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 We have discussed a number of assumptions that are used in phylogenetic methods. One 
fundamental shared assumption shared by all methods we have talked about so far is that 
divergence (splitting of lineages) occurs, not reticulation (joining of lineages).  To address the 
latter possibility, following the general approach in this class, we need to first consider the 
principles of the topic before we can figure out how to study it: what, if anything, is 
reticulation?  
 
First a reminder: lineages vs. clades: 
 
The fractal nature of the Tree of Life. 
 The tree of life is inherently 
fractal-like in its complexity, which 
complicates the search for answers to 
these questions.  Look closely at one 
lineage of a phylogeny and it dissolves 
into many smaller lineages, and so on, down to a very fine scale.  The same is true for clades,  
Thus the nature of both the terminal clades (OTUs -- the "twigs" of the tree in any particular 
analysis) and the characters (hypotheses of homology, markers that serve as evidence for the past 
existence of a lineage) change as one goes up and down this “fractal” scale.  
 Ontologically speaking, larger-scale lineages are usually composed of smaller lineages 
nested inside them, and the choice of which lineage 
to represent in a particular analysis depends on the 
questions begin asked.  Furthermore, the lineages at 
these different levels potentially have different 
histories; in other words the smaller lineages are not 
always proper subsets of the larger ones.  This is 
sometimes called the gene tree / species tree 
distinction (Maddison and Maddison 1992), but that 
distinction is far too simplified; there are many 
nested levels of potentially incongruent lineages, not 
just two. 
   
Is there a difference between genealogy and phylogenetics? 
 Rosenberg and Nordborg (2002) say that there is a difference, and many workers 
(primarily zoologists) do make a distinction between reconstructing trees at the population level 
(genealogies) and at the species level and above (phylogenies).  The same workers would 
distinguish phylogeography from phylogenetic biogeography, and separate out study of 
coalescence ("gene trees") from branching evolution ("species trees").  But are these just false 
distinctions: confusing lineages with clades, and misunderstanding the fractal nesting of both? 
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 A bit if history: population genetics has always placed 
special emphasis on identity of genes by descent -- why?   It goes 
back to the concept of replication we discussed previously.  To 
study a process of natural selection, you need to know what the 
replicators are, as well as the interactors.  So knowing identity of 
genes isn't enough, you need to know that they are related,  Thus, 
just like all comparative methods presented in this class, knowing 
how things are related is essential to testing functional 
hypotheses.  Population geneticists developed important methods 
to study gene trees, independently from the methods developed 
by systematists to study species trees.  But the two traditions have 
themselves exhibited hybrid vigor in the last decade! 
 If it is acknowledged that branching and reticulation occur 
at many nested levels in the Tree of Life (even if the balance 
between the two processes shifts towards more reticulation as you 
go to finer scales), then we have to take into account the 
possibility of both processes at all levels, and it isn't useful to 
consider genealogy as different from phylogeny.  It's all a matter of scale. 
 
So what are the twigs on phylogenetic trees meant to represent? 
 Even if one wanted to try to avoid problems of hybridization by using only semaphoronts 
in a data matrix, one would still need to pay attention to these issues of scale.   
 On the theory side, one still needs to decide conceptually which lineages are being 
represented by what semaphoronts.  Given the fractal nature of the problem as discussed above, 
there are semaphoronts nested inside of semaphoronts.   
 On the empirical side, it is nearly impossible in practice to use single semaphoronts as 
terminals rather than compositely-coded OTUs that have data taken from a number of 
semaphoronts.  For one thing, not all semaphoronts bear all the characters; there may be juvenile 
specializations or sexual dimorphism present in a lineage.  Or some specimens will be missing 
reproductive organs.  Different genes will often be sequenced from different individuals.  
Furthermore, data are often taken from the literature, (e.g., a previously published ultrastructural 
analysis) or from a database (e.g., another lab’s gene sequence), in cases where no reference can 
be made to an original semaphoront (e.g., if no voucher specimen was deposited in a museum).  
Thus, data are virtually always compiled from studies of different individual organisms 
considered to represent the same terminal lineage.  OTUs are nearly always composites in 
practice; their composition varying depending on the scale of analysis.  Be Careful. 
 This topic obviously touches on the species debate, which we have dealt with at length 
earlier.  I just point out here that the fractal scaling of nested lineages includes those well below 
the traditional species level.  Thus, named species are not somehow different than clades at any 
other level; they are not "privileged" OTUs -- they simply need to be investigated and justified 
like any other.   
 Twigs on a given phylogenetic tree are hypotheses of non-recombining OTU's, but of 
course the process of defining such OTUs relies on character evidence and perhaps prior 
attempts at tree building (reciprocal illumination as discussed in the first couple weeks of class).   
If you take this view, then you could say that many (or most) cases of reticulation at one level 
are actually just incongruence of non-reticulate trees at a finer scale. 



Can we study reticulation with phylogenetics? 
 Reticulation is the bête noire for cladistics, as initially recognized by Hennig.  There are a 
number of different sources of homoplasy (incongruency between certain character distributions 
and the cladogram based on maximum parsimony), such as adaptive convergence, gene 
conversion, developmental constraints, mistaken coding, lineage sorting, reticulation, etc.  The 
last named factor is the most problematical because it involves the fundamental model of reality 
underlying phylogenetic analysis -- the other factors are cases of mistaken hypotheses of 
homology, whereas "homoplastic" character distributions due to reticulate evolution involve true 
homologies whose mode of transmission is not tree-like.  Hennig and later Nixon and Wheeler 
(1990) were correct in focusing on reticulation and the problems it causes for cladistics. 
However, the problem posed by reticulation for the species question is more complicated than 
their "solution" (i.e., their mistaken perception of the abrupt cessation of interbreeding at the 
species level), for the following pair of reasons:  

(1) just as barriers to reticulation are often not complete, reticulation is not a complete 
barrier to phylogenetic analysis.  We can reconstruct relationships in the face of some 
amount of reticulation (how much is not yet clear, but is amenable to study).  For example, 
McDade (1992)  has shown that incorporating a few known hybrids in an analysis of "good" 
species does not seriously affect the cladistic topology of the "good" species.  Of course, the 
hybrids cannot be placed correctly in a reticulate position solely via cladistic analysis, but the 
relationships of the non-hybrids may be perfectly reconstructable.  McDade actually gives 
rules predicting what a hybrid taxon should do in a cladistic analysis; thus there may be a 
self-correcting mechanism here as there is with other sources of homoplasy: even major 
convergence (e.g., in cave animals) can be uncovered via cladistic analysis.  As with 
convergence, where the application of phylogenetic analysis provides the only rigorous basis 
we have for identifying homoplasy and thus demonstrating non-parsimonious evolution, the 
only way we can identify reticulation on the basis of character analysis alone is through the 
application of phylogenetics, followed by the examination of homoplasy to attempt to 
discover its source (see discussion by Vrana & Wheeler 1992).   As was pioneered by Slatkin 
and  Maddison (1989), cladistic analysis of non-recombining genes can even be used to 
measure gene flow between populations.  Thus: phylogenetic analysis can be used to study 
reticulation -- in fact, it is the main tool for such studies.   

(2) reticulate relationships range from intense (in panmictic, sexually reproducing groups 
where are individual relationships are exclusively reticulate) to less intense (in spatially or 
temporally subdivided groups where both reticulate and divergent relationships exist, 
facultatively and/or obligatorily, among individuals).  Furthermore, there is no consistently 
clear demarcation between reticulate and branching relationships.  Hybridization takes place 
between clades of various patristic/cladistic degrees of relatedness.  There is no sharp 
distinction between sexually vs. asexually reproducing populations in a great many 
organisms.  Bacteria exchange genetic material in a variety of ways.  Diatoms, cladocerans 
and rotifers commonly undergo many asexual generations with occasional sexual generations 
occurring in response to environmental change; some lineages within these groups can be 
obligately asexual.  In many diatoms, only part of a single clonal lineage can become sexual 
at any given time.  Other forms of reticulation occur throughout nature.  Rare, high level 
hybridizations may occur among very divergent lineages, such as among genera of orchids; 
viral-mediated lateral transfer of genetic material is suspected at much higher levels.  Thus: 
reticulation is not a species-specific problem. 



 
 Thus, just as there may be no largest cladistic unit for which reticulation is impossible, 
there may be no smallest "irreducible" cladistic unit within which no further diverging 
phylogenetic patterns occur; ontologically speaking, we are dealing with a fractal pattern.  When 
one looks at a lineage closely, one sees a pattern of divergence of lineages within (and some 
reticulation, perhaps increasingly greater as one looks at less inclusive lineages).  Asexuals are 
the most extreme case; cladistic structure will go down to the organism-level (more on this 
below).  This fractal pattern of reticulation and branching is a severe problem for phylogenetic 
inference by any means.  But as argued above, phenomena such as symbiosis are discovered as 
incongruency between organismal and character phylogenies.  Massive convergence in one 
character system is discovered by incongruence between that system and other characters.  By 
presuming that synapomorphy is equivalent to strict taxic homology of sister groups, 
phylogenetic analysis implies that homoplasy is explainable by all other processes including 
reticulation.  Lacking other information, reticulation must always be presumed to be a possible 
explanation for homoplasy.   
 
 Assuming we want to discover reticulation by objective means (Vrana and Wheeler, 
1992), it will be important to pay further attention to the problem of reticulation.  Were 
phylogenetic analysis to be attempted on individuals within a panmictic group, consensus 
cladograms would presumably be nearly completely unresolved.  This would be the correct 
result: there is little or no cladistic structure to reconstruct in such cases.  Admittedly however, 
one might still get a single tree even with heavily reticulating units.  An unproven assumption in 
such cases of intense reticulation among OTUs is that there would be a disproportionate number 
of nearly most parsimonious trees.  One might also expect to observed non-random distributions 
of homoplastic characters (concerted homoplasy) in cases of hybridization.  How modes of 
reticulation actually affect character distributions on cladograms is an productive avenue for 
empirical and theoretical investigations. 
 
 There is hope for future development of algorithms to detect reticulation, since it is 
possible to infer hybridity based on genomic studies (using chromosomal markers or allelic 
markers such as allozymes or RAPDs; Rieseberg, et al., 1990; Arnold, et al., 1991; Rieseberg, 
1991; Arnold, et al., 1992).   Several of the CIPRES collaborators are involved in the search for 
new approaches (see http://www.phylo.org/index.html) 
 
Some terminology on types of reticulation: 
 
introgression -- leakage of some genes from one lineage to another through occasional interbreeding, perhaps 
asymmetric. 
 
horizontal transmission -- movement of some bit of the genome laterally, perhaps via a virus. 
 
hybrid speciation -- origin of new "species" (i.e., lineage) from two parent lineages that remain extant, usually by 
allopolyploidy. 
 
reticulation proper (blending) -- merging of two lineages completely into one, perhaps by secondary contact 
between two reproductively compatible groups. 
 
Coalescence theory, the study of non-recombining gene genealogies (see following 2 pages). 



 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


