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      What Is the Meaning of Extreme Phylogenetic 
Diversity? The Case of Phylogenetic Relict 
Species                     

       Philippe     Grandcolas      and     Steven A.     Trewick    

    Abstract     A relict is a species that remains from a group largely extinct. It can be 
identifi ed according both to a phylogenetic analysis and to a fossil record of extinc-
tion. Conserving a relict species will amount to conserve the unique representative 
of a particular phylogenetic group and its combination of potentially original char-
acters, thus lots of phylogenetic diversity. However, the focus on these original char-
acters, often seen as archaic or primitive, commonly brought erroneous ideas. 
Actually, relict species are not necessarily old within their group and they can show 
as much genetic diversity as any species. A phylogenetic relict species can be geo-
graphically or climatically restricted or not. Empirical studies have often shown that 
relicts are at particular risks of extinction. The term relict should not be used for 
putting a misleading emphasis on remnant or isolated populations. In conclusion, 
relict species are extreme cases of phylogenetic diversity, often endangered and 
with high symbolic value, of important value for conservation.  

  Keywords     Geological extinction   •   Genetic  diversity     •   Species age   •    Endemism     • 
  Remnant  

        Introduction 

 Why does phylogenetic  diversity   (or evolutionary distinctiveness) dramatically 
matter for  biodiversity   conservation? The answer to this question fi rst posed by 
Vane-Wright et al. ( 1991 ) and Faith ( 1992 ) is often illustrated with examples of 
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emblematical and unique species. Such exemplar species that speak to everyone 
from layperson to scientist, include the Coelacanth fi sh, the Tuatara squamate, the 
Kiwi bird, the  Platypus  mammal, the Ginkgo tree, etc. All these species are said to 
be relict, because they represent groups that are mostly extinct (Grandcolas et al. 
 2014 ). The message is that these species should be cared for, because their extinc-
tion would cause a loss of information about distinct sections of life on Earth and 
their evolution. Generally, this powerful message is naively extended to characterize 
the place where these species are found, implying that the biota as a whole is a kind 
of Noah’s ark, globally worthy of consideration for conservation biology (see for 
example, Gibbs  2006  for the case of New Zealand, or Thorne  1999  for Asia). 

 To our knowledge, everyone agrees with these views and even the most hard- 
hearted companies or governments would diffi culty take responsibility for destroy-
ing such emblematical “survivors”. The public message in endorsing this destruction 
would be that they are the fools that spoil unique multimillion year antiques, even 
worse than to break a Vase de Soissons into thousands of pieces or to lacerate a deli-
cate and wonderfully conserved Da Vinci painting. Even if very consensual, such 
emotive views about relicts and  biodiversity   conservation are still often presented 
informally, which prevent them to be fully scientifi c, i.e. theoretically justifi ed, 
measurable and repeatable. 

 If then we try to set aside the emotional aspects of these views about relicts, what 
remains for conservation biology as a rational argument? Do relicts actually repre-
sent invaluable species for conservation purposes and why? Are they particularly 
exotic cases that do not account for most situations encountered by land managers 
or are they extreme cases of common situations? To answer these questions, we 
need to carefully defi ne relicts  with   phylogenetic and paleontological tools. The 
properties of such characterizations need to be explored regarding the most impor-
tant issues in conservation biology.  

    What Then,  Is   a Relict Species? 

 By defi nition, a relict is something that remains from an entity that has mostly dis-
appeared (Merriam-Webster  2014 ; Lincoln et al.  1982 ). In evolutionary biology, a 
relict species remains of a group that is mainly extinct (Grandcolas et al.  2014 ; 
Fig. 1). The basis for this inference is the observation that a species stands alone on 
a long phylogenetic branch, by comparison with a larger sister-group, because of 
extinctions that occurred since the emergence of the stem group (Fig.  1 ). Formally, 
identifying a relict species requires comparison of sister-groups with different spe-
cies numbers and characterization of extinction rates using phylogenetic tools on 
molecular trees (e.g., Ricklefs  2007 ; Rabosky  2006 ). This is the notion of  phyloge-
netic   relict species is distinct from geographical or environmental or climatic relict 
species where the relict state is defi ned according to spatial restriction supposedly 
arising from extinction of relatives in other parts of the geographical or ecological 
space (Habel and Assmann  2010 ; Hampe and Jump  2011 ). Here we will focus on 
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the  concept   of phylogenetic relict species that is more relevant to phylogenetic 
 diversity  . We then briefl y consider the concept of geographic or climatic relict spe-
cies to pinpoint when it has some added value for conservation purposes. These 
geographical or climatic relict populations could be better called “remnants” in 
order to avoid confusion with relict species.

   When dealing with presumptive relicts in a tree, it is fi rst necessary to check that 
such long phylogenetic branches are not artifacts generated by problems of tree 
construction. The most common problem of this kind is long-branch attraction 
when the analysis of molecular data tends to draw together long branches because 
of sampling defi ciency or fast-evolving molecular markers (Bergsten  2005 ). A spe-
cies may be placed onto such an artifi cially long branch when the inference proce-
dure does not fi nd closely related species, either because they are lacking in the 
taxon sample of the analysis or because selected  DNA   sequences have diverged 
much faster, erasing the information of relatedness. Such naked branches frequently 
become artifi cially long because they fall to the base of the reconstructed tree. This 
problem can look trivial but could occur more and more frequently when phyloge-
netic analyses are performed at  community   level within the framework of metage-
nomics: local and community-focused sampling will not necessarily ensure a 
reasonable taxonomic coverage and could generate more artifacts than traditional 
and taxonomy-focused phylogenetic studies. 

 Second, two theoretical cases have been distinguished among phylogenetic relict 
species: species that survived an extinction event depleting their group and species 
belonging to groups that never speciated much (Table  1 ). Simpson ( 1944 ) named 
them numerical and phylogenetic relicts, respectively. Actually, real situations are 
inevitably a mix of these two theoretical cases; even in small clades, the relict 

  Fig. 1    Two different clades with a relict species “R” remaining after species extinctions (†) in the 
 right  part of the clade. In the clade on the  left  ( a ), the relict is among the most recent species as 
indicated by the position on the time axis ( dotted line ) while in the clade on the  right  ( b ), the relict 
is among the most ancient species. It must be reminded that in most cases with lack of fossil 
record, the clade would look like the third one on the  bottom  of the fi gure ( c ), with the relict species 
alone on a long branch whose age is diffi cult to evaluate ( c  is like clade  a  or  b )       
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remains from a larger group because extinction rates are never totally zero. 
Estimating the degree to which long branches have been generated by extinction or 
by evolutionary stasis requires a combination of data from different research fi elds. 
A long molecular branch, whatever its origin, will be most often diagnosed as the 
result of extinction by methods of “lineage through time” plots (Ricklefs  2007 ; 
Quental and Marshall  2010 ). Paleontological evidence is needed in addition to 
molecular trees. If a group is known to have been much more speciose in the past, it 
strongly indicates that the relict actually remains from a much larger and extinct 
group. From this  criterion   comes the famous term “living fossil” coined by Darwin 
( 1876 ) himself: these “like fossils, connect to a certain extent orders at present 
widely sundered in the natural  scale  .” Living fossil is however a misleading term 
because it could lead to the belief that relicts remain globally similar to related fossil 
taxa through some type of generalized evolutionary stasis (e.g., Eldredge  1987 ; 
Eldredge et al.  2005 ; Parsons  2005 ). Evolutionary stasis is exceedingly diffi cult to 
diagnose since we can always expect to unveil differentiation when we observe 
more characters in the so-called living fossil and therefore to discard the stasis 
hypothesis. Actually, none of the classic relicts has ever been found similar to early 
fossil relatives after closer investigation, therefore refuting the idea of a generalized 
evolutionary stasis. For example, the venom in  Platypus  is not archaic but totally 
original, neither squamate nor mammal-type (O’Brien  2008 ), the coelacanth fi sh is 
originally modern in its reproduction mode, being ovoviviparous (Casane and 
Laurenti  2013 ). The term “panchronic” (e.g., Janvier  2007 ) has also been used in 
this way with the same wrong assumption that relict taxa did not evolve.

   Operationally, identifying relict most frequently relies on the phylogenetic  crite-
rion   because many groups have scanty paleontological records. To what extent this 
is helpful and meaningful, given the limitations of “lineage through time” plots 
(Quental and Marshall  2010 ; Crisp and Cook  2009 ; Dowle et al.  2013 ) is unclear. 
The results obtained in macroevolutionary analyses are always reconstructions from 
the past, based on incomplete samples and await confi rmation by more studies; 
proposal of a relict species requires a dedicated search for auxiliary evidence for 
extinction, including an improved fossil record (Grandcolas et al.  2014 ). 

   Table 1    Theoretical characteristics of the different kinds of relicts with reference to the 
evolutionary  process   involved, the  criterion   of characterization and the origin of the deep and long 
branch. Any real situation is actually a combination of the two fi rst theoretical cases and of the 
third one to different extents. The third case, the geographical or climatic relict, is not necessarily 
a relict sensu stricto but merely a remnant, if not positioned on a deep long branch   

 Kinds of relict 
 Evolutionary 
 process    Criterion  Deep long branch 

 “Numerical” relict   Extinction    Fossil record  Built on extinction 
 “Phylogenetic” relict  Low speciation  Molecular rate  Built on time 
 Geographical or climatic 
“relict” 

  Area   restriction  Fossil record or 
distribution 

 Not necessarily 
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 Given this generally accepted defi nition (e.g., Simpson  1944 ; Brooks and 
McLennan  1991 ), a relict is a species that will show a high phylogenetic  diversity   
score according to any metric (Rodrigues et al.  2005 ). This is a species that is on a 
relatively long branch that separated from the remainder of the clade under consid-
eration (i.e. the relict and its sister-group). Therefore, both the position of the spe-
cies in the phylogenetic  topology   and the amount of divergence are remarkable. 
Conserving a relict will contribute to preservation of a species with unique phyloge-
netic information and with many distinctive (say autapomorphic) characters.  

    What a Relict Species  Is   Not? 

 Most of the problems with the  concept   of relicts come from associated concepts that 
are not formally part of this defi nition. Because they are survivors, relicts are often 
misleadingly considered as “missing links”, “living ancestors” or “primitive or 
basal taxa.” These three last notions are based on a still common misunderstanding 
of most basic issues in phylogenetics and evolutionary biology (Crisp and Cook 
 2005 ). They are based on the fallacious generalization to the whole species of phy-
logenetic results obtained on very small and biased samples of characters, suggest-
ing that a species would be globally “intermediate” or “primitive.” In a classic case 
of circular reasoning, a few remarkably “primitive” characters observed in a living 
species are traditionally considered to have originated very deep in the  Tree   of  Life   
and are misleadingly considered diagnostic of the globally primitive state of this 
species and vice versa. The assumption is that searching for other characters would 
necessarily show that they are also in a primitive state. This assumption is naive 
because there are no reasons to assume that billions of phenotypic or genomic char-
acters in the same species have all been subject to a global evolutionary stasis. In 
addition, this assumption has never been empirically met when such species are 
studied further. 

 For example,  Mastotermes darwiniensis , the sister group to all other termites is 
present today only in Australia but found worldwide in the fossil record. It has pro-
foundly archaic wing venation, egg laying and female genitalia, but it also shows an 
amazingly derived and multifl agellate spermatozoid (Legendre et al.  2008 ; Abe 
et al.  2000 ). The small tree  Amborella trichopoda  that is  endemic   to New  Caledonia   
is considered to be the sister group to all fl owering plants (Soltis et al.  2002 ). It has 
very often been used as a proxy for the ancestral state of many phenotypic traits 
(e.g., Friedman and Ryerson  2009 ). However, its mitochondrial genome is amaz-
ingly modern and composite, resulting from many horizontal transfers from diverse 
organisms (Bergthorsson et al.  2004 ; Rice et al.  2013 ). There is no organism where 
all characters are primitive or intermediate like a living ancestor. According to the 
principles of phylogenetics, it is well recognized that an ancestor with all characters 
plesiomorphic is therefore by nature paraphyletic and could not be characterized or 
identifi ed by even only one apomorphy (Nelson  1970 ; Engelmann and Wiley  1977 ). 
In addition, and from a semantic point of view, the term “basal” is nonsensical since 
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two sister-groups are the same rank, one cannot be basal to the other (Krell and 
Cranston  2004 ). 

 An interesting and neglected characteristic of a relict having survived extinctions 
is that it is not necessarily a “deep-branching” or “old” species (Fig.  1a ); the species 
could have branched either recently or deeply within a group of which most mem-
bers of which are already gone (Grandcolas et al.  2014 ). A molecular phylogenetic 
study, based only on extant taxa, will not be able to distinguish the age of the species 
from lineage age (Fig.  1c ), unless it permits the discovery of genetic  diversity   within 
the crown group species (i.e. several species that were previously confused or sev-
eral haplotypes within the same species) which will allow the distinction from the 
stem group. This possibility has been recently illustrated by exemplary studies bear-
ing on famous relict taxa: the coelacanth fi shes (Inoue et al.  2005 ), the cycad plants 
(Nagalingum et al.  2011 ), and the gymnosperms as a whole (Crisp and Cook  2011 ). 
In these cases, the extant species have been dated as recently differentiated in very 
old clades that mostly went extinct long ago. Therefore, conserving a relict does not 
conserve an ancestor or a particular stage of an old evolutionary history but a unique 
combination of character states representing a larger but mainly extinct group.  

    Are Relict Species Evolutionarily Frozen? 

 We mentioned that taking relicts as living ancestors is an obviously fallacious infer-
ence, but this point of view has also been formulated in less exaggerated and mis-
leading terms. For example, relicts have often been considered to have lower 
evolutionary rates, being in someway evolutionarily frozen (e.g., Amemiya et al. 
 2010 ), which would explain why they did not speciate giving rise to a large group. 
Parsons ( 2005 ) defended the idea that those relicts that live in very specialized and 
stable niches (e.g., hypersaline biota) would not be subjected to many biotic interac-
tions, preventing any further adaptive change. The same kind of reasoning has been 
applied to other supposedly narrow niches (Ricklefs  2005 ), from caves (Gibert and 
Deharveng  2002 ; Assmann et al.  2010 ), deep-sea vents (Van Dover et al.  2002 ) and 
oceanic islands (Cronk  1992 ). The rationale is that the relict is subjected to little 
diversifying selection in a stable niche, so there is little anagenetic change in the 
lineage. Darwin ( 1876 : 83–84) himself expressed this for what he called living fos-
sils: “they have endured to the present day, from having inhabited a confi ned  area  , 
and from having been exposed to less varied, and therefore less severe, competi-
tion.” Adopting this view, some biologists have questioned the evolutionary value 
and potential of relicts (e.g., Erwin  1991 ; Myers and Knoll  2001 ; Mace and Purvis 
 2008 ). Some also doubted the extent to which phylogenetic  diversity   is an all-pur-
pose  criterion   to measure the importance of species (Winter et al.  2013 ): phyloge-
netic diversity may indicate which species are evolutionarily unique, but does it 
indicate also which species have  evolutionary potential   and ability to evolve and to 
adapt further in a changing world, or both? What use is there for conserving a relict 
informing about past evolution if it represents the living dead, unable to adapt and 
soon extinct when facing the next environmental changes? 
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 If all relicts really proved to be frozen or genetically depauperate and unable to 
evolve, their conservational value would be actually highly decreased. However, we 
should suspect that these wide generalizations may not always be correct and a brief 
literature review readily shows that they do not correspond to many real situations. 
For example, several case studies have shown that coelacanth fi shes (Holder et al. 
 1999 ; Casane and Laurenti  2013 ), and also horseshoe crabs (Avise et al.  1994 ) have 
a polymorphic genetic structure, even in spite of their globally conserved genome. 
Recent studies also showed in some relict species, the tuataras or the  Cercidiphyllum  
trees, two other emblematical relict species, the same  pattern   of mutational and 
retention of population genetic  diversity   as in other species (Hay et al.  2008 ; Qi 
et al.  2012 ). More generally, Casane and Laurenti ( 2013 ) also warned not to use raw 
population genetic diversity as a proxy for documenting evolutionary rate or stasis, 
as it depends on the population size or on the selection forces that could hide high 
mutation rate. The computation of evolutionary rates also strongly depends on the 
 scale   of sampling through generations. 

 Conserving a relict species is therefore not just a way to save high organismic 
 diversity   and it is not at odds with retaining potential for future evolution. Recent 
empirical and theoretical studies have pointed out that conserving a phylogeneti-
cally diverse set of species could be a bet-hedging strategy that allows retention of 
species with most diverse characteristics of any kind, including  evolutionary poten-
tial   in the short term, i.e. adaptiveness (Faith  1992  chapter 3; Forest et al.  2007 ; 
Steel et al.  2007 ; Davies et al.  2008 ; Davies and Cadotte  2011 ; Fjeldså et al.  2012 ; 
Lean and Maclaurin chapter “  The  Value   of Phylogenetic  Diversity      ”). Actually, this 
potential should better be measured and evaluated in each case and not assumed 
from a priori conceptions of evolutionary stasis. Predicting the evolutionary poten-
tial of species on the long term (potential for speciating and radiating) is another 
issue, actually not feasible from any of their present characteristics (Barraclough 
and Davies  2005 ; Winter et al.  2013 ). We should however remember that the evolu-
tionary record of hundreds of millions years told us many cases of strong diversifi -
cations in groups that were fi rst strongly depleted (e.g., Neoaves, Eutherian 
mammals, etc.) Even if we cannot predict the future of a present relict species in 
thousands or millions of years, we should at least consider that it is actually not 
necessarily closed in terms of potential for surviving and diversifying, given what 
we know from the past histories of other several groups.  

     Is   There a Geographical or a Climatic Component 
to the Notion of Relictness? 

 In the earliest papers on the subject, species were considered relicts according to an 
inexplicit mixture of several components: taxonomic (now phylogenetic), climatic 
(e.g., the famous glacial relicts) and geographic (Darwin  1876 ; Simpson  1944 ; 
Darlington  1957 ; Holmquist  1962 ; Cronk  1992 ). All were considered because some 
species show relict features under each of these criteria, being both phylogenetic 
and geographic relicts. More recently, Parsons ( 2005 ) has drawn some interesting 

What Is the Meaning of Extreme Phylogenetic Diversity? The Case of Phylogenetic…

http://dx.doi.org/10.1007/978-3-319-22461-9_2


106

inferences about the reasons why relicts (that he also called living fossils) can be 
geographically limited or not. A typical and often cited case is the tree  Gingko 
biloba , found today only in a region of China and an amazing phylogenetic relict of 
the large group of Gingkoales well known from the Cretaceous fossil record (Zhou 
 2009 ). This coincidence of criteria is however not always the case and some con-
spicuous phylogenetic relicts are quite widely distributed, including the horseshoe 
crab (e.g., Selander et al.  1970 ) and some tropical bird species (Fjeldså  1994 ). It 
appears then that the geographic or environmental  criterion   is secondary. Sometimes 
it fi ts, sometimes it does not, and all relict species need fi rst to be documented on a 
phylogenetic basis. A “remnant” species strongly restricted geographically (typi-
cally isolated or peripheral) is not necessarily a relict that is isolated by extinction 
of its closest relatives. Phylogenetic or genetic studies could infer other less expected 
scenarios. The related group of the remnant could have been affected by both extinc-
tion and increase of neighboring distributions or the remnant may have originated 
after a dispersal event from a large distribution source (Fig.  2 ).

   The traditional view of geographical restriction still expressed by various authors 
also considers the territories harboring one or several famous relicts as antique ref-
uges (Gibbs  2006 ; Heads  2009 ). Generally, this biogeographic reasoning is quite 
circular, justifying the presence of relicts by the old geological age of the deep base-
ment and considering it as a Noah’s Ark (without consideration for more recent and 
decisive paleogeographic events such as land submersion, major climatic changes, 
etc.) and vice versa, without searching for independent biological evidence (Waters 

a b

  Fig. 2    Two theoretical examples showing how the assumption that a geographically restricted or 
peripheral species is a relict can be falsifi ed. These examples should be examined fi rst with respect 
to distribution areas only ( upper  part of the fi gure), and then with consideration for the phyloge-
netic tree and extinctions events († and  spotted lines ,  lower  part). In both cases, R? was falsely 
believed to be a relict on a geographical basis alone (most peripheral and smallest distribution  area  ) 
while the actual relict X was not identifi ed as such. In the fi rst case ( a ), the species X was not 
detected as a relict in the lineage because the distribution area of a neighboring species increased 
since the extinction of relatives. In the second case ( b ), the species R? was the most peripheral and 
isolated one because of a dispersal event from the zone where all the other species of the group 
were located including the species that went extinct       
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and Craw  2006 ). Actually, the fact that a relict remains from a larger group that is 
mainly extinct is a specifi c circumstance that makes diffi cult any inference of local 
permanence because relatives have disappeared and cannot therefore inform about 
the evolution of the distribution (Grandcolas et al.  2014 ). 

 Being a phylogenetic and a geographical relict at the same time is a frequent case 
and it brings even more concern for conservation. The relict species is then not only 
evolutionarily unique but also particularly vulnerable in case of local disturbance 
because of its limitation to a reduced  area  . As emphasized by Rodrigues et al. 
( 2005 ), if this relict occurs in a small area that is not species-rich, it is even more 
potentially endangered because conservation actions will not be undertaken for 
other reasons. 

 There is however a recent trend to defi ne as relicts some narrowly distributed or 
isolated populations when the species distribution is fragmented, even if the 
 evolutionary status or phylogenetic position of these populations is either not known 
or presumptively not “deep-branching” and even if there is no evidence that this 
isolation was caused by the extinction of some related populations (Habel and 
Assmann  2010 ; Hampe and Jump  2011 ). Perhaps, dispersal caused the fragmented 
distribution (Fig.  2 )? Population and conservation biologists wish to point out that 
such fragmented, isolated or remnant populations are worthy of further investiga-
tion or consideration for conservation (e.g., Laurance and Bierregaard  1997 ). In our 
opinion, this trend is confusing and brings polysemy within the term “relict.” 
Surviving extinctions as evidenced by phylogeny or the fossil record for whole spe-
cies is not the same as having a decreasing or a fragmented distribution  area   for 
some populations within a species even if it involves some genetic differentiation 
(see even Watson  2002 , who applies “relict” to the species present in forest frag-
ments prior to fragmentation). Such short-lived population changes are likely fre-
quent and dynamic, as shown by paleoenvironmental studies. One could assume 
that geographically relict populations are phylogenetically relict species in  statu 
nascendi , but there is not (yet) evidence for that. We should be patient and wait for 
a few thousands of years at least before making our judgement… This is the reason 
why we proposed that the term relict should only be employed for phylogenetic 
relict species only. The so-called climatic or geographical relicts should then be bet-
ter called “remnants” and qualifying the target category (population, forest frag-
ment, etc.), for example, a climatic remnant population or a geographic remnant 
population (see Eriksson  2000  for a clarifi cation and their possible functional 
importance). 

 From the point of view of conservation biology, this clarifi cation is clearly 
needed and it permits distinction between two different cases. A phylogenetic and 
possibly geographical relict species must be considered for conservation since it 
contributes to organismic phylogenetic  diversity   and is possibly geographically or 
ecologically vulnerable. A climatic remnant population may just increase local 
diversity by the presence of one more species and, more signifi cantly, may contrib-
ute to inform about interesting historical or ecological processes of distributional 
changes (Hampe and Jump  2011 ). The remnant population is neither necessarily 
deeply rooted into the history of the lineage nor remaining from a larger set. This 
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has to be eventually documented. Other cases of small distribution areas (for exam-
ple, newly established populations of expanding species) are still another case, nei-
ther relict species nor remnant populations, but population isolates.  

    Relictness: A Relative Notion and the Need for Formal 
Analyses 

 The term relict is generally employed either for emblematic taxa or for well-defi ned 
situations where taxonomic, phylogenetic and paleontological characterizations are 
established from previous studies and publications. This defi nition generally 
embodies the relict species, its very large sister-group, the paleontological record 
and the geographic restriction if any. For example, the relict  Amborella trichopoda  
is the sister-group of all other fl owering plants and it is only found in  New Caledonia   
(Soltis et al.  2002 ). But relictness is not a particular state of a character that can be 
distinguished unambiguously from other and different states. Like most other class- 
level characterizations such as rarity, specialization or endemism (e.g., Rabinowitz 
 1981 ; Futuyma and Moreno  1988 ; Anderson  1994 ), relictness is a relative and com-
posite situation that needs to be established by comparison, and in every case by 
phylogenetic comparison. Strictly speaking, we should not say  Amborella trichop-
oda  is “a relict” but  Amborella trichopoda  is “a relict species for fl owering plants.” 
This comparison is based on  topology   and branch  length  s that depend on the taxon 
and character samples used to build the tree. This way, within fl owering plants, there 
are many groups that stand isolated on long branches and could be called relicts, 
such as  Welwitschia ,  Ephedra , etc., actually hundred of species among hundreds of 
thousands of plant lineages (for examples see Jacobson and Lester  2003 ; Dilcher 
et al.  2005 ). As it is set by comparison between sister-groups within a phylogenetic 
tree, characterization as a relict will depend on the taxon sample used in that tree. 
For non-phylogeneticists, this could sound like a limitation of this notion that makes 
it less useful. Actually, a statement of relictness needs to be based on a formal phy-
logenetic analysis conducted on a given set of taxa. Depending on the tree obtained, 
a  gap analysis   can show that one or several branches have exceptional lengths and 
originate deep in the tree. These branches and their terminal taxa can be named 
relict taxa. This is required to implement the phylogenetic  diversity    criterion   for 
conservation, characterizing the extreme case of relicts at the same time.  

    Relicts and Ecosystem Functioning 

 Macroevolutionary studies of this type might appear to be far removed from the real 
nowaday’s world where ecosystems must function and populations must be viable 
to be conserved. Actually, historical and functional views are not opposed or 
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disconnected (Brooks and McLennan  1991 ; Grandcolas  1998 ). Current research 
(e.g., Elias et al.  2013 ) in the framework of  community   phylogenetics (Ricklefs and 
Latham  1992 ; Webb et al.  2002 ) shows that trophic webs have a phylogenetic struc-
ture. Phylogenetic niche conservatism mitigated by exploitative competition means 
that related species can have similar resource use (Cadotte et al.  2008 ; but see 
Mouquet et al.  2012 ). In this theoretical framework, a relict is then expected to 
exploit a unique niche, a prediction consistent with some of the adaptive explana-
tions cited above (e.g., Parsons  2005 ), that relicts can be highly specialized (but 
inconsistent with relicts as generalists). 

 Therefore, maximizing phylogenetic  diversity   for conservation can be expected 
to select for species whose resource use is unique (Srivastava et al.  2012 ; Winter 
et al.  2013 ). In cases where relicts are found in a very stable and specialized habitat 
harboring small communities, this original resource use might implicate a key eco-
system service (e.g., Gibert and Deharveng  2002 ). At the extreme, structuring eco-
logical communities by conserving species on the basis of phylogenetic diversity 
should select against loss of function in communities, by retaining species with 
lower niche overlap even if ecological redundancy is decreased.  

    Relict Species and Present  Extinction   Risks 

 Relict species are therefore extreme cases of phylogenetic  diversity   and conserving 
them is of outstanding interest. In addition, they are not the living dead some people 
see them, which would have no viable populations or be unable to evolve or diver-
sify again, as pictured by some people. In terms of conservation biology, however, 
we should not only consider whether they are valuable in themselves for conserva-
tion but also if they are at higher present extinction risk because of global change 
and human activities. As detailed by Yessoufou and Davies (chapter “  Reconsidering 
the Loss of Evolutionary History: How Does Non-random  Extinction    Prune   the 
 Tree  -of-Life?    ”), statistical studies suggest that species-poor, monotypic families, 
small genera and old groups in mammals, birds and plants – in other words, poten-
tially relicts – are all more prone to extinction (Gaston and Blackburn  1997 ; Russell 
et al.  1998 ; Purvis et al.  2000 ; Meijaard et al.  2008 ; Vamosi and Wilson  2008 ; 
López-Pujol and Ren  2010 ). The causes of this situation probably lie in heritable 
phenotypic traits associated with long branches in these groups (Grandcolas et al. 
 2011 ). Even if these studies are biased by focusing on a few well-known groups 
(mammals, birds and plants) and by using proxies as  red list  s or meta-analyses for 
estimating extinction risks, they undoubtedly showed that present extinction could 
potentially have pernicious effects that were not suspected a priori (Nee and May 
 1997 ), by destroying proportionally more evolutionarily unique species. These 
results require more attention and future analyses should turn toward identifying the 
phenotypic characters that increase present vulnerability. It should not be assumed 
however that modern and past extinction risks are the same. The reasoning can be 
inverted; relicts are successful survivors from past geological times that could resist 
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any present global change, unless global change is fundamentally different from 
previous extinction crises. 

 Relicts are not only worthwhile to conserve by themselves because they are evo-
lutionarily unique. They can also be at higher present extinction risks for pheno-
typic reasons that remain to explore in every case. Independently from any 
phenotypic effect, geographical or climatic relictness and therefore a small distribu-
tion  area   can also be a source of vulnerability in itself.  

    Relict Species and  Conservation   Biology: A Final Appraisal 

 Relict species, even if not all famous and rooted in very deep histories such as 
 Platypus  or  Gingko , have been used as a powerful metaphor for explaining the use 
of phylogenetic  diversity   in the framework of conservation biology. We have seen 
that this is appropriate since relicts do represent an extreme case of phylogenetic 
diversity (Rodrigues et al.  2005 ). Relicts help understanding that some species can 
have a unique and decisive historical value, beyond strictly numerical consider-
ations involving species counts or metrics measurements. From this qualitative 
point of view, phylogenetic diversity has already been given a lot of consideration 
(contra Winter et al.  2013 ; but see Rosauer and Mooers  2013 ). A growing body of 
research also shows that relict species are probably at higher present risk of extinc-
tion, which qualifi es them for conservation planning from both perspectives. 

 Unfortunately, the metaphor has also been a vehicle for several misconceptions, 
that relicts are also living ancestors, basal taxa, or missing links. Even if these most 
outdated ideas are extirpated, there remains the tendency of some modern conserva-
tion biologists to erroneously conceive relicts as old species with poor  evolutionary 
potential  . 

 One important message of this chapter is therefore to explain why this later con-
ception cannot be generalized or taken as true a priori. When dealing with relicts 
and phylogenetic  diversity   in general, it must always be recalled that the present 
diversity is the result of the balance between past speciation and past extinction. 
This way, relicts remain from larger groups partly extinct. The consequence is that 
any computation of their age will be strongly biased if the past occurrence of extinct 
species is not taken into account. The age of the relict species could be equated 
naively with the age of the crown group and the base of the branch, when it might 
actually be quite recent. In addition, the evolutionary rate of the relict lineage should 
be measured and not just assumed to be generally low by focusing on a minority of 
emblematical phenotypic characters that remained stable over long time periods. 

 Conserving organismic  diversity   requires consideration for “the whole real guts 
of evolution – which is, how do you come to have horses, and tigers, and things” 
(Waddington ( 1967 ) quoted by Eldredge and Cracraft ( 1980 )). But such a historical 
view is not at odds with conserving a functional world and a world still keeping 
some  evolutionary potential  . There are not two different worlds, the one with the 
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animals of the zoo and the other with balanced trophic relationships and resilience 
to global environmental changes. 

 The other confusion to avoid is that relicts are not simply geographic or ecologi-
cal remnants. Part of a population can remain in a habitat patch after ecosystem 
fragmentation without being evolutionarily relict. Using the term “relict” to put 
emphasis on any isolate or remnant biological entity is unhelpful and confusing. 

 The metaphor of relicts is not only useful to explain the scientifi c importance of 
phylogenetic  diversity   but also has added political value for the development of 
public conservation planning. Because of its emblematical value, a relict is poten-
tially a fl ag species whose presence in a location could help promote conservation. 
Because of their importance, the position and the characteristics of such relict taxa 
must be even more accurately specifi ed. We should focus on knowing better to 
conserve better.     
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