

and 'host races' of Lochmaea9). 

In such cases we cannot discover spe
cies like new islands but, instead, face 
continuous diversity and have to de
scribe it. Still, species, as a more or less 
distinct and genetically and evolutionary 
independent entity, is a useful concept, 
even when applied to asexuals, where 
ecological factors tend to create discrete 
forms (page 135 of ref. 10). For sexual 
organisms the degree of genetic ex
change must be important for taxonomic 
decisions, although the Earth is not 
populated exclusively by 'good biological 
species'. This only makes genetics of 
speciation more exciting. 
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SIR - Coyne! suggests that the new 
molecular mapping techniques should 
provide the data needed to construct 
models showing how genetic changes 
lead to speciation. We believe that such 
studies and models may be more fruitful 
if it is recognized that inherited epigen
etic, as well as genetic, changes may 
underlie reproductive isolation, particu
larly in the early stages of speciation. 

The importance of inherited epigen
etic information is clear from studies of 
genomic imprintini,3. In many species, 
genetically identical genes or chromo
somes function differently, depending on 
whether they were inherited from the 
male or female parent. Chromosomes 
from mother and father carry different, 
but complementary, imprints - differ
ent epigenetic information. One con
sequence is that mice that inherit both 
copies of a chromosome or chromosome 
region from the same parent are often 
abnormal. Similarly, mouse embryos 
constructed from two male or two 
female pronuclei do not complete 
development3. Although the genetic in
formation they carry is complete and 

adequate, the epigenetic information is 
not. To be viable, embryos must have 
the different, but complementary, epi
genetic information from each parent. 
Incompatibility between the epigenetic 
information inherited from the parent 
species could be the cause of the in
viability of some species hybrids4 • 

Exactly how chromosomes carry 
epigenetic information in chromatin 
structure is not known. In some higher 
organisms, patterns of DNA methylation 
are involved,' but DNA-protein inter
actions are also important2,5. Holliday6 

has pointed out that errors in the trans
mission of such information (epimuta
tions) are inevitable. Induced epigenetic 
changes are also possible4

. The methyl
ation patterns and functioning of particu
lar genes in the mouse are known to 
differ from strain to strain3, and the 
accumulation of such differences could 
lead ultimately to inviability or sterility 
in hybrids between previously isolated 
populations. Studies of methylation pat
terns and gene activity in interspecific 
crosses would help to determine whether 
this is so. Unfortunately, Drosophila, 
the genus for which there is most genetic 
information about speciation, shows 
little or no DNA methylation. 

Recognizing that information carried 
in chromatin may be important helps to 
explain some of the observations discus
sed by Coyne!. Faulty chromatin struc
ture has been implicated in some meiotic 
drive systems, and speciation resulting 
from cytoplasmic symbionts is associated 
with defective chromatin condensation. 
The disproportionately large effect of 
the sex chromosomes on post-zygotic 
isolation may be a consequence of the 
greater changes in chromatin structure 
that these chromosomes undergo during 
development, and Haldane's rule may be 
the result of the more marked chromatin 
restructuring that takes place in the 
heterogametic sex? Because changes in 
chromatin structure seem to be involved 
in so many aspects of reproductive iso
lation, studying the heritable epigenetic 
information in chromosomes may be 
necessary if speciation is to be under
stood. 
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