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      Phylogenetics and Conservation in New 
Zealand: The Long and the Short of It                     
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    Abstract     Phylogenetic trees represent the evolutionary relationships of taxa at the 
branch tips. Although long branches in a tree can arise because a taxon has no close 
relatives, they can also result from other processes; care is needed when inferences 
are made from the shape of a phylogeny. New Zealand has many endangered spe-
cies and some biologists infer high evolutionary distinctiveness of these endemics. 
Although there is evidence that some New Zealand birds are phylogenetically 
distinct using them as a calibration of continental drift vicariance has been mislead-
ing. In reptiles, extensive conservation resources have been devoted to management 
of tuatara, in part due to their phylogenetic distinctiveness as sister to all lizards and 
snakes. The lack of extant diversity in the tuatara lineage could indicate that this line 
will contribute little to biodiversity in the future, in contrast to New Zealand squa-
mates that have radiated to occupy diverse habitats. All life on earth has a common 
ancestor so phylogenetic distinctiveness of any organism must be viewed in the 
context of the whole. A logical extension of building conservation strategy this way 
is a focus on microscopic life because microbes encompass far more diversity than 
do eukaryotes. Furthermore, this diversity can be captured in microbiomes such as 
soils and marine sponges that include many species and many phyla. To achieve true 
phylogenetic representation of life on earth requires conservation of ecosystems. 
Although large animals and plants are traditionally chosen as fl agship species, a 
more impartial approach might focus on microbes that underpin ecosystem 
function.  
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        Introduction 

 Variously described as a  diversity   hotspot, Gondwanan remnant and paradise lost to 
invasive species (e.g. Daugherty et al.  1993 ; Gibbs  2006 ; Lee et al.  2006 ), New 
Zealand presents enormous challenges for conservation (DOC  2000 ). Key is the 
question of how to prioritise management effort and funding (e.g. Cullen  2012 ; 
Walker et al.  2012 ) and amongst the available tools for prioritisation is phylogenetics 
(Margules and Pressey  2000 ; Purvis et al.  2005 ; Rolland et al.  2011 ). Here we con-
sider just two aspects of phylogeny in conservation with reference to New Zealand 
biota. First we examine the implications of long branches  in   phylogenetic trees and 
the biological information they might contain. We highlight the role of taxon sam-
pling in the identifi cation of long branches and the biological signifi cance of phylo-
genetic distinctiveness. We then consider a broader view of phylogenetic diversity 
including microorganisms that are rarely considered in conservation planning (Nee 
 2004a ,  b ). As the fountain of phylogenetic diversity,  microbial   diversity, which also 
underpins ecological diversity and ecosystem function, provides scaling for conser-
vation that is not infl uenced by size, scarcity and marketable appeal. We argue that 
the logical extension of a strict application of conservation prioritisation using phy-
logenetic distinctiveness must result in a focus on unicellular organisms that are not 
traditionally emphasised. Using data from marine sponges we provide an example 
of a micro-environment that is rich in phylogenetic diversity.  Diversity  - rich   micro-
biomes   may be the much-needed foci for conservation of higher order  biodiversity  .  

    Long Branches and Their Biological Meaning 

 An avowed objective of conservation is the maintenance of maximum  evolutionary 
potential   (Avise  2005 ). But as it is not feasible to confi dently predict which lineages 
will be successful in the future, not least because much that happens in biology is 
subject to stochasticism. Retaining maximum evolutionary history might be an 
alternative and better, or at least achievable strategy. In this context, taxa at the tips 
of long branches attract special attention although a similar level of investment in 
representatives of speciose clades is also required to conserve the history repre-
sented by those lineages too. 

 On the face of it taxa on long branches appear to represent long evolutionary 
history. But what is a long branch and what information does it carry (or not carry) 
about the past? 

  Long branches   on phylogenetic trees result from one of three processes:

    1.    The lineage might have evolved without lineage splitting increasing 
species diversity. This would involve each new species replaces its immediate 
ancestor in succession.   

   2.    The branch/lineage experienced an accelerated rate of molecular evolution in 
relation to all others, at the locus providing the (presumed) phylogenetic signal.   

   3.    The clade that includes the taxon in question has been extensively pruned so that 
near relatives have been removed.    
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  Processes 1 and 2 could in themselves constitute evidence of distinctive unusual 
evolutionary mechanisms that demand conservation; however this would depend on 
verifi cation. For 1, a detailed fossil record would be required to refute the alternative 
and more likely hypothesis that the lineage evolved via lineage splitting (Gould and 
Eldredge  1993 ) but has been subject to extinction (as in 3) (Vaux et al.  2015 ). For 2, 
analysis of other gene sequences would be needed to identify if rate variation was 
consistent across the genome or was due to gene-specifi c positive selection. If rate 
variation is locus- specifi c it is highly likely that resulting data are not tree-like, and 
hence phylogenetically misleading though interesting in other ways. 

 Process 3 can be further subdivided by the cause of the defi ciency of closely 
related taxa. The absence of close relatives could result simply from experimental 
failure to sample extant species that are more closely related, or might represent 
extinction of other members of the clade at any time in the past. These alternatives 
can be readily tested by inclusion of all plausible extant relatives in phylogenetic 
analyses. Where a “clade” is truly represented by a singleton (i.e. no closer relatives 
exist on the planet), then the sister group corollary has to be considered. Every lin-
eage exists as a sister to another lineage or clade so that taxa at the tips of long 
branches are not intrinsically more important in evolutionary terms than those on 
short branches. This can be readily demonstrated by the simple expedient of prun-
ing an existing data set (Fig.  1a ). 

 The role of variation in rates of molecular evolution in producing long branches 
can be determined from the underlying data. In ideal circumstances, if phylogenetic 
reconstruction has used appropriate models of  DNA   evolution and informative out-
groups, trees with long branches resulting from rate acceleration are expected to look 
quite different from those that simply lack near relatives (Fig.  1b ). Phylogenetic trees 
inferred from molecular data use sampling at time zero (the present) so it is expected 
that sequences will change subject to some local rate variation around a mean for a 
given taxon group, gene etc. with a relatively small variance (see Bromham and 
Penny  2003 ). Thus, typically, a phylogeny that is subject to local rate variation will 
appear unbalanced; branch tips will not be adjacent or nearly so (Fig.  1b ). An obvi-
ous situation in which local branch rate might result in a long branch and/or phylo-
genetic misplacement of the node, exists when genes used for tree estimation are 
under positive/diversifying selection in some taxa, but are constrained in others.

   The relative length of a branch in a phylogenetic tree might be used to direct 
conservation strategy in three distinct ways.

    1.    Species on long naked branches in phylogenies that include the appropriate sam-
ple of extant taxa can be taken as important representation of groups that were 
once more diverse, and that represent  evolutionary potential   that is different from 
the sister clade.   

   2.    Species on long branches for which there is phylogenetic evidence of lineage 
specifi c acceleration of molecular evolution can be taken as representing inter-
esting genomes with unusual genetic properties. A long branch of this type might 
result from genome-wide rate increase (compared to sister group) or locus- 
specifi c effects and represent specifi c adaptive traits.   
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   3.     Taxa   on short branches nested within a clade, but accompanied by other charac-
ter information on their distinctiveness (morphology, behaviour, habitat type) 
could be important representatives of evolutionarily innovative lineages.     

 For large organisms such as birds and mammals and many plant groups it is rela-
tively easy to know how complete is taxon sampling amongst extant biota. In most 
cases existing taxonomy and checklists provide strong indicators. However, for 
smaller organisms, classifi cation is often incomplete, taxa are not described and 
there are many instances of misclassifi cation because character analysis has been 
lacking. Thus the signifi cance of  branch length   is tempered by other information 
and the most phylogenetically diverse types of life on earth are severely 
under-represented. 

    Birds on Long Branches 

 Our understanding of bird evolution has been advanced rapidly through the use of 
molecular phylogenies that have demonstrated that birds began to diversify before 
the K/Pg boundary (Cretaceous/Palaeogene, formerly K/T; about 65 million years 

a b

  Fig. 1       Phylogenetic trees illustrate the evolutionary relationships of species.  a  Infl uence of sam-
pling on apparent cladogenesis. Pruning branches ( grey ) from the top phylogeny results in an 
apparent long branch for the remaining clade singleton ( bottom ).  b   Long branches   where ( top ) 
unbalanced  branch length  s result from different rates of molecular evolution at the gene used to 
make the tree (or wrong outgroup), and ( bottom ) equal rates of molecular evolution but different 
rates of speciation       
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ago) (e.g. Penny and Phillips  2004 ). This fi nding countered opinions established on 
a formerly defi cient fossil record that extinction of dinosaurs and associated fauna 
at K/Pg provided the impetus for subsequent bird diversifi cation. Much of this phy-
logenetic work has centred on analysis of mitochondrial genome data (mitogenom-
ics; e.g., Pratt et al.  2009 ; Morgan-Richards et al.  2008 ; Slack et al.  2007 ; Gibbs and 
Penny  2010 ), although multilocus nuclear data have started to be generated from 
high throughput  DNA   sequencing (NGS) and advanced bioinformatics (e.g., 
Hackett et al.  2008 ; Jetz et al.  2012 ; McCormack et al.  2013 ). Recent analyses have 
focused on teasing out the timing of lineage formation using calibration with fossils 
or other information. Naturally sampling has been directed at representation of 
maximum putative taxonomic  diversity  , especially at the level of orders, and within 
this, families. A curious artefact of this approach is a sampling bias refl ecting not 
biology but researcher location. For instance, in the analysis of Pacheco et al. ( 2011 ) 
there are many New Zealand birds at the tips of long branches. New Zealand birds 
are included as representatives of four orders; Strigiformes (owls), Psittaciformes 
(parrots), Coraciiformes (rollers and their relatives) and Passeriformes (song birds), 
and three of these represent lineages estimated to have diverged before the K/Pg 
boundary (Fig.  2 ). 

 On the face of it, this is exciting evidence that New Zealand harbours ancient 
bird lineages that could be seen as consistent with the hypothesis that the continen-
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  Fig. 2    New Zealand birds on long branches. Part of the mitogenomic phylogeny of modern birds 
redrawn from Pacheco et al. ( 2011 ), featuring clades arising from the deepest nodes in the tree. The 
New Zealand species are indicated on the relevant branches; Morepork/Ruru ( Ninox novaesee-
landiae )  orange , kākāpō ( Strigops habroptilus )  green , NZ sacred Kingfi sher/ Kōtare   ( Todiramphus 
sanctus )  blue , rifl eman/ tītipounamu ( Acanthisitta chloris )  pink . Numbers at nodes are estimated 
ages in millions of years (Pacheco et al.  2011 ).  Vertical yellow  and  red dashed lines  indicate timing 
of Gondwana/Zealandia separation and K/Pg boundary respectively (Images © Sabines’s Sunbird, 
Mnolf, Fir0002, digika (respectively) – Wikimedia Commons)       
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tal crust of New Zealand has maintained deep phylogenetic  diversity   since isolation 
of Zealandia from Gondwana (Trewick et al.  2007 ; Landis et al.  2008 ). However, 
including more bird species in the analysis and information about the distributions 
of closely related species (within the same genus and family) refutes an inference of 
Gondwana origin for most of these. For example morepork/ruru ( Ninox novaesee-
landiae ) and NZ sacred kingfi sher/ kōtāre   ( Todiramphus sanctus ) are species also 
found outside of New Zealand (Trewick and Gibbs  2010 ; Goldberg et al.  2011 ). In 
further analyses, the rifl eman/ tītipounamu ( Acanthisitta chloris ) does remain sister 
to the rest of the Passerine clade but the dates inferred are more recent than plate 
tectonic separation (~40 MYA. Jarvis et al.  2014 ). An analytical problem associated 
with long branches in phylogenetic trees is the tendency for them to be drawn to the 
basal nodes. This “long branch attraction” is an artefact of repeated nucleotide sub-
stitution resulting in character convergence by chance, such that shared derived 
characters states are not available to counter the effect (see Bergsten  2005 ). Thus 
caution is always required when making inferences from long branches that appear 
to have phylogenetically deep origins.

   When biogeographic history is used to calibrate molecular clocks the impression 
of ancient origins of lineages can be exacerbated. For instance Wright et al. ( 2008 ) 
studied parrot evolution and used the timing of Zealandia/Gondwana breakup (~80 
mya) to calibrate their molecular clock analysis. This approach rested on the 
assumption that continental drift resulted in the origin of the lineage leading to 
kākāpō (see Crisp et al.  2011 ). This is an appealing idea because the shared strati-
graphic history of Zealandia and Gondwana is well known (Campbell and Hutching 
 2011 ), and the kākāpō ( Strigops habroptilus ) shows many derived traits not seen in 
other parrots (e.g. fl ightless, lek breeding, nocturnal). As a result of this calibration 
kākāpō and another native New Zealand parrot genus ( Nestor ) were placed on a 
branch with its node at about 80 mya, apparently supporting the idea of an ancient 
New Zealand origin of Strigopoidea (Wright et al.  2008 ). The reasoning is however 
circular (Waters and Craw  2006 ), and the underlying assumption clearly falsifi ed. 
Wright et al. ( 2008 ) themselves noted that some over-sea dispersal of parrot ances-
tors was required to reconcile all parts of their biogeographic analysis. There is 
separate direct evidence falsifying the hypothesis that Strigopoidea originated 
through ancient breakup of Gondwana and Zealandia; the existence of a distinct 
species of  Nestor  on the geologically young volcanic Norfolk Island (~900 km 
north of NZ) until European time. Clearly birds in this lineage retained the ability to 
move substantial distances over water (Christidis and Boles  2008 ). 

 More recent analyses using multiple fossil calibrations outside the parrots indi-
cate ancestry of this order (Psittaciformes) is probably more recent than both 
Gondwana/Zealandia breakup and the K/Pg, (Pacheco et al.  2011 ; White et al.  2011 ; 
Schweizer et al.  2011 ; Jarvis et al.  2014 ). Analyses retain the New Zealand 
Strigopoidea as sister to other extant parrots, but inferences about the timing of 
evolution of the “unique” traits associated with the tip species (alpine kea, temper-
ate kākā, fl ightless kākāpō) have little to do with the age of the lineage. Neither the 
evolution of fl ightlessness in kākāpō nor the current exclusivity of their phyloge-
netic branch to New Zealand can be attributed to the base of the lineage; fl ightless-
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ness might have evolved anytime since formation of the lineage and extinction of 
other members of this lineage that once existed outside New Zealand could have 
occurred at any time in the past (see Fig.  1a ). 

 Fossil parrot bones have recently been identifi ed in New Zealand dating to 
between 16 and 19 million years ago (Worthy et al.  2011 ). These have some mor-
phological features in common with the genus  Nestor  (kākā and kea) that are not 
shared with living Australian parrots. There is, however, no available analysis test-
ing the plausibility of alternative systematic classifi cation, and current evidence 
does not preclude the former existence of  Nestor -like parrots (Strigopoidae) in past 
Australia or Antarctica; both are large landmasses that could have supported sup-
posedly New Zealand bird lineages. 

  Kōtare   (NZ Sacred kingfi sher) and Morepork/Ruru (owl) at the tips of long 
branches (Pacheco et al.  2011 ) can readily be shown to offer spurious information 
about the New Zealand biota. Both species also occur outside New Zealand, and 
have many near relatives around the world. Thus, where a lineage is represented by 
high  diversity  , the implications of long branches can be readily assessed, but truly 
sparse lineages (in the extant biota) remain open to question. In contrast, short edges 
are readily understood, but as morphological and behavioural evolution is not clock- 
like, species with numerous unusual characteristics might have unexpected close 
relatives. For example, the extinct New Zealand eagle ( Harpagornis moorei ) was 
the largest eagle known in the world although it shared a common ancestor with the 
Australian Little eagle ( Hieraaetus morphonoides ) just a few million years ago 
(Bunce et al.  2005 ). Similarly, the takahē (Rallidae,  Porphyrio hochstetteri ) is fl ight-
less and the largest of its family, yet is closely related to a common fl ying species 
(Trewick  1997 ; Garcia-R et al.  2014 ).  

    On a Reptilian Limb 

 The native New Zealand biota includes only two lineages of scaled reptiles 
(Squamata), diplodactylid geckos and lygosomine skinks, but it also harbours one 
other lepidosaurian lineage that is missing from the rest of the world 
( Rhynchocephalia  ) (Fig.  3a ). So although only two of the four reptilian orders are 
found in New Zealand, the  diversity   does span an unparalleled phylogenetic  scale   
for this group of vertebrates. Furthermore, New Zealand species diversity is high 
but only in some parts of the tree (Fig.  3b ).

   The  tuatara   (  Sphenodon     punctatus ) is very clearly out on a phylogenetic limb 
and naturally this has resulted in much research interest on its ecology (Towns et al. 
 2007 ; Mitchell et al.  2010 ), reproduction (Cree et al.  1992 ; Cree et al.  1995 ; Miller 
et al.  2009 ),  parasites, immunology (Miller et al.  2007 ; Godfrey et al.  2010 ), phylo-
geography (Hay et al.  2009 ) and conservation (Daugherty et al.  1990 ). The node 
uniting  Sphenodon  with the geckos and skinks may date to Triassic time (>200 
mya), although that does not mean that geckos or skinks or  Sphenodon  originated 
then. In terms of phylogenetic sampling, molecular data for New Zealand lepido-
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  Fig. 3     a  Cladogram of Lepidosauria ( grey box outline ) and related lineages  1 .  Rhynchocephalia  ; 
 2 . Lizards;  3 . Snakes;  4 . Crocodiles;  5 . Birds.   b     Phylogenetic tree for all New Zealand Lepidosauria 
inferred using Maximum Likelihood analysis of mtDNA ND2 sequences from Genbank with GTR 
model (RAxML- Stamatakis  2006 ) comprising the single extant species of Rhynchocephalia (Hay 
et al.  2009 ), ~36 species of gecko (Nielsen et al.  2011 ), and ~40 species of skink (Chapple et al. 
 2009 ). The  grey fi lled box  indicates the region of the tree that provides no phylogenetic or biogeo-
graphic information about the lineages       
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sauria is rich, with substantial studies that have drawn on many years of expert 
searching (Chapple et al.  2009 ; Nielsen et al.  2011 ). There is little likelihood that 
major lineages are missing from the analysis through failed sampling. The sampling 
of likely relatives from outside New Zealand is also probably now suffi cient to pro-
vide confi dence that the gecko and skink radiations are each monophyletic and 
 endemic  . 

 As a representative of a lineage ( Rhynchocephalia  ) that has been otherwise 
pruned out,   Sphenodon    does have important conservation status because a single 
species extinction would result in the loss of the entire lineage, not just in New 
Zealand but across the globe. In contrast, New Zealand skinks and geckos would 
have to undergo extinction of numerous species before their respective stem lin-
eages were lost, and even then they would be lost only in New Zealand; related 
skinks and geckos elsewhere would retain the  evolutionary potential   of the group. 

 But this sort of thing must have been happening since the dawn of life on earth, and 
in terms of taxonomic, biogeographic, ecological, and metabolic  diversity  , the rhyn-
chocephalids are already extinct.   Sphenodon    is sadly a museum piece that tells us as 
little about evolution of reptiles as it tells us about New Zealand biogeography. 
 Sphenodon  does say something about the infl uence of extinction on  biodiversity   but 
gives only a tentative hint of the role of natural selection in this  process  . The global 
demise of rhynchocephalia (Jones  2008 ) corresponds with diversifi cation of squa-
mates, and though it is tempting to see evolutionary cause and effect, there is currently 
no strong evidence for this (Evans and Jones  2010 ). However, in New Zealand, extant 
geckos and skinks appear to have diversifi ed from the Miocene onwards (Chapple 
et al.  2009 ; Nielsen et al.  2011 ), whereas  Sphenodon  did not (or lost diversity as fast 
as it gained it). Even though there is tantalising evidence that an ancestor of the  tuatara   
might have been present in New Zealand in the Miocene (Jones et al.  2009 ), there is 
no evidence for  Sphenodon  diversifi cation. Even amongst extensive Holocene fossils, 
that include representatives of many vertebrate species extinguished soon after arrival 
of humans, there is no additional  Sphenodon  diversity (Hay et al.  2008 ). 

 Because it is already rare and restricted to habitat-modifi ed offshore islands, 
  Sphenodon    conservation does not capture broad ecosystem  diversity  , although it is 
host to an endangered species of tick (Miller et al.  2007 ). Conversely, the gecko and 
skink lineages occupy diverse habitats in forested and open situations from coast-
line to alpine zone; preservation of either or both of those lineages would result in 
conservation of ecological diversity across New Zealand. New Zealand geckos are 
biologically interesting because of their viviparous mode of reproduction and abil-
ity to occupy alpine habitat; traits that are unique to the lineage and thus of conser-
vation signifi cance.   

    Long Branches and Phylogenetic Diversity 

 A measure of a species’ expected contribution to genetic, or evolutionary distinc-
tiveness is derived from its position in a phylogeny that can be used to place a value 
on that taxon (see chapters in this book). And as all life on earth has a common 
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ancestor (Darwin  1859 ; Theobald  2010 ), we can consider the phylogenetic value of 
any species in the context of the whole (Fig.  4 ). This view of life based on  DNA   
sequences of full genomes reveals that phylogenetic  diversity   is dominated by 
microscopic organisms and conservation of any visible life (fungi, plants, animals) 
preserves very little evolutionary distinctiveness (Fig.  4 ; Ciccarelli et al.  2006 ). 
Thus, as a starting point in the application of phylogenetics to conservation we 
should put equal resources into maintaining diversity within the three major lin-
eages (or long branches):  Bacteria  ,  Archaea   and  Eukarya  . However, the only species 
we know suffi ciently well to recognise a decline and have knowledge to remedy are 
eukaryotes. In addition, it is the habitats provided by multicellular organisms that 
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  Fig. 4     Phylogenetic diversity   on Earth is dominated by microscopic organisms, as revealed by the 
tree of life based on 31 universal protein families (Redrawn from Ciccarelli et al.  2006 ). Branch 
lengths give an indication of the extent of  diversity   and lineage age. Note the very shallow branches 
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we have invested resources into studying; habitats that host numerous interesting 
lineages of Bacteria and Archaea (Eckburg et al.  2005 ).

   Thousands of low-abundance taxa account for most of the observed phylogenetic 
 diversity   in any environment. This “rare biosphere” contains a large proportion of 
phylogenetic diversity and represents an enormous contribution to genetic distinc-
tiveness and evolutionary innovation (Sogin et al.  2006 ; Nee  2004a ). After Anton 
von Leeuwenhoek fi rst looked at  bacteria   in lake water and material scraped from 
his teeth in the seventeenth century, our understanding and appreciation of the dis-
tribution and abundance of microorganisms advanced relatively slowly. It is now 
accelerating rapidly as technological developments allow us to obtain and analyse 
large amounts of  DNA   data directly from environmental samples containing large 
numbers of taxa (Lozupone and Knight  2008 ). Indeed the current state of technol-
ogy means that  microbial   genomes are tractable objects for whole genome sequenc-
ing. We will soon know whether the 4957 bacterial taxa found in soil of a commercial 
apple orchard (Shade et al.  2012 ) is species rich (but phylogenetically restricted) 
compared to a marine plankton net sample with 189 species of zooplankton 
(Machida et al.  2009 ), or human skin with more than 205 species of bacteria from 
19  phyla   (Grice et al.  2009 ). Microbial phenotype arrays allow the gathering of far 
more precise ecological detail about bacteria than is available for eukaryotes 
(Bochner  2008 ). There is also emerging evidence of additional fundamental types 
of life on Earth (Zakaib  2011 ). 

 As an example of the known unknowns, consider New Zealand  sponges. Sponges   
are multicellular (visible) marine animals of the phylum  Porifera  . In coastal water 
around New Zealand 733 species of sponges have been recorded from 20 orders 
(Kelly et al.  2006 ). As with much of the New Zealand fauna (see Trewick and 
Morgan-Richards  2009 ), about 95 % of these are  endemic   to the region at the spe-
cies level. However, in themselves these species contribute little directly to global 
 diversity   because other closely related species exist elsewhere. Generally sponges 
are not endangered, although special regions of high diversity that exist in hydro-
thermal areas and on seamounts are under pressure from benthic trawling (Kelly 
et al.  2006 , and see Gianni  2004 ). 

 Nevertheless conservation of any  sponge   species or even population contributes 
much more; sponges are home to distinct  microbial   communities ( microbiomes  ) so 
the total number of  phyla   preserved might reach more than 40.  Sponges   host rich 
microorganism communities and with next generation  DNA   sequencing data the 
number of known bacterial phyla in sponges has recently increased (Webster et al. 
 2010 ; Schmitt et al.  2012 ). Although many of the detected phyla are formally 
described, such as the Algae, Fungi, Actinobacteria, Chlorofl exi (Green non-sulfur 
 bacteria  ), Cyanobacteria, Nitrospira, and Proteobacteria (Fig.  5 ), several new ones 
have also been discovered in sponges (Turque et al.  2010 ; Webster et al.  2010 ; 
Schmitt et al.  2012 ). A single sponge provides an environment that protects an 
impressive array of phylogenetic  diversity   (Taylor et al.  2007 ). So how can we best 
conserve the phylogenetic diversity harboured inside sponges? Will one species or 
one geographic region suffi ce?
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   Samples from eight locations around the world detected 2567 bacterial taxa rep-
resenting 22  phyla   living inside sponges (Schmitt et al.  2012 ), while three species 
of Australian  sponge   held a total of 2996  bacteria   taxa from 36 phyla (Webster et al. 
 2010 ). Different sponge species from the same environment possess distinct symbi-
otic communities. Some components of their bacterial communities appear to be 
passed from parent to offspring while other components are acquired from the sur-
rounding seawater (Webster et al.  2010 ; Schmitt et al.  2012 ). Thus, although a few 
bacteria are found in all sponges the majority are either host or region specifi c. For 
example tropical sponges have  microbial   communities that are more similar to each 
other than to the communities in subtropical sponges. 

 Schmitt et al. ( 2011 ) collected fi ve  sponge   species from a single bay on the coast 
of New Zealand. By focusing on just the  bacteria   that are members of the phylum 
Chlorofl exi they compared species  diversity   between sponges with either high or 
low  microbial   abundance, and contrasted this with Chlorofl exi diversity in the sur-
rounding seawater. Fifty-eight species of Chlorofl exi were recorded from inside the 
sponges, but only three species in the seawater (Schmitt et al.  2011 ). About half 
these taxa were new to science. Ecologically important roles and specifi c associa-
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  Fig. 5    Each  sponge   is home to a  community   of microscopic life that encompasses the range of 
known phylogenetic  diversity   on Earth. Here the major  phyla   found within a sponge microbiome 
are named on the tree of life. The sponge pictured is  Raspailia topsenti , one of fi ve sympatric 
sponge species studied by Schmitt et al. ( 2011 ) from New Zealand coastal waters (Phylogeny 
redrawn from Ciccarelli et al.  2006 . Image © Katie Dowle)       
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tions of Chlorofl exi bacteria were inferred for the sponge species with high micro-
bial abundance as the majority of their bacteria fell into sponge-specifi c and 
sponge-coral phylogenetic lineages (Schmitt et al.  2011 ). Thus any single sponge 
species houses plenty of phylogenetic diversity but if we want to conserve all lin-
eages that are restricted to sponges, we need to conserve more than one sponge 
species.  

    Phylogenetic Extremities 

  Is   it feasible to prioritize for conservation the phylogenetic extremities of life? In 
fact there is no need to because microbes and peculiar multicellular organisms such 
as kākāpō, takahē and  tuatara   are intimately linked. A kākāpō could not function if 
it and its physical environment were stripped of all microbes. In this respect Kākāpō, 
like marine sponges are loose assemblies of disparate genomes. Ecosystem function 
tends to be viewed at the macroscopic  scale  , but this is only because the tools to 
visualise the much more extensive and complex underworld have only recently 
become available. Most, if not all, ecosystem processes are mediated by micro-
scopic life.  

    Conclusions 

 Kākāpō do not need a long phylogenetic branch (thought they are on one) to justify 
their conservation; their distinctive ecological traits are suffi cient reason to protect 
them. However, it is readily demonstrated, if not quantifi ed, that an environment 
capable of sustaining a viable population of this species would also sustain many 
other taxa from soil  bacteria   to trees. Similarly, takahē (Aves, Rallidae,  Porphyrio ) 
deserve protection because of their unusual ecological traits representing evolution-
ary adaptations lost elsewhere in the world through recent extinction, though takahē 
are on a much shorter branch from their shared ancestor with a common living spe-
cies, than is the kākāpō. Species’ radiations such as geckos need a quite different 
strategy that does not rely on long-branch status, to maintain their  diversity  , unusual 
traits and associated communities. However, conservation of the substantive part of 
diversity of life on Earth will  benefi t   from next generation sequencing and emerging 
bioinformatics tools that can identify assemblages of deeply divergent lineages 
within defi nable, manageable biomes. Microbiomes are not well understood, and 
therefore we are not well placed to determine which environments are home to the 
greatest phylogenetic diversity. Until we have comparative data, we must strive to 
maximize retention of ecosystem diversity on Earth, from human guts to forest 
soils, parrot feathers to rocky shores. To maximise conservation of  evolutionary 
potential   on Earth we need to pay more attention to our planet’s  microbial   diversity 
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and in doing so maintain ecosystem  process   to the benefi t of the large appealing 
species that are so popular.

   Organic life beneath the shoreless waves  
  Was born and nurs’d in ocean’s pearly caves;  
  First forms minute, unseen by spheric glass,  
  Move on the mud, or pierce the watery mass;  
 (From The Temple of Nature. Erasmus Darwin 1802) 
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