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G'day Folks,

Geeks everywhere love talking about 
the  collegial,  interdisciplinary  nature 
of  science,  mostly  I 
think as it's a great way 
to  use  some  cool  and 
smart-sounding  words. 
As  well  as  that 
however it represents a 
really powerful way of 
backing  up  your 
research.  A  perfect 
example  of  this  is  the 
increasing  use  of 
ancient DNA.
Ancient  DNA (aDNA) 
is  used increasingly to 
address  a  range  of 
questions  (as  you  will 
see),  that  sometimes 
cannot be answered by 
traditional  means. 
Furthermore, it  has the power to test 
what  has  been  found  out  by  other 
means.  So  for  example,   a  genetic 
phylogeny  can  test  a  morphological 
one. This allows us independent lines 
of  evidence on the questions we are 
answering,  something  that  has 
enormous importance in a field, such 
as palaeontology, where the sources of 
data are often limited. 

Because of this, and some enthusiastic 
contributions,  the  palaeo  society  is 
proud to bring you this  ancint  DNA 
issue  of  BEER'N'BONES,  positively 
PCRed up to a massive issue, full with 
the usual news, and artciles, but with a 
distinct aDNA flavour. We've also got 
an  interview  with  aDNA buff  Mike 
Bunce from Murdoch uni. 

So  as  you  read  this  on  the  bus,  or 
perhaps train to Alcoota, and you see 
some  Neanderthal  eyeballing  you, 
take  the  time  to  remember  that 

according  to  some aDNA studies  he 
may  actually  be  part  Neanderthal. 
How  this  should  effect  your 
judgement, I'm not sure, just don't be 
too  surprised  when  he  clobbers  you 
over the head with a big stick.

In other news the palaeo society also 
has  a  couple  of  new partnerships  to 
announce.  The  first  is  with  the  new 
Adelaide  Uni  organisation;  The  DA, 
see below for more details.

We are also teaming up with the new 
website 'Dig It Up', a site dedicated to 
providing a supplies  and information 
for palaep minded peeps. The website 
is  hosted  by  Gilbert  Price  who  we 
interviewed  in  BEER'N'BONES  5.1. 
Check out the info below for a special 
offer.

We are also proud to announce Ernie 
Lundelius  as  patron  of  the  Flinders 
University  Palaeontology  Society. 
Upon  accepting  this  honour,  Ernie 
remarked,  'My  head  is  now 
unacceptable  large.'  Big  things  are 
good in Texas right?

See ya in the pit. . .
Sam

DARWIN'S ARMY

The  DA  is  a  society  for 
Environmental,  Ecological  and 
Evolutionary  Biology  students  who 
share a passion for all aspects of the 
natural world and who are interested 

in friendship and leisure 
as well as education and 
academia. The name DA 
can  be  interpreted  as 
reference to two things: 
Darwin’s  Army  (for 
those  who  are  a  bit 
Harry  Potter  obsessed) 
and  David 
Attenborough.  This 
name  seems  suitable 
because  it  encompasses 
two  “poster  boys”  of 
environmental 
education:  Charles 
Darwin,  “father  of 
evolution”  who is  most 
famous  for  his 
introduction  of  the 

concept  of  “natural  selection”  as  a 
mechanism  for  evolution  and  Sir 
David  Attenborough,  a  legendary 
documentary maker who endeavors to 
educate the world about the wonders 
of the natural biological world and the 
importance  of  conservation.
The goals of the DA are to provide:
1)  A  friendly  relaxed  environment 
where  like  minded  people  can 
socialize, get to know fellow students 
outside  classes  and  to  build a  social 
support network. Social activities may 
include pub crawls, movie nights, quiz 
nights,  dinners,  a  day  at  the  beach, 
zoo  and  botanic  garden  picnics, 
museum  and  art  gallery  tours  and 
possibly  a  weekend  camp.
2) To provide information to members 
about biology related public or private 
lectures,  seminars  and  exhibits  that 
may  be  of  interest  or  educational 
benefit  to  attend.  Such 
lectures/seminars/exhibits  are 
currently held at locations such as the 

 Ancient DNA guru Morten demonstrates how aDNA is found at  
fossil localities in situ.
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Adelaide University campus, Flinders 
University campus, Adelaide Zoo and 
the  Museum  of  South  Australia.
3)  To  provide  a  support  system  for 
students about issues with report and 
essay  writing,  advise  on  making 
decisions  about  future  career  paths 
including  postgraduate  study  and 
possible  professions  after  study  at 
University.  
4)  To  encourage  discussion  and 
activities  to  stimulate  the  mind  and 
instil  inspiration  towards  making  a 
difference  in  the  world  through 
research,  education  and  conservation 
efforts.
The plan is to meet once a month for a 
meeting followed by a social event as 
well  as  encourage regular attendance 
to  other  educational  and  recreational 
occasions. We hope that students who 
become members of the DA find that 
their  time  at  University  is  enriched 
through  making  long  lasting 
friendships  as  well  as  find 
strengthened  their  passion  and 
wonderment of the natural biological 
world.  The  DA is  planning  its  first 
official  social  event  for  early  next 
semester  so  if  you  are  interested 
in meeting  new  people and  enjoying 
some  beer  and  wine  from  the  hills, 
feel free to contact us.

For more details contact Qam:
qamariya.nasrullah@student.adelaide.
edu.au

DIG IT UP

Dig  It  Up  supplies  not  only 
palaeontology,  geology,  and 
archaeology  professionals,  but 
students,  amateurs,  juniors,  seniors, 
and the interested public at large, with 
the  basic  tools,  know-how  and  gear 
for  digging  up  Australia’s  ancient 
past. Dig It Up stocks everything you 
need,  from basic digging tools  (rock 
hammers,  trowels,  shovels)  to  field 
accessories  (backpacks,  sample bags, 
photo  scales)  and  lab  gear  (glues, 
brushes,  tweezers  and more).  All  the 
gear at Dig It Up is tried and tested for 
the  Earth  Sciences,  by  Earth 
Scientists; if we don’t like it or use it, 
we won’t sell it.

Dig It Up is more than just a place to 
buy  tools  and  equipment.  There’s 

heaps of information not only on the 
products themselves, but perhaps even 
more importantly, tips on how to use 
the gear. Plus we’ve got extensive info 
on tool maintenance and specs; there’s 
options  for  you to  review individual 
products  personally  online;  links  to 
the latest news going on in the Earth 
Sciences;  info  on  fieldtrips;  and  an 
open  forum  where  we  invite  you  to 
discuss  pretty  much  whatever  you 
want,  on anything broadly  related  to 
the field. Please visit us at 

Dig  It  Up  is  pleased  to  make  an 
exclusive  offer  to  readers  of 
Beer’N’Bones:  15%  off  storewide. 
Just  enter  the  code  BEERNBONES 
during the checkout procedure for the 
discount to be applied. The code will 
be  valid  until  July  23rd  2010.  And 
finally,  best  of  luck  with  all  your 
digging needs.

Dr Gilbert Price

www.DigItUp.com.au

FORWARD

TIME LORD 
SCIENCE:
 THE REAL 
HISTORY OF 
ANCIENT DNA

The first most of us 
heard about  ancient 
DNA  (aDNA)  was 
Jurassic  Park.  Mr 
DNA appears on the 
movie  screen  and 
starts talking to  the 
palaeontologists 
Grant and Ellie, and 
mathematician 
Malcolm: 
“A hundred million  
years  ago,  there  
were  mosquitoes,  
just like today. And,  
just like today, they  
fed on the blood of  
animals.  Even 
dinosaurs.  
Sometimes  after  

biting a dinosaur, the mosquito would  
land on a branch of  a  tree,  and get  
stuck in the sap. After a long time, the  
tree sap would get hard and become  
fossilised,  just  like a dinosaur bone,  
preserving  the  mosquito  inside.  The 
fossilised  tree  sap,  which  we  call  
amber waited millions of years, with  
the  mosquito  inside  until  Jurassic  
Park  scientists  came  along.  Using  
sophisticated techniques, they extract  
the preserved blood from the mosquito  
and bingo, dino DNA.” 

The  Jurassic  Park  scientists  then 
sequenced  the  DNA  and  filled  the 
gaps  of  missing  sequence  with  frog 
DNA.  Transferring  this  DNA  into 
unfertilised  emu  and  ostrich  eggs, 
they  cloned  dinosaurs,  which 
eventually ran amuck and forced the 
closure  of  Jurassic  Park.  However, 
this  is  science  fiction  bordering  on 
fantastic. The real history of aDNA is 
far less fanciful but no less interesting.

Ancient  DNA  is  defined  as  highly 
degraded, fragmented and chemically 
modified  DNA  extracted  from 
historical, archaeological or sub-fossil 
specimens. When an animal  or  plant 
dies,  the  natural  processes  of  decay 

aDNA extraction in the lab
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begin to immediately break down the 
DNA physically and chemically. As a 
consequence  the  size  of  aDNA 
fragments are typically limited to 100-
500 base pairs, except in exceptional 
circumstances  where  cold  dry 
conditions,  like  those  in  the  Arctic, 
have slowed the processes of decay. 

The origin of aDNA research can be 
traced  back  to  1981,  when  Chinese 
scientists  extracted  and  cloned  DNA 
from  the  liver  of  a  2000  year  old 
Chinese  mummy.  The  scientists 
targeted  mummies  because  the 
processes  of  biological  degradation 
had been arrested and the soft tissues 
were still present. We now know that 
mummies  have  worse  preservation 
than  permafrost  specimens  because 
there  is  still  an  initial  period  of 
bacterial  decomposition  before 
preservation and desiccation. At about 
the  same  time,  a  German  and 
American team were investigating the 
possibilities  of  aDNA.  Svante  Paabo 
(known  as  the  Godfather  of  ancient 
DNA)  in  Germany  was  determining 
whether  aDNA  could  be  extracted 
from Egyptian mummies dating back 
3000 years  ago,  managing to  extract 
and  clone  aDNA from one  of  them. 

Meanwhile scientists at the University 
of  California  Berkely,  led  by  New 
Zealander  Alan  Wilson  were 
determining whether  aDNA could be 
extracted  from  museum  specimens. 
Russell Higuchi, a member of this lab, 
focused  on  the  extinct  quagga,  a 
relative  of  zebras,  with  stripes 
restricted to the front half of its body 
and  last  seen  in  the  1800’s.  Russell 

managed to extract  and clone aDNA 
from mummified muscle adhering to 
the skeleton of a quagga, showing that 
it  was  most  closely  related  to  the 
zebra and not other hoofed animals.

Cloning,  the  same  technology  that 
was used to re-create the dinosaurs of 
Jurassic  Park  was  slow  and 
cumbersome. Bacterial cloning, which 
was used in the early aDNA studies, 
relied  on  fast  growing  bacteria  to 
replicate  aDNA,  so  that  it  could  be 
sequenced.  However,  by  the  late 
1980’s Karry Mullis had developed a 
novel way to amplifying DNA in vitro 
that  was  to  revolutionise  how  we 
conduct molecular biology in general, 
not  just  aDNA  research,  eventually 
earning Karry a Nobel Prize. This was 
the  Polymerase  Chain  Reaction.  The 
aDNA research community jumped at 
this  new  technology  and  began 
investigating its applicability to aDNA 
research, resulting in a slew of studies 
on extinct mammals, birds, plants and 
ancient  humans  ranging  in  age  from 
100-50,000  years.  In  one  study, 
Svante  Paabo  managed  to  extract 
aDNA from  the  pickled  brain  of  a 
human  bog  body  from  a  North 
American  sink  hole,  showing  at  the 

time, that it was a lineage previously 
not seen in North America. In another 
study,  Alan  Cooper,  now  at  the 
Australian  Centre  for  Ancient  DNA, 
and  colleges,  extracted  aDNA from 
the  bone  and  mummified  muscle  of 
the  extinct  New  Zealand  moa  and 
showed that  moa were not the sister 
species of kiwi as previously thought, 
but a separate ratite lineage.

With  the  development  of  the 
Polymerase  Chain  Reaction,  the 
aDNA field  was  also  progressing  in 
uncontrollable  leaps  and  bounds. 
Numerous  competing  teams  were 
trying to  push the barriers  of  aDNA 
retrieval  back  into  deep  geological 
time. These included aDNA from 30 
million  (Myr)  year  old  plant  fossils, 
30-130  Myr  amber  preserved  plant 
and  insect  fossils,  providing  the 
inspiration  for  Jurassic  Park  and  80 
Myr  old dinosaur  bones.  There have 
even been claims of aDNA from 200 
Myr  fish  and  400  Myr  brachiopod 
fossils.  However,  PCR  has  one 
drawback.  While  it  can  amplify  a 
single  surviving  DNA  molecule,  it 
will  also  preferentially  amplify 
contaminating  modern  DNA  over 
aDNA if appropriate controls are not 
taken  into  account.  These  include 
using  a  physically  isolated  and 
dedicated  aDNA  laboratory  and 
replication  of  results  in  an 
independent  lab.  Given  this  most  of 
these  studies,  including  Svante 
Paabo’s  pioneering  work  on  aDNA 
from Egyptian mummies, were shown 
to be un-reproducible and/or the result 
of  contamination  from  bacterial  or 

human DNA. However, contamination 
is  still  an  issue  in  aDNA research, 
despite  rigorous  controls  that  have 
been  set  in  place.  Replication  in 
independent  labs,  for  instance,  is  a 
useless  validation  criteria  if  the 
sample is already contaminated before 
handed over to the geneticist. In 2006, 
one million base pairs of Neanderthal 
nuclear DNA was published, 78% of 

Development of aDNA techniques, swiped from Shapiro & Cooper, 2003
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which was subsequently shown to be 
modern  human  contamination.This 
estimate  has  since  been  revised
down to 11-40%.

As the  aDNA field  has  matured  and 
technology  increased  the  number  of 
samples  that  aDNA can be extracted 
from  has  increased  markedly.  These 
include  bone,  teeth,  hair,  feathers, 
eggshell, muscle, sediment, coprolites, 
plants and insects to name a few. For 
example,  in  1998,  scientists  for  the 
first time managed to extract plant and 
animal DNA from coprolites dated to 
about 11,000 years ago, to identify the 
defecator  species,  a  giant  sloth,  and 
the  plants  that  composed  its  diet. 
What this multitude of aDNA research 
has shown us is that the limit of DNA 
survival is about 130,000 years under 
ideal  conditions.  Scientists  have 
extracted DNA from a fossilised polar 
bear  jawbone about  110,000-130,000 
years old, and showed that polar bears 
are  an  evolutionary  young  species, 
having split  from brown bears  about 
150,000  years  ago.  However, 
apparently  reproducible  DNA  has 
been  extracted  from  sediment  under 
the  Greenland  Ice  sheet  dated  up  to 
800,000 years  old.  This  showed that 
before  its  glaciation,  Greenland  had 
taxa characteristic of a temperate not 
artic environment. 

The  aDNA field  has  also  embraced 
palaeogenomics,  through  the 
sequencing and examination of whole 

genomes  with  the  publication  of  the 
first  mitochondrial  genomes  of  an 
extinct species, the New Zealand moa 
in  2001.  This  sub-field  has  become 
more  achievable  with  the  advent  of 
multiplex  PCR,  which  allows  the 
amplification  of  multiple  non-
overlapping  fragments  in  two  PCR 
reactions to avoid overlap. The other 
trend  in  the  aDNA  field  has  been 
towards large scale population genetic 
studies  through time,  to  examine the 
effects of climate change and human 
impact  on  the  population 
demographics  of  species.  The  first 
study  to  achieve  this  was  conducted 
by  scientists  at  Oxford  University’s 
Ancient  Biomolecules  Centre  where 
they  extracted  aDNA  from  and 
radiocarbon  dated  hundreds  of 
Beringian  Steppe Bison  bones.  They 
showed  that  bison  underwent  a 
dramatic  population  decline  about 
30,000 years ago in the lead up to the 
last  glacial  maximum.  Subsequent 
studies  showed  that  bison  also 
underwent a dramatic second decline 
about  10,000-12,000  years  ago, 
hypothesised  to  be  due  to  human 
hunting. 

So,  what  does  the  future  of  aDNA 
research  hold?   While  resurrecting 
extinct  species  and  opening  a 
Pleistocene  Park  where  mammoths 
run amuck is not on the horizon, the 
future is looking very interesting. The 
recent development of next generation 
sequencing  technologies  like  454 

sequencing  have  facilitated  a  rapid 
technological  advance  in  aDNA 
research. For instance, this technology 
has  been used to  find microsatellites 
in the nuclear genomes of the extinct 
New  Zealand  moa,  providing  the 
means  to  examine  in  fine  detail  the 
population  structure  and  genetic 
relatedness  of  extinct  moa 
populations.  Sequencing  the  nuclear 
genomes  of   species  now  also 
possible.  For  example,  scientists  in 
Canada  sequenced  28  million  base 
pairs of nuclear DNA from the woolly 
mammoth,  while  American  scientists 
have announced the completion of the 
draft  mammoth  nuclear  genome. 
Earlier this year, an international team 
based  in  Copenhagen  has  sequenced 
79%  of  the  nuclear  genome  of  an 
ancient  palaeo-eskimo dated  to  4000 
years old from tufts of hair, showing 
the  man  had  thick  dark  hair,  brown 
eyes  and  skin,  shovel  shaped  teeth, 
blood group A, faced a high likelihood 
of going bald and had dry earwax of 
all  things.  Even more recent,  Svante 
Paabo,  who  was  one  of  the  first 
scientists to work on aDNA, and his 
team have recently published the draft 
nuclear  genome  of  the  Neanderthal 
(Homo  neanderthalensis),  which  has 
allowed  in  unprecedented  detail  an 
examination of  how modern humans 
and  our  closest  relative  differ.  It 
shows  that  Neanderthals  and 
anatomically  modern  humans 
interbred,  with  1-4%  of  Europeans 
and Asians,  but  not Africans,  having 
some  Neanderthal  DNA  in  their 
genome. 

However,  one  might  ask  whether 
resurrecting  extinct  species  is  now 
possible,  seeing  as  scientists  have 
managed  to  sequence  the  nuclear 
genomes  of  extinct  species,  and 
ethically whether  we should do it  in 
the first place? The answer is to both 
questions  is  probably  no.  Given  that 
the physical and chemical degradation 
of  DNA  starts  immediately  after 
death, we can never be 100% sure that 
the DNA sequence is correct, despite 
our  best  efforts  and  increasing 
technology. Even though scientists are 
now  able  to  sequence  complete 
genomes, we are very far from being 
able to synthesize sequences that long. 
In the case of mammoths, the genome 

The extinct quagga
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is  about  4  billion  base  pairs.  The 
largest  synthesised  genome  is  about 
1/10  that  size.  Hypothetically,  if 
scientists were able to synthesise large 
genomes, the DNA would have to be 
packaged  into  chromosomes  and  we 
still  have  no  idea  of  the  number  of 
chromosomes extinct species had. The 
other  major  technological  barrier  to 
cloning extinct species is what I term 
the mother offspring effect. In a recent 

article  in  The  Australian  about  re-
creating mammoth haemoglobin, that 
thrust the debate over cloning extinct 
species  back  into  the  public 
consciousness, Alan Cooper said one 
of  the barriers  against  cloning is the 
absence of a  mother.  He was quoted 
as  saying  “There  are  millions  of  
interactions  between  the  developing 
embryo  and  the  mother  involving  
hormones, DNA and proteins, and the  
timing,  concentrations  and  matches  
have  to  be  absolutely  right.  All  you  
need is one step out of those millions  
to  be species-specific  and the whole  
thing  collapses."  While  recently 
extinct  and  endangered  species  like 
the Southeast Asian Bangteng, a form 
of  Ox,  have  been  cloned  across  the 
species barrier, in this case Bangteng 
DNA in a cow embryo fostered by a 
cow  mother,  the  mother-offspring 
effect  will  have  to  be  assessed  on a 
case-by-case basis.

The  other  concerns  against  cloning 
extinct species are ethical. There is no 
point cloning single individuals when 

they would end up in a zoo because 
their  habitat  does not  exist  anymore. 
In  Jurassic  Park,  the  entire 
palaeoecosystem  was  recreated, 
including  extinct  plants,  where 
dinosaur  populations  flourished.  If 
extinct  species  were put  into today’s 
ecosystems, would they be able to eat 
anything,  or  would  the  plants  be 
toxic? Tom Gilbert  of the University 
of  Copenhagen,  who  pioneered 

extracting aDNA from subfossil  hair, 
in  a  recent  National  Geographic 
article  on  mammoths  and  cloning 
extinct species summed up the ethical 
debate quite nicely “If you can do a 
mammoth,  you  can do anything else  
that’s dead, including your grandma.  
But in a world of global warming and  
limited resources for research, do you  
really want to bring back your dead  
grandma”.

Finally,  it  could  be  argued  that  the 
aDNA  field  is  becoming  heavily 
focused  on  the  sequencing  of 
complete genomes of  extinct  species 
to  the  detriment  of  other  areas  of 
enquiry.  I,  however,  think this is  not 
the  case.  Ancient  DNA  research  is 
continuing  to  find  new  sources  of 
aDNA from  sub-fossil  material  that 
open windows into the palaeoecology 
and functioning of extinct ecosystems, 
including  DNA  from  sub-fossil 
feathers  and  eggshell,  previously 
discarded in aDNA studies. Also new 
and  surprising  findings  are  being 
published. German scientists recently 

found  a  new  lineage  of  extinct 
hominin  that  shared  a  common 
ancestor  with  humans  and 
Neanderthals about one million years 
ago,  pointing  towards  a  previously 
unrecognised  dispersal  of  hominins 
out of Africa.  Whether this is  a new 
species  is  open  to  question. 
Mitochondrial  DNA is  only one part 
of  the  story.  Svante  Paabo  and  his 
team  is  sequencing  nuclear  DNA to 
determine  whether  this  is  a  new 
species  of  human  or  the  result  of 
hybridisation.  

From  extracting  small  amounts  of 
aDNA from mummies to sequencing 
the complete nuclear genomes of the 
extinct  mammoths and Neanderthals, 
the progress  of  the aDNA field over 
the  past  30  odd  years  has  been 
astounding. If Mr DNA from Jurassic 
Park  were  giving  this  history  of 
aDNA, I wonder what he would say is 
on the horizon for aDNA research.

Nic Rawlence

OLD NEWS

COL PUTS HIS FOOT DOWN

A number of years back a few of the 
palaeo  society  founding  members 
ventured  off  to  Naracoorte  to  help 
assist  in  excavations  taking  place 
there. Since them many of the current 
members  have  also  encountered  the 
same material, in the sieving, sorting 
and identification pracs of Vertebrate 
Palaeontology 1. The cave of interest 
is 'Komatsu Cave', a cave named for 
the heavy machinery that uncovered it 
during  quarraying  activities  in 
Henchkie's Quarry. When discovered, 
quarrying  ceased  while  the  palaeos 
were  called  and  a  salvage  operation 
commenced.
Among  the  thousands  of  bones 
uncovered from the site were a pair of 
almost complete feet from the iconic 
killer  possum/drop  bear/marsupial 
lion  Thylacoleo  carnifex. Although 
complete  Thylacoleo  specimens have 
been  uncovered  in  the  past  in  the 
appropriately  named  'Thylacoleo 
Caves', this find still provided a lot of 
new information.  This  is  due simply 
to the fact that footbones are difficult 
to deal with, being small and able to 

The dangers of aDNA research.
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articulate  together  in  many 
conceivable  ways.  What  makes  the 
Komatsu specimens so useful  is  that 
they  were  preserved  completely 
articulated.  This  provides  us  with 
solid  evidence  of  how  they  are  put 
together  without  requiring  inference 
or  assumption  on  behalf  of  the 
researchers involved.
The  results  of  this  have  now  been 
studied  in  detail.  The  ankle  appears 
structurally  similar  to  vombatids 
(wombats),  as  well  as  appearing 
somewhat  raised,  drawing 
comparisons  with  chimps.  The 
calcaneus, the largest bone in the foot, 
in  many  ways  defines  much  of  the 
greater  properties of the foot,  and in 
doing so also makes them handy for 
identification  purposes.  This  bone 
shows  the  foot  to  be.  'pigeon-toed', 
which according to the most reliable 
academic  source  (Wikipedia),  means 
the  toes  point  inwards,  and  is  again 
comparable  to  vombatids.  It  also 
describes the foot as capable of axial 
rotation comparable to  Phascolarctos  
cinereus  (koala)  and  Trichosurus 
vulpecula (brushie  possums).  The 
various little nubbly confusing bones 
in  the  centre  of  the  foot  when 
compared to other diprotodontians are 
also comparable to Phascolarctos and 
Trichosurus. 
Its toes consist of four closely aligned 
toes,  (V,  IV,  III,  II),  and  I,  which is 
divergent from the plane of the foot. 
The four in the plane of the foot are 
roughly  similar  in  form,  and 
decreasing  in  size  from  V  (your 
pinkie)  to  II,  while  I  is  the  smallest 
and  entirely  different  in  form.  The 
phalanges (toes and claws) also show 
that some of the toes were able of up 
to  270° of  movement,  and  medial 
phalange  V  was  keeled,  to  provide 
greater strength during high stress. In 
II  and  III  there  were  also  hooded 
sheathing bases, and the curved nature 
of  the  claws  suggest  the   ability  for 
phalanges  V-II  to  penetrate  a 
'compliant substrate' (i.e. sthenurines). 
These  serve  as  greater  attachment 
bases  for  nails,  and  are  somewhat 
comparable to those seen in cats. The 
distal phalanx for the divergent 1st toe 
was  not  recovered.  A  number  of 
measuremts  were  also  taken  to 
measure  ankle  gearing,  which  found 
col  to  fall  between  the  fossorial 

wombats  and  arboreal 
koalas  and  possums, 
following  the  general 
trend  outlined  for 
individual  elements 
above. 
The  greater  morphology, 
based on the structure of 
the  foot  has  also  been 
considered.  Due  to  the 
raised  ankle,  it  was 
thought  that  there  was 
likely to be pads beneath 
the  sesamoids  (don't  ask 
me  where  they  are)  to 
help  support  the  weight. 
The  flex  available  in 
phalanges V to II also has 
been  proposed  to  allow 
for some grasping, though 
opposability  with  digit  I 
was not considered likely. 
This flexion also gives the 
a  curvature  index  similar 
to a number of cat species 
noted as  avid climbers.  It  is  thought 
that  this  digit,  with  it's  short,  robust 
nature  may  have  been  utilised  as  a 
stabliliser,  particularly  on  curved 
surfaces,  although may, when flexed, 
have  articulated  with  the 
aforementioned  foot  pad.  These 
elements were thought to suggest that 
col had significant climbing abilities, 
and  the  ability  to  grasp  some larger 
items,  such as,  'a tree trunk or  large 
branch as in possums or perhaps the 
body trunk of  a  prey  victim.'  (Wells 
et.al.,  2009,  p1339).  When  on  flat 
ground  however,  the  pigeon-toed 
stance  is  likely  to  be  utilised.  They 
have also predicted the ability of col 
to tripod with its tail.  This last point 
may will likely be further tested with 
the  publication  of  further  material 
found at Komatsu including a full tail, 
another  as-yet  described  element  of 
this rad animal.

Sam Arman

Wells, R.T., Murray, P.F., Bourne, S.J., 
2009,  PEDAL  MORPHOLOGY  OF 
THE  MARSUPIAL  LION 
THYLACOLEO CARNIFEX
(DIPROTODONTIA: 
THYLACOLEONIDAE) FROM THE 
PLEISTOCENE  OF  AUSTRALIA, 
Journal  of  Vertebrate  Paleontology, 
vol. 29, no.4, pp1335–1340

PALAEONTOLOGISTS:  WE'VE 
BEEN LOOKING AT DINOSAURS 
UPSIDE-DOWN

In  a  paradigm-shattering  revelation 
that  has  shocked  the  scientific 
community,  paleontologists  from  the 
Utah  Geological  Survey  offered 
definitive  proof  Wednesday  that,  for 
the past 175 years, everyone has been 
looking  at  dinosaur  fossils  upside 
down.  "How they moved,  what  their 
appendages were for, we were wrong 
about  everything,"  said  Dr.  Brian 
Kirch,  explaining  that  new  evidence 
indicates  the  animals  slid  along  on 
what  was  once  believed  to  be  their 
backs. "Basically they scooted around 
by  grabbing  nearby  vines  with  their 
mouths  and  pulling  their  bodies. 
Almost like a snake. What we used to 
think  were  legs  were  actually  big 
flippers that flapped about in the air, 
driving  them  forward.  Incredible." 
Kirch  told  reporters  that  when  you 
think about it,  paleontology makes a 
lot more sense now.

The Onion, February 23, 2010
http://www.theonion.com/articles/pale
ontologists-weve-been-looking-at-
dinosaurs-ups,7100/

  The complete left pes of Thylacoleo carnifex. 

http://www.theonion.com/articles/paleontologists-weve-been-looking-at-dinosaurs-ups,7100/
http://www.theonion.com/articles/paleontologists-weve-been-looking-at-dinosaurs-ups,7100/
http://www.theonion.com/articles/paleontologists-weve-been-looking-at-dinosaurs-ups,7100/
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OZ REX

In this  aDNA issue,  there 
is  a  lot  of  content 
demonstrating  the  scope, 
advancements  and 
prospects  of  research  in 
this field.  As a disclaimer 
though, aDNA researchers 
must  always  answer  that 
'No,  we  cannot   make 
Tyrannosaurous rex.', with 
a  snarl.  Nonetheless,  we 
can still present some new 
information  on  these 
fence-smashing  beasts, 
albeit in the form of boring 
old  bones.  The  discovery 
refers to a pubis, one of the 
bones comprising the hips. 

The bone is  derived from 
the  early  creataceous  of 
Victoria,  where  many 
previous  dinosaur  fossils, 
and  early  mammals  have 
been  found.  Several 
features  of  the bone unite 
it  with  the  Coeleurosauria,  the 
dinosaur  group  comprising  many 
bipedal carnivorous dinosaurs, as well 
as  birds.  Further  features  define  it 
within the tyrannosaurids  but  further 
distinctions and affinities are difficult 
due to the similarity of the pubis in a 
number of related groups, however it 
has  been  distinguished  from  other 
early  creataceous  tyrannosaurids.  At 
this  stage  no  new  species  has  been 
erected for the specimen.

The  geographical  location  of  the 
specimen  is  considered  highly 
significant,  as  Tyrannosaurids  have 
previously  only  been  found  on 
northern  hemisphere  sites.  As  such, 
that  this  specimen  is  distinct  from 
previous  finds  is  understandable,  as 
such a wide range for a single species 
is  unlikely.  This  first  discovery  of 
such a well known group again shows 
that  Australia's  apparent  lack  of 
thunder lizards is unlikely to hold out.

Sam Arman

Benson,  R.B.J.,  Barratt,  P.M.,  Rich, 
T.H.,  Vickers-Rich,  P.,  (2010),  A 
Southern  Tyrant  Reptile,  Science, 
vol.327, p1613

LITTLE DIPPY

Most of us, when we first encountered 
Diprotodon probably had it described 
as  some sort  of  big fat  wombat  like 
thing.   Indeed,  the  species  is  often 
portrayed  as  a  hallmark  for 
megafaunal  gigantism.  The  reasons 
for this are also generally considered 
to be quite well understood, with the 
evolution of the massive nature of the 
species  often  thought  to  be  in 
response  to  aridification  of  Australia 
during  the  quaternary,  and  as  a 
response to poorer quality browse for 
herbivores.  These 
mechanisms  have  been  re-
evaluated  via  a  collection of 
Diprotodon specimens  from 
the Nelson Bay formation on 
Victoria's  southern  coastline. 
In  these,  the  gigantism  of 
Diprotodon has  been 
reassessed  due  to  the 
collection  of  statistically 
significantly  smaller 
individuals.  There  were  no 
other  morphological 
characters  found  to  attribute 
the taxon to a new species. 
As  size  alone  was  not 
considered  to  be  substantial 
enough  to  erect  a  new 

species,  the  specimens  have  been 
referred to as Diprotodon 
?opatum. These  individuals  are 
considered,  due  to  tooth  wear  and 
eruption sequence to mostly represent 
adults (one is a juvenile), but remain 
to fall outside of the normal size range 
of Diprotodon.  Furthermore,  the 
specimens  fall  in  between  the  size 
range  of  regular  dippys,  and 
Euryzygoma  dunense,  the  Pliocoene 
species  thought  to  represent  the 
Diprotodon's  ancestor.  The  locality 
from which the specimens are derived 
is also of  interest  as  it  is  thought  to 
represent an early pleistocene deposit. 
With  this  in  hand,  researchers  have 
also  considered  the  specimens  to 
represent an evolutionary sequence in 
the gigantism of   Diprotodon,  as the 
species  evolved  from  the  pliocene 
Euryzygoma, through the Nelson Bay 
early Pleistocene variety into the giant 
late  Pleistocene  variant  commonly 
known.  The  study  also  considered 
geographical  rather  than  temporal 
variation,  but  could  not  find  any 
theoretical  framework  to  account  for 
such.  In  fact  the  most  widely 
understood  mode  of  geographical 
variation,  Bergmann's  Rule,  when 
applied to the Nelson Bay site would 
predict  a  larger  variant  rather  than a 
smaller one. 

Sam Arman

Price,  G.J.,  Piper,  K.J.,  Gigantism of 
the Australian Diprotodon Owen 1838 
(Marsupialia,  Diprotodontoidea) 
through  the  Pleistocene,  Journal  of  
Quaternary  Science, vol.  24,  no.8, 
pp1029-1038

The new find (NMV P186069) in relation to other  
Tyrannosaurids.

Upper third molar length, showing the Nelson 
Bay dippy, intermediate between Euryzygoma 
and late Pleistocene Diprotodon specimens.
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LIKE  GETTING  BLOOD  FROM 
STONE

An international  team of researchers, 
including  Prof  Alan  Cooper,  Dr 
Jeremy Austin and Ms Laura Watson 
from the Australian Centre for Ancient 
DNA  in  Adelaide,  have  resurrected 
mammoth  haemoglobin,  allowing 
them  to  study  the  biochemical 
functioning  of  a  (prehistorically) 
extinct species for the first time. 

The  processed  involved  PCR 
amplifying  the 
HBA-T2 and  HBB 
gene,  extracted  and 
sequenced  from  a 
genuine  Siberian 
woolly  mammoth 
(Mammuthus 
primigenius),  and 
transplanting  the 
gene into a living E. 
coli culture.  The  E. 
coli began producing 
real  M.  primigenius 
protein for  the first 
time  in  tens  of 
thousands  of  years. 
Although  the 
haemoglobin protein 
was produced by an 
E.  coli cell,  team 
leader  Prof  Kevin 
Campbell says, “It is no different than 
had I gone on a time machine 43,000 
years in to the past and taken a blood 
sample  from  a  living,  breathing 
mammoth.”

For the first time, the researchers were 
able  to  study  the  biochemistry  of  a 
fossil species; an opportunity which is 
not preserved with fossils alone. The 
team  identified  three  key  structural 
changes  to  the  haemoglobin  protein 
which allowed it continue functioning 
at  unusually  low  temperatures,  an 
ability which is not found in regular 
haemoglobin.  The  researchers 
believed this protein could have been 
under strong selection pressures as the 
lineage, which originated in equatorial 
latitudes,  migrated  north  to  a  colder 
climate.  Their  results  supported  this 
idea  and  have  contributed  a  unique 
aspect  to  their  understanding  of  the 
evolution of this lineage.

Those among us waiting for the grand 
opening of “Megafauna Megazoo” are 
told they will have to wait just a little 
longer, as the researchers are quick to 
point out that a single protein is a far 
cry from an entire organism.

James Moore

Campbell, K.L., et al., Substitutions in 
woolly mammoth hemoglobin confer 
biochemical  properties  adaptive  for 
cold  tolerance.  Nat  Genet,  2010. 
42(6): p. 536-540.

University  of  Manitoba.  News 
Release:  New  Life  for  Ancient 
Mammoth  Blood.   2010;  Available 
from: 
http://umanitoba.ca/news/blogs/blog/2
010/05/02/news-release-new-life-for-
ancient-mammoth-blood/.

University  of  Adelaide.  Media 
Release: Resurrected mammoth blood 
very  cool.   2010;  Available  from: 
http://www.adelaide.edu.au/news/new
s39161.html.

University  of  Manitoba.  Mammoth 
blood  protein  brought  back  to  life. 
2010;  Available  from: 
http://www.youtube.com/watch?
v=gUnSZeGLUWU.

Australian  Centre  for  Ancient  DNA. 
Resurrected  mammoth  blood  very 
cool.   2010;  Available  from: 
http://www.youtube.com/watch?
v=YN0Va1F_28A.

HERE BE DRAGONS

Varanids,  the  lizard  group  including 
goannas  and  the  'Komodo  Dragon', 
Varanus komodoensis, have for a log 
time been a source of general interest. 
This  is  principally  due  to  their 
venomous  baby-eating,  generally 
badass  nature,  as  well  as  being  the 
largest  ever  lizards  drawing  some 
comparisons  to  dinosaurs.  The 
evolution  of  larger  sizes  in  varanids 
has  been  a  question  of  considerable 
interest over time. Some authors have 
argued that  in particular  reference to 

V.  komodoensis that 
this  evolution  has 
occurred as a result of 
island  biogeography, 
or as a result of niche 
specialisation  towards 
the  pygmy  elephant 
Stegodon.  Other 
studies  have 
suggested  that  their 
large size is a result of 
'phyletic  gigantism', 
with large size being a 
standard feature of the 
group.  This  is  due  to 
V. komodoensis, along 
with  a  number  of 
other  large  Australian 
varanids including the 
pleistocene  giant 
Megalania  prisca 

being considered to compose a group 
united  in  phylogeny  by  their  large 
size. 
A revision of varanids,  based largely 
on vertebral morphometrics has tested 
these,  as  well  redefining the specific 
morphological  characteristics  of  the 
group from both modern species, and 
those represented in the fossil record. 
This  found  V.  komodoensis to  have 
remained stable over its 900,000 year 
fossil  record  in  Indonesia,  despite 
numerous  major  faunal  changes 
occuring in that time for other species. 
This suggests that any factors inherent 
to it's island existence are unlikely to 
be the driving force in their evolution. 
This leaves either India or Australia as 
the likely venue for the evolution of 
gigantism in this group,  due to their 
palaeogeography, in combination with 
the existance of larger varanids in the 
fossil  record.  Large  indian  varanids 
are very rare in the fossil record. That, 

Unfortunately, we might have to wait a little longer before we can do this  
with a real animal…

http://www.youtube.com/watch?v=YN0Va1F_28A
http://www.youtube.com/watch?v=YN0Va1F_28A
http://www.youtube.com/watch?v=gUnSZeGLUWU
http://www.youtube.com/watch?v=gUnSZeGLUWU
http://www.adelaide.edu.au/news/news39161.html
http://www.adelaide.edu.au/news/news39161.html
http://umanitoba.ca/news/blogs/blog/2010/05/02/news-release-new-life-for-ancient-mammoth-blood/
http://umanitoba.ca/news/blogs/blog/2010/05/02/news-release-new-life-for-ancient-mammoth-blood/
http://umanitoba.ca/news/blogs/blog/2010/05/02/news-release-new-life-for-ancient-mammoth-blood/
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and  relative  similarity  between 
Australian  forms  and  V. 
komodoensis,  suggest  that  the 
species has probably evolved from 
an  Australian  form.  In  particular, 
its  affinities  fall  with  an 
undescribed pliocene specimen, for 
which  it  is  conspecific,  and  with 
Megalania, which is thus relegated 
to  the  slightly  less  cool  Varanus 
prisci. The study also suggests that 
a  futrther  species  of  Varanus,  
intermediate  in  size  between  V. 
prisci,  and  V.  komodoensis  may 
have also evolved in Australia, and 
subsequently spread independently 
into Timor. 

Sam Arman

Hocknull, S.A., Piper, .J., van den 
Burgh, G.D., Due, R.A., Morwood, 
M.J.,  Kurniawan,  I.,  (2009), 
Dragon’s  Paradise  Lost: 
Palaeobiogeography,  Evolution 
and Extinction of the Largest-Ever 
Terrestrial  Lizards  (Varanidae), 
PloS one, vol.4, no.9., pp1-15

FEATURES

THE  MOA'S  NEW  CLOTHES: 
RECONSTRUCTING  THE 
PLUMAGE  OF  THE  EXTINCT 
NEW ZEALAND MOA

In  2006  Jamie  Wood,  then  a  PhD 
student  at  Otago  University,  was 
walking through the semi arid Clutha 
River  gorge  in  Central  Otago,  New 
Zealand. Jamie was on the search for 
rockshelters  that  might  contain 
preserved  moa  coprolites,  the 
fossilised faeces of these extinct giant 
birds.  Walking around a bend in the 
gorge,  Jamie  spotted  what  he  was 
looking  for.  The  rockshelter  was  an 
overhang  of  rock  that  protected  the 
site from the prevailing wind and rain. 
Like characteristic rockshelters of the 
area,  the floor was covered in  sheep 
droppings,  a  good  sign  that  the 
rockshelter may have been suitable for 
moa as well. Excavating through the 
upper  layers,  Jamie  found  the  lower 
pre-Maori  layers  that  indeed 
contained  moa  coprolites,  eggshell, 
feathers  and  clipped  twigs,  all 
characteristic  of  a  nest  deposit.  The 

feathers  looked  remarkably  well 
preserved - like a moa had shed them 
only yesterday.

These isolated feathers are really the 
only  information  palaeontologists 
have  on  what  the  plumage  of  moa 
looked  like.  These  giant  birds, 
measuring up to 2.5 meters high and 
weighing up to  250 kilograms,  went 
extinct  just  after  Polynesians 
colonised New Zealand in about 1280 
AD, due  to  over-hunting and habitat 
destruction. The nine (according to a 
recent  study)  currently  recognised 
species  of  moa  are  mostly  known 
from  their  bones,  but  a  few 
mummified specimens do exist, while 
isolated feathers have been recovered 
from  numerous  Late  Holocene 
rockshelter  deposits.  One  such 
mummified specimen, pertinent to this 
discussion,  was  discovered  around 
1894 by P. McLeod near Gow Burn, 
Central  Otago and is the mummified 
leg on an upland moa (Megalapteryx 
didinus) with feathers attached in situ. 
The feathers were dark brown to black 
at  their  base,  with  the  tips  white, 
indicating  that  this  species  had  a 

speckled  plumage.  The  feathers  also 
reached  right  down  to  the  toes, 
probably  to  protect  against  cold 
climate. 

While  on fieldwork in  New Zealand 
for  my PhD,  I  sampled some of  the 
moa feathers excavated by Jamie from 
various  rockshelter  deposits.  These 
feathers  came  in  two  types:  white 
tipped  feathers  akin  to  those 
previously  attributed  to  upland  moa, 
and  some  feathers  that  were  dark 
brown to black at the base grading to 
tan at the tip. I wanted to answer two 
questions.  First,  could  ancient  DNA 
(aDNA) be extracted from sub-fossil 
feathers?  Ancient  feather  DNA had 
previously  only  been  extracted  from 
historical museum specimens a couple 
of hundred years old, not thousands of 
years old like the moa feathers. 

Second, could aDNA be isolated from 
the  distal  portions  of  feathers? 
Feathers come in three parts, the base 
(or calamus), the shaft (or rachis), and 
the feather barbs. DNA has previously 
been  extracted  from  the  base  only, 
with  the  shaft  and  barbs  thought  to 

Phylogeography and evolution of giant varaids.
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contain no DNA. This is important as 
the base is missing in some sub-fossil 
feathers  due  to  breakage  before  or 
during deposition. 

In  the  aDNA  laboratory  at  the 
Australian  Centre  for  Ancient  DNA, 
Kyle  Armstrong and  I  extracted  and 
amplified aDNA from the base, shaft 
and  barbs  of  these  moa  feathers, 
showing that DNA was present in all 
parts  of  the  feather.  The  results 
showed  that  the  brown  feathers 
belonged  to  four  different  moa 
species:  upland  moa,  heavy-footed 
moa  (Pachyornis  elephantopus), 
South  Island  giant  moa  (Dinornis 
robustus)  and  stout-legged  moa 
(Euryapteryx  curtus).  In  contrast  the 
white  tipped  feathers  belonged  to 
heavy-footed moa, not upland moa as 
previously assumed. 
However, before we could reconstruct 
the  plumage  of  moa,  we  had  to 
determine  whether  the  feathers  had 
faded in colour as this would impact 
whether  we  could  use  them  to 
reconstruct the plumage of moa. It had 
been  generally  assumed  that  the 
colours  of  sub-fossil  moa  feathers 
accurately  reflected  their  original 
appearance  although  historical 
museum  and  subfossil  feathers  are 
prone  to  fading  from  exposure  to 
sunlight. Jamie had excavated red and 
green  feathers  of  the  red-crowned 
parakeet  (Cyanoramphus 
novaezelandiae novaezelandiae) from 
the same layers  as  the moa feathers. 
Because  red-crowned  parakeets  are 
still alive today, we collected modern 
feathers  and  compared  them  to  the 

subfossil  feathers  using  a  digital 
computer  technique.  The  analysis 
showed that there was minimal fading 
between  the  modern  and  sub-fossil 
parakeet  feathers.  We  therefore 
assumed  that  the  colour  of  the  moa 
feathers  had  not  faded  and with this 
information, we could reconstruct the 
plumage.

What we found was quite unexpected: 
There were two kinds of plumage in 
moa.  The  first  was  a  plain  brown 
slightly  streaky  plumage  that  was 
present  in  upland  moa,  heavy-footed 
moa,  stout-legged  moa  and  South 
Island  giant  moa.  The  other  was  a 
speckled  plumage  present  in  heavy-
footed  moa  (and  also  upland  moa). 
The  first  surprise  was  the  extensive 
overlap  in  plumage between species. 
This is potentially due to convergent 
evolution of plumage for camoflague 
against aerial predators like the extinct 
Haast’s  Eagle  (Harpagornis  moorei). 

Haast’s eagle, the top predator in the 
pre-human  New  Zealand  ecosystem, 
was the largest eagle in the world with 
a  wingspan  up  to  2.6  meters  and 
weighing  up  to  15  kilograms. 
Interestingly,  recent  aDNA  research 
by  Mike  Bunce  of  Murdoch 
University  has  shown  that  Haast’s 
Eagle was most closely related to one 
of  the  worlds  smallest  eagles,  the 
Australian  little  eagle  (Aquila  
morphnoides) that weighs a mere 815 
grams. The research suggested that the 
ancestors  of  Haast’s  eagle  arrived  in 
New  Zealand  only  0.7-1.8  million 
years  ago  and  rapidly  increased  in 
size.  Numerous  moa  pelves,  with 
large  talon  puncture  marks  in  them 
attributed to Haast’s eagle, have been 
found in swamp deposits and attest to 
the fact that moa was on the menu.
 
The second surprise was that the same 
species  had  multiple  plumages.  Both 
heavy-footed and upland moa had the 

plain  brown 
slightly  streaky 
and  speckled 
plumage.  It’s 
possible  that 
plumages 
differed 
between 
individuals 
living  in  open 
(eg:  grassland) 
versus  closed 
(eg:  forest) 
habitats,  and 
maybe  also 
between  sexes 
and  maturity 

Figure 2 Reconstruction of what the heavy-footed moa may  
have looked like with speckled plumage.

Figure 1 Characteristic morphology and colour of moa feathers identified from ancient DNA sequences. (a) Feathers  
identified as upland moa, South Island giant moa, stout-legged moa and heavy-footed moa exhibited overlapping  
morphology and colour. (b) White-tipped feather identified as heavy-footed moa.
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stages. This is the subject of ongoing 
research.  Sexual  size  dimorphism  is 
already  known in  moa  and  this  was 
perhaps  accompanied  by  plumage 
differences  as  well.  In  another  ratite 
still  alive,  the  emu  (Dromais  sp.), 
chicks  have  a  striped  plumage  with 
dark and light bands, compared to the 
uniform  grey  to  brown  plumage  of 
adults. 

Like aDNA from sediment, coprolites, 
mummified  tissue,  bones  and 
eggshells,  aDNA  from  feathers 
provides  a  new  genetic  resource  to 
reconstruct  extinct  palaeoecosystems 
and how they functioned.

Nic Rawlence

Rawlence,  N.J.,  Wood,  J.R., 
Armstrong,  K.A.,  Cooper,  A.  2009. 
DNA  content  and  distribution  in 
ancient  feathers  and  potential  to 
reconstruct  the  plumage  of  extinct 
avian taxa.  Proceedings of the Royal  
Society  of  London  Series  B,  276, 
3395-3402.

EGGCELLENT  DNA 
PRESERVATION:  FOSSIL  AVIAN 
EGGSHELL  PROVIDES  AN 
ALTERNATIVE  SOURCE  OF 
ANCIENT DNA

Due to its resilient nature, fossil avian 
eggshells  are  frequently  recovered 
from  deposits  across  the  globe  and 
have been extensively used as a tool 
for radiocarbon dating and as a proxy 
to  study  past  environments  through 
stable  isotope  profiles.  Because  of 
this,  our  recent  publication1 
investigates  the  preservation  of 
ancient  DNA  in  fossil  eggshell 
fragments.  

Eggshell  fragments  were  obtained 
from  three  countries  (Australia, 
Madagascar and New Zealand),  each 
with  varying  climate  conditions.  We 
were really surprised to discover that 
ancient  DNA  is  well  preserved  in 
fossil  eggshells  (Fig  1).  Using  new 
techniques  we  obtained  DNA 
signatures  from  a  variety  of  fossil 
eggshells,  including  the  extinct  moa 
and elephant birds, and 19ka old emu. 
The  successful  recovery  of  ancient 
DNA suggests that the preservation of 
DNA in eggshell is not as affected by 
depositional  conditions  and  therefore 
has major implications in the fields of 
archaeology  and  palaeontology.  To 
date,  the  19  thousand  year  old  emu 
egg  DNA  is  the  oldest  authentic 
ancient  DNA  that  has  ever  been 
recovered  from  Australia. 
Furthermore,  we  were  excited  to 
successfully  retrieve  DNA from  the 
heaviest  bird  to  have  existed,  the 
elephant  bird  Aepyornis (Fig  2),  
which  is  now  extinct,  where  DNA 
from  bone  had  previously  failed.  In 
addition,  DNA  preservation  is  not 
limited  to  thick  eggs,  as  DNA was 
obtained  from  both  thin  (duck)  and 
thick (Aepyornis) eggshell. 

Knowing  that  every  biological 
material  has  DNA  within  it,  we 
investigated how best to isolate DNA 
from  this  novel  substrate.  Avian 
eggshell is a bioceramic, consisting of 
~97% calcium carbonate in the form 
of  calcite.  Therefore  to  isolate  the 
DNA  we  needed  to  decalcify  the 
eggshell  (remove  the  calcium). 
However,  in  many  traditional  DNA 
extraction  methods,  the  decalcified 
solution  is  discarded  as  ‘waste’, 
which in our case would be ultimately 

throwing  the  DNA  bounded  to  the 
eggshell  crystals  away,  or  ‘throwing 
the baby out with the bath water’. We 
believe this is why DNA has not been 
reported for eggshell  before,  because 
the wrong methods have been used in 
the past. In order to release the DNA 
from the matrix, we introduced a 95-
degree  heat  step.  This  heat  step 
remarkably  increased  the  yield  of 
DNA.

Following this outcome, we wanted to 
find out where the DNA was located 
within  the  eggshell,  so  we  could 
determine  the  best  way  to  sample 
these  eggs  for  DNA analysis.  Using 
confocal  imaging  and  a  fluorescent 
dye  that  specifically  binds  to  DNA, 
we  were  able  to  visualise  the  DNA 
within in the eggshell matrix (fig 3). 
In  figure  3,  fluorescently  labelled 
DNA is found on the periphery of the 
calcite crystals. We believe that when 
the egg is being formed,  the cellular 
debris  within  the  oviduct  are  picked 
up  by  the  rotating  egg  and  are 
incorporated  within  the  crystals. 
Furthermore,  we  observed  that  the 
DNA is evenly distributed throughout 
the  eggshell;  therefore  there  is  no 
preference  for  sampling the  inner  or 
outer aspect of the eggshell. However, 
it might be preferential to sample the 
outer aspect when sampling museum-
catalogued specimens. 

In  our  paper,  we  found  that  moa 
eggshell  has  125  times  lower 
microbial  contamination  when 
compared  to  moa  bone.  This 
highlights  eggshell  as  an  attractive 
substrate  for  ancient  DNA  work  – 
especially  whole  genome  studies. 
Recently,  researchers selected hair to 

Figure 2: moa and Aepyornis (elephant bird) eggshell imaged beside each  
other - imaged by Morten Allentoft. 

Figure 1: Collection of moa eggshell-  
image taken by Charlotte Oskam 
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construct  the  mammoth  genome due 
to reduced microbe load. Additionally, 
DNA  isolated  from  the  eggshell 
remains  of  iconic  bird  species  like 
dodo’s  and  the  giant  Haast’s  eagle 
might be promising for future genome 
work. Furthermore,  eggshells  from 
avian  nesting  sites  could  provide  a 
proxy  for  investigating  the  past 
biodiversity  of  many  birds,  not  just 
limited  to  penguins.  In  cold 
environments (Arctic and Antarctic) it 
may  be  possible  to  isolate  DNA of 
much greater antiquity than we report 
in this study.

We  have  been  delighted  with  the 
amount of attention we have received, 
especially  since  a  majority  of  this 
study  is  methodology  based.  Many 
journalists  have  been  fascinated  by 
our  discovery,  with  reports  being 
published in the New Scientist, Nature  
and the  Discovery Channel. We have 
however,  been  asked  on 
numerous  occasions  whether 
DNA  could  be  isolated  from 
dinosaur  eggs.  In  short,  the 
answer is NO! Although it would 
be  extremely  exciting  to  extract 
DNA from a dinosaur egg, I am 
convinced  that  DNA cannot  be 
isolated  from  fossils  that  are 
completely  mineralised  (i.e. 
rock). In our study we report that 
we failed to obtain DNA from the 
extinct  Australian  megafaunal 
bird,  Genyornis eggshells  dated 
up to 50,000 years. Since the last 
dinosaurs  died  out  65  million 
years ago it is safe to say we are 
nowhere  near  approaching  these 
sorts of ages. 

Our  research  team now  plan  to 
use  this  new  technique  to 
investigate how the first humans 
in  New Zealand  interacted  with 
the  ancient  giant  moa,  which 
became  extinct  600  years  ago, 
around  100  years  after  human 
arrival. With the addition of DNA 
profiles to radiocarbon dates and 
stable isotope profiles, this study 
will  help  to  further  investigate 
how these birds were interacting 
with  their  environment.  This 
ongoing  work is  led  by  our 
collaborator  (and  Principal 
investigator in the new Marsden 

funded programme) Chris Jacomb, at 
the University of Otago. 

Charlotte Oskam

Charlotte  is  a  New  Zealand  PhD  
student,  enrolled  at  Murdoch  
University, Perth, conducting most of  
her research at the aDNA lab headed  
by Dr. Mike Bunce.

Oskam,  C.L.;  Haile,  J.;  McLay,  E.; 
Rigby,  P.;  Allentoft,  M.E.;  Olsen, 
M.E.;  Bengtsson,  C.;  Miller,  G.H.; 
Schwenninger,  J-L;  Jacomb,  C.; 
Walter,  R.;  Baynes,  A.;  Dortch,  J.; 
Parker-Pearson,  M.;  Gilbert,  M.T.P.; 
Holdaway,  R.N.;  Willerslev,  E.; 
Bunce, M. 2010. Fossil avian eggshell 
preserves  ancient  DNA.  Proceedings 
of  the  Royal  Society  London B.  doi: 
10.1098/rspb.2009.2019  available 
online March 2010

MOLECULES AND MEGAFAUNA: 
AN  ANCIENT  DNA  STUDY  OF 
THE LAST MOA POPULATIONS

The  giant  ancient  moa  (Aves: 
Dinornithiformes)  of  New  Zealand 
represent one of the extinct taxa that 
truly defines the field of ancient DNA 
(aDNA),  probably  only  exceeded  by 
Mammoth  and  Neanderthal  in  terms 
of  publications  and  attention.  These 
strange  flightless  ratites  have 
marvelled  scientists  for  well  over  a 
century  and  have  been  studied 
intensively with aDNA technology for 
almost  two  decades.  In  addition  to 
being  a  fascinating  taxonomic  group 
comprised  of  nine  species  with  a 
complex evolutionary history, the moa 
offers  an  excellent  opportunity  for 
geneticists to study the past. The last 
moa  bird  was  killed  by  early 
Polynesian  settlers,  within 100 years 
after their arrival to New Zealand in 

the  late  13th century,  so  the 
extinction  event  was  relatively 
recent  compared  to  most  other 
megafauna.  Therefore,  despite 
not  being  preserved  in 
permafrost,  many  recovered 
moa  fossils  display  very  good 
DNA preservation. 

At  the  aDNA  lab  (Murdoch 
University,  Perth)  most  of  our 
present  research  is  centred 
around moa. However, with the 
phylogenetic  relationship  and 
phylogeographic history largely 
established,  we  now  focus 
mainly on other aspects of moa 
biology.  Several  natural  fossil 
deposits in New Zealand display 
an  incredible  concentration  of 
moa  fossils  and  from  some  of 
these  Holocene  sites,  bones 
from  hundreds  of  individuals 
have  been  recovered.  Having 
DNA  from  that  many  fossils, 
preserved in close temporal and 
spatial  proximity,  offers  a  very 
rare  opportunity  to  study  the 
genetics of extinct megafauna at 
the population level.  Our recent 
publication1 shows the potential: 
In  short,  we  visited  three 
different  museum  collections 
and  sampled  almost  300  moa 
individuals  which  had  been 
excavated  from  two  “swamp-

Figure 3: Confocal image displaying the location  
of ancient DNA within the eggshell matrix of the  
extinct New Zealand moa (Dinornis robustus),  
fluorescently labelled with Hoechst dye. - (The  
DNA is the fluorescent hot spots around the outer  
edges of each circular crystal). Imaged by Paul  
Rigby at The Centre of Microscopy,  
Characterisation and Analysis (CMCA),  
University of WA.
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like”  deposits  (Pyramid  Valley  and 
Bell  Hill  Vineyard)  located  only  5.7 
km apart in North Canterbury, South 
Island,  New Zealand.   To make sure 
that each individual was only included 
once  in  the  investigation,  only  left-
tibiotarsi were sampled.

A  comprehensive  radiocarbon 
chronology of more than >170 bones, 
showed that the two sites incorporated 
moa from app. 3500 BP and up until 
their  sudden  extinction.  This 
confirmation of a narrow time frame, 
allowed us to interpret our results in 
the  context  of  populations.  Ancient 
DNA was  extracted  from  the  bones 
with two basic objectives: 

1) To get a secure species ID for all 
individuals.  This  is  not  always 
straightforward  based  only  on 
morphological  characters,  especially 
for  all  the damaged bones and those 
from  juveniles.  To  achieve  this,  we 
targeted  and  sequenced  a  species-
specific  region  in  the  mitochondrial 
genome. 
2)  To  determine  the  sex  of  each 
individual. All birds display a ZZ/ZW 
chromosomal  mechanism  with 
females being the heterogametic sex. 
So we targeted a DNA sequence only 
present  on  the  W-chromosome  and 
recorded a positive signal as a female. 
Admittedly,  these  basic  genetic 

assessments  were  mainly  performed 
as  a  foundation  for  more  advanced 
analyses  of  the genetic  diversity and 
other  information  later  on,  and  we 
never  imagined  that  the  following 
extraordinary patterns would emerge. 
This is what we saw:

A) Despite the two sites sampling the 
same living moa assemblage in space 
and time, the species composition was 
very different. All four moa species of 
North Canterbury were present at both 
sites,  but  their  relative  frequencies 
were completely different.
B) An extreme excess of adult females 
was  documented.  In  fact  the  overall 
sex  ratio  across  both  sites  and  all 
species  was  1:5.1  in  favour  of 
females.  Sex ratios were in all  cases 
significantly  skewed  from  equality 
towards  females.  However, among 
juveniles, the sex ratios proved to be 
balanced.
And now for the biggest mystery...
C) The sex ratios differed significantly 
between the two sites, with a 1:2.2 at 
Bell  Hill  Vineyard  but  an  incredible 
1:14.2 at Pyramid Valley.
Now, we are not talking questionable 
borderline  P-values here,  but  distinct 
signals  established  with  high 
statistical  significance  on  a  large 
dataset. This was the setup, and these 
were  the  results,  now  for  the  tricky 
part  –  the  interpretation.  The  data 

represented a brilliant example 
of  the  challenges  offered  to 
any  scientist  working  with 
extinct animals. We had some 
clear-cut results that somehow 
had  to  be  explained  by  moa 
biology,  but  we  were  simply 
600 years  late  to  retrieve  any 
observations  of  the  life  and 
behaviour  around  those 
swamps  (although  one 
persistent  hotel  owner  in  the 
Arthurs Pass region still  takes 
Japanese tourists out to search 
for  the  famous  moa...).  What 
caused all the moa females to 
die here and why did the Giant 
moa  (Dinornis  robustus) 
“prefer”  to  die  at  Pyramid 
Valley  while the Stout  legged 
moa (Euryapteryx curtus) most 
frequently expired in the sticky 
Bell Hill sediments less than 6 
km away? These were some of 
the  questions  we  struggled  to 

answer.
Because  of  an  excellent  museum 
record going all the way back to the 
early  excavations  in  the  1930s,  we 
could  dismiss  the  idea  of  curatorial 
biases  (e.g.  museum  exchange) 
causing the skewed patterns. Also, the 
idea  that  the  females  got  stuck  and 
died  in  the  sediments,  because  they 
were  much  larger  and  heavier  than 
males (see figure), was rejected by the 
simple observation that the largest and 
smallest  moa  species  were  found  in 
equal  proportions  at  both  sites.  This 
left  us  with  a  couple  of  possible 
scenarios that we discuss in the paper. 

Firstly,  despite being largely covered 
in  forest  in  the  late  Holocene,  it  is 
seems  likely  that  the  habitats 
surrounding  a  small  spring-fed  bog 
(Bell Hill Vineyard) and a 1.5 ha open 
lake (Pyramid Valley) were different. 
This  could  have  caused  different 
behavioural response between the four 
species of moa (attraction/avoidance). 
So really, what we are recording here 
is  fine  scale  ecological  niche 
partitioning. 

Secondly,  the  sex  ratios  were  not 
skewed  in  the  juveniles,  suggesting 
that the imbalance arose as the birds 
matured. Adult males died earlier than 
adult  females.  Many  bird  species 

A Dane with the largest moa bone ever found: A 99 cm lower leg bone (tibiotarsus)  
from a female of the South Island giant moa (Dinornis robustus), excavated from 
Glenmark Swamp in 1869.
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show  an  excess  of  males  because 
females  are  excluded  from  the  best 
habitat  and  have  higher  metabolic 
demands.  However,  like some extant 
ratites  (for  example  the  cassowary) 
moa probably had reversed sex roles 
with  dominant  females  and  paternal 
egg incubation. This idea of dominant 
females  seems  very  reasonable, 
knowing that moa exhibited the most 
extreme  reverse  sexual  size-
dimorphism  ever  recorded  for  a 
vertebrate. Therefore, we suggest that 
it was indeed quite tough to be a male 
moa, explaining at  least  some of the 
observed  sex  ratio  skew.  This  idea 
gave rise to the following headline in 
the  New  Zealand  Herald:  “Momma 
moa!  The  boys  were  given  such  a 
bullying”
Lastly, we suggest that females were 
territorial  around 
valuable  water 
resources  and  the 
surrounding highly 
productive  edge 
habitat. Hence, the 
chance of a female 
getting 
incorporated  into 
the  deposits  was 
higher.  We  think 
this  explains  the 
extreme  sex  skew 
observed  at   the 
Pyramid  Valley 
lake (1:14.2) while 
the small spring at 
Bell  Hill  were 
probably recording 
a  more  accurate 
image  of  the  true 
sex  ratio  in  the 
populations 
(1:2.2). 
This was the story 
and these were the 
interpretations.  We 
might  be 
completely  right, 
partly  right  or 
completely  wrong, 
and if any of the honourable readers 
of BEER'N'BONES can come up with 
other  plausible  explanations,  we 
would be keen to hear them. We are 
currently working on developing new 
genetic  tools  (i.e.  microsatellite 
markers)  to  further  study  New 
Zealand’s last moa populations and in 

time  we  may  be  able  to  confirm  or 
reject some of the hypotheses outlined 
here.  Also,  an  ongoing  investigation 
of stable isotope signatures led by our 
collaborator  (and  principal 
investigator  in  this  Marsden  funded 
programme),  Richard  Holdaway 
(www.palaecolresearch.co.nz)  will 
assess  the level  of  niche partitioning 
between  different  moa  species  and 
between the two genders.  
  
Morten Allentoft

Morten  is  a  Danish  PhD  student,  
enrolled at  Canterbury University  in  
Christchurch, New Zealand but he is  
conducting most of his research at the  
aDNA lab at  Murdoch University  in  
Perth

Allentoft, M.E.; Bunce, M.; Scofield, 
R.P.;  Hale,  M.L.;  Holdaway,  R.N. 
2010.  Highly  skewed  sex  ratios  and 
biased  fossil  deposition  of  moa: 
ancient DNA provides new insight on 
New  Zealand's  extinct  megafauna. 
Quaternary science reviews 29:  753-
762. 

MEGAFAUNAL  LATRINES:  A 
ROSETTA  STONE  FOR 
RECONSTRUCTING MOA DIET

On  a  cool,  crisp  winter  morning,  a 
team  of  scientists  from  Otago 
Museum, University of Otago and the 
Department  of  Conservation  are 
travelling  by  jet  boat  from 
Queenstown  up  Lake  Wakatipu  and 
the  Dart  River  in  southern  New 
Zealand.  Their  destination is Daley’s 
Flat  in  the  upper  reaches  of  the  U-
shaped  valley  carved  out  of  the 
Southern Alps by glaciers during the 
last  ice  age.  Moa  bones  had  been 
discovered by campers on the side of 
a rockfall and brought to the attention 
of  the  Department  of  Conservation 
and Otago Museum. Arriving at base 
camp, the team made the short hike to 

the rockfall.  The forest 
floor  was  carpeted  by 
thick mosses beneath a 
canopy  of  southern 
beech  forest, 
interspersed  between 
boulders the size of two 
storey  houses.  It  was 
under  these  boulders 
that the moa bones had 
been  discovered. 
Fanning  out  in  search 
of  subfossil  deposits, 
the  team  made  an 
unexpected  discovery. 
In  a  cool  dry  cave 
underneath  one  of  the 
boulders  they  found  a 
large  pile  of  moa 
coprolites, the fossilised 
faeces  of  these  extinct 
giant birds.

Since  the  late  1800s, 
moa  coprolites  have 
been found sporadically 
in  caves  and 
rockshelters  throughout 
the  region.  Atholl 
Anderson,  who  has 
examined the extinction 

of  moa  in  New  Zealand,  recalls 
hundreds  of  moa  coprolites  once 
excavated  from  a  Central  Otago 
rockshelter;  enough  to  fill  several 
Hessian sacks, which have sadly been 
thrown  out  with  the  garbage. 
However,  despite  this,  very  little  is 
known  about  moa  diet.  Moa  were 

Extreme reverse sexual size dimorphism in the South Island giant moa  
(Dinornis robustus). The large females were up 150% taller and 250% 
heavier than the males. The skeleton of a pigeon is shown for size  
comparison. Image from Allentoft et al. (2010).
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originally  thought  to  be  grassland 
grazers; the ratite equivalent of cows 
and  sheep.  But  preserved  gizzard 
contents excavated from swamps, and 
analysed  in  the  early  1980s, 
suggested that some moa genera were 
predominantly browsers of trees and 
shrubs.  Unfortunately,  gizzards  are 
probably biased towards wetland and 
lowland  forest  habitats  or  foliage 
within reach of mired birds.

Jamie  Wood,  then a  PhD student  at 
the University  of  Otago and  one  of 
the original scientists on the Daley’s 
Flat  expedition,  excavated  more 
rockshelters  throughout  Central 
Otago,  finding  in  total  nearly  2000 
avian coprolites. This sample allowed 
an  unprecedented  insight,  a  Rosetta 
Stone  if  you  will,  into  moa  diet. 
Using  the  latest  ancient  DNA 
(aDNA)  and  classical 
palaeontological  techniques,  Jamie 
and I teamed up to reconstruct the diet 
of  moa  from  these  coprolites  by 
identifying  the  plant  macrofossils 
within  them,  and  assigning  species 
identifications to the coprolites. At the 
Australian  Centre  for  Ancient  DNA, 
we  extracted  and  amplified  aDNA 
from  numerous  coprolites  from 
Daley’s Flat and Central Otago, which 
we  found  belonged  to  four  species: 
upland  moa  (Megalapteryx  didinus), 
heavy-footed  moa  (Pachyornis 
elephantopus), South Island giant moa 
(Dinornis  robustus)  and  stout-legged 
moa  (Euryapteryx  curtus).  With  the 
plant  macrofossil  data  (consisting 
predominantly  of  seeds  and  leaf 
cuticle)  and  the  species 
identifications, it was now possible to 
reconstruct  the  feeding  ecology  of 
moa. What we found surprised us all 
and forced a rethink of what scientists 
knew about moa diet. 

For such large birds, up to 2.5 meters 
in  height  and  weighing  up  to  250 
kilograms,  over  half  the  plants 
identified in the coprolites  grow less 
than  30  centimetres  in  height, 
suggesting  that  moa  were 
predominantly  grazers  of  low  herbs 
and shrubs. This was in direct contrast 
to  the  view  of  moa  as  browsers  of 
trees  and  shrubs  based  on  gizzard 
content analyses. With extreme sexual 
dimorphism in some moa species (e.g. 

South  Island  giant  moa,  where 
females were up to 280% heavier and 
up  to  150%  taller  than  males),  it’s 
probable  that  there  were  dietary 
differences between sexes. For South 
Island  giant  moa,  the  gizzards  are 
almost  exclusively  from  females, 
while  plant  macrofossils  from 
coprolites  may  represent  the  diet  of 
males. 

The  other  big  surprise  was  the 
extensive  overlap  in  dietary 
preferences  between  the  species 
analysed,  in  contrast  to  the  variable 
skull  and  bill  morphology  that 
suggests  the  different  moa  species 
were partitioned into different dietary 
niches.  However,  with  the  available 
material,  we  could  not  resolve 
whether  some  moa  species  were 
feeding  preferentially  on  fruit,  and 
another species on leaves and twigs. 

The dietary reconstructions also offer 
insights into two long running debates 
within New Zealand. The first  is  the 
moa-browsing  versus  climate debate. 
Several  phylogenetically  unrelated 
species  in  the  New  Zealand  flora 
exhibit  unusual  plant  growth 
characteristics  including  divarication, 
heteroblasty, photosynthetic stems and 
high fibre content. Divarication refers 
to  the  branching  angle  of  stems,  in 
this case greater than or  equal  to 90 
degrees,  which  creates  a  wiry  bushy 

plant  with  leaves  protected  on  the 
inside. Heteroblasty refers to different 
juvenile  and  adult  growth  forms. 
These  growth  forms  have  been 
hypothesised to be adaptations against 
moa browsing or responses to the cold 
climate of Pleistocene glacial periods. 
The  diet  of  moa  reconstructed  from 
the  coprolites  and  gizzards  contains 
plant  taxa  representing  at  least  eight 
different  growth  forms  previously 
hypothesised to have proliferated as a 
response  to  moa  browsing,  lending 
support  to  the  moa  browsing 
hypothesis.  This  idea  has  gained 
substantial  support  in  recent  years 
with these characteristic growth forms 
also being reported as widespread in 
the flora of another island where large 
herbivorous  birds  were  present; 
Madagascar. Also, it has been shown 
that  on  islands  lacking  large  birds, 
such  as  the  Chatham  Islands  800 
kilometres  east  of  New  Zealand, 
plants  appear  to  be  losing  these 
growth characteristics.
 
The  second  debate,  which  has 
implications  for  Pleistocene  re-
wilding,  is  whether  exotic  ungulates 
(deer  and  goats)  are  surrogates  of 
moa.  The  results  showed  that  there 
was no overlap in diet  between moa 
and  ungulates,  with  moa  diet 
including a high proportion of plants 
avoided  by  ungulates  including 
several  that  are  potentially  toxic  to 

Figure 1: Morphology of coprolites from three moa species identified from an  
ancient DNA analysis. A-C, heavy-footed moa; D-H, upland moa; I-T, South  
Island giant moa. 
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mammals.  Subsequent  studies  have 
backed up this premise.  The same is 
true  when  comparing  moa  diet  to 
ostriches,  emus  and  cassowaries. 
While some similarities exist, overall 
other  ratites  have  very  different 
feeding ecologies to moa, raising the 
question of how many proxy species 
for  Pleistocene  rewilding  would 
actually be valid. 

The range and size  of  the coprolites 
that  Jamie  Wood  and  others  have 
discovered suggests that other extinct 
species  might  be  represented 
including  the  extinct  giant  goose 
(Cnemiornis  sp.),  adzebill  (Aptornis 
sp.)  and  finsch’s  duck  (Cheonetta 
finschi),  providing  a  window to  into 
how  the  pre-human  New  Zealand 
ecosystem functioned.

Nic Rawlence

Wood,  J.R.,  Rawlence,  N.J.,  Cooper, 
A., Rogers, G.M., Austin, J.J., Worthy, 
T.H.  2008.  Coprolite  deposits  reveal 
the  diet  and  ecology  of  the  extinct 
New  Zealand  megaherbivore  moa 
(Aves,  Dinornithiformes). 
Quaternary  Science  Reviews,  27, 
2593-2602.

INTERVIEW:
MIKE BUNCE

What do you look for in a site for 
potential DNA extraction?
Well  that's  a  bit  of  a  circular 
argument, because we look for DNA 
preservation across the board, and this 
can  be  highly  variable  from  site  to 
site.  It  depends  on  whether  things 
have  been  exposed  to  sunlight, 
whether  there  are  temperature 
fluctuations,  so  there  are  massive 
amounts  of  variation.  The  big  killer 
when you are talking about long term 
DNA  preservation  is  temperature 
fluctuations  and  humidity,  so  that 
often  takes  us  to  things  like  buried 
bones,  which  are  buffered  from 
temperature  fluctuations  by  the 
surrounding  soil,  and  of  course  into 
caves. So these are our go-to sites. If 
you want a really good site for DNA 
preservation  of  course   you  go  into 
frozen  materials;  permafrost  and 
arctic ice cores etc.

Why  are  temperature  fluctuations 
so bad for DNA preservation?
OK well the two main forms of DNA 
damage  come  from  hydrolytic  and 
oxidative mechanisms. That's  oxygen 
and  water  getting  in  there  and 
breaking the DNA helix. Temperature 

and humidity are playing around with 
the  levels  of  oxygen  and  water  in 
many  environments  and  the 
temperature of course catalyses those 
processes.  So  high  temperatures  and 
the presence of water can really start 
shearing  the  DNA into  lots  of  little 
pieces that makes recovering it  more 
technically challenging.

Yours and other labs have focused a 
lot on moa research. Is this related 
to  their  age,  preservation,  sheer 
awesomeness or something else?
It's a bit of all of the above actually, 
and  being  from  New  Zealand 
originally I've got an active interest in 
New  Zealand  megafauna.  New 
Zealand  is  a  very  different  place  to 
study evolutionary processes because 
it  had  no  terrestrial  mammals  apart 
from a couple of species of bat so I've 
always been interested in moa.  They 
are  one  of  the  first  organisms  to 
feature  in  ancient  DNA literature  so 
they have got quite a long history in 
that realm. It's also related to the fact 
that  it  is  quite  a  recent  extinction. 
Humans only arrived in New Zealand 
700 years or so ago, when Polynesians 
arrived, and the moa were then wiped 
out  in about a  200 year  window. So 
their  remains  are  all  over  the  place, 
found both in archaeological middens 

Figure 2: Similarity in plant taxa eaten by moa species at Daley’s Flat and difference with those eaten by exotic  
ungulates. For moa: dark grey, plant taxa eaten by moa; white, plant taxa not eaten by moa. For exotic ungulates:  
dark grey, plant taxa preferred by ungulates; medium grey, plants recorded as being eaten by ungulates; light grey,  
plant taxa avoided by ungulates.
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and  also  in  quite  a  few 
palaeontological sites. New Zealand is 
also  quite  a  cool  place  relative  to 
Australia, so we get really good DNA 
preservation,  so  we  can  do  much 
much more with the DNA.

And what sorts of information can 
you extract from aDNA?
That  really  depends on what  species 
you are looking at and what questions 
you're  looking  at.  Ancient  DNA  is 
quite  an adaptable  technology.  Some 
of  the  questions  we  have  looked  at 
vary a lot. I've looked at the evolution 
of  HIV through isolating DNA from 
fossil viruses. These are viruses from 
tissue  samples  taken  in  the  50's  and 
60's  from  the  Congo.  I've  looked  at 
DNA from ice cores that are hundreds 
of  thousands  of  years  old to  look at 
what  insects  and  plants  used  to  be 
living there. We've looked at trying to 
sex moa bones to figure out whether 
they  weren't  actually  infact  different 
species,  that  they  were  male  and 
female  of  the  same  species.  We're 
trying  to  look  at  evolutionary 
relationships  by  isolating  DNA from 
things like giant  eagles to see where 
they fit into the family tree of eagles, 
and  found  that  they  are  actually 
related  to  the  smallest  eagles  on the 
planet.  It's  all  about  evolutionary 
processes  and  even  extending  into 
things  like  conservation  biology.  If 
something is extinct on an island and 
you want  to  replace  something back 
there it pays to get the genetics right. 
If you can look at the fossil bones, and 
replace  it  with  something  that  is 
genetically similar to what used to be 
there then you're doing a better job in 
terms of restoration. So there's just a 
couple of examples of applications of 
this sort of technology.

Does  this  information  often  get 
incorporated  with  other  data,  for 
instance  with  modern  DNA  or 
morphology?
Certainly,  and that's  the power of  it. 
Most  palaeontological,  and  even 
arcaheological  or  conservation 
biology projects use multidisciplinary 
approaches. It's not just modern DNA 
or ancient DNA, it's things like stable 
isotopes  and  morphology  and 
understanding  environmental 
conditions  and  how  they  have 

changed over time and intererrelating 
that with geological processes. 
If  you're  looking  at  island-mainland 
geography,  you  need  to  know  when 
that  island was last  connected to the 
mainland.  Looking  at  the  genetic 
patterns in concert with all these other 
strings  of  evidence,  so  the 
multidisciplinary  aspect  of  ancient 
DNA  is  something  that  certainly 
appeals to me, and it's really the only 
way to do palaeontological science; to 
take into account all  of  the different 
threads of evidence that are available.

Ancient  DNA  research  has  been 
developing  a  lot  recently.  Do  you 
think  that  this  is  largely  due  to 
advances  in  technology,  or  is 
interest in the field growing?
It relates almost primarily to advances 
in  DNA sequencing  technology.  So 
the  previous  way  of  getting  ancient 
DNA from  something  was  that  you 
isolate DNA from it and then you sort 
of photocopy up a very small section 
of that. That would contrast to modern 
DNA analysis where big stretches of 
DNA are able to be isolated. The new 
technology  that  has  come  along  is 
referred  to  as  high  throughput 
sequencing.  High  throughput 
sequencing  which  is  a  way  of 
avoiding that targeted approach where 
you just photocopy up one tiny piece 
of  DNA.  Instead,  you  just  sequence 
everything  randomly  and  that  being 
the case you end up getting loads and 

loads of DNA data, and then suddenly 
you're just trying to put together this 
billion piece jigsaw puzzle. It has sort 
of  changed  away  from  a  targeted 
approach where you are amplifying up 
a  specific  region,  into  this  generic 
shotgun approach where you can just 
sequence everything and try and pull 
out  the  bits  that  you  think  are 
interesting.

Suddenly  gluing  a  skull  together 
doesn't seem so hard.
That's  right,  and  this  sort  of 
technology has been used extensively 
for things like the mammoth genome 
and the neanderthal  genome. My lab 
has  been  interested  in  running  some 
moa  bones  through  this  high 
thrpoughput sequencing technique. In 
a bid to try to find some more DNA 
markers  that  we  can  use  to  look  at 
population  genetics,  which  is 
something  my  phd  student  Morten 
Allentoft is interested in looking into.

Do  you  think  there  are  still 
significant  technological  challenges 
to be met?
Certainly, DNA extraction is still  the 
key. Ancient DNA is a numbers game, 
and  you  need  to  have  good  quality 
DNA.  The  other  technological 
advance  is  making  sure  you're  not 
amplifying a whole pile of junk that 
you  co-purify  with  your  DNA.  By 
junk  I  mean  that  when  you  have  a 
bone sitting in the ground, something 
has  eaten  all  of  the  meat  that 
surrounded  that  bone.  And  the 
bacteria  and  fungi  have  got  through 
that  material  to  eat  out  every  single 
last  drop of  edible material  in  there. 
Now  some  of  the  DNA  of  course 
survives within the bone cavity, where 
it is encapsulated by bone. But you've 
also  got  the  remnants  of  all  the 
bacteria and fungi that used to live in 
there that may have died, so when you 
do shotgun sequencing appoaches you 
end up more often than not over 50% 
of  your  DNA is  not  from  the  bone 
from the organism, it's  from bacteria 
and fungi that have eaten the bone in 
the post-mortem environment. One of 
the  technical  challenges  is  finding  a 
substrate that is not completely loaded 
with  bacteria  and  fungi.  Micro-
organisms  are  a  huge  problem.  The 
technological advances come from 1, 

Buncey with a fellow New Zealander
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maximising  your  DNA extraction,  2 
picking  your  substrate  where  you've 
got low levels of bacterial and fungal 
DNA relative  to  endogenous  DNA. 
We spend a  lot  of  time focusing  on 
what  samples  are  the  best,  the  best 
DNA preservation, the lowest level of 
bacterial DNA,  and that's why we're 
pretty  excited  about  some  recent 
research we have put out showing that 
we  can  get  DNA  out  of  fossil 
eggshell, and one of the huge benefits 
of  that,  and  that  is  a  characteristic 
which is shared by hair samples that 
are  preserved  DNA samples  is  that 
there are low levels  of  bacterial  and 
fungal DNA in there, which makes it a 
better candidate for higher throughput 
sequencing approaches.

I  guess  that is  also something that 
will be improved once you start to 
have  more   genomes  published  so 
you know what DNA is theirs.
That's  exactly  right,  and  that  is  the 
problem we are facing with the moa 
research, where we don't have a ratite 
genome,  so  that's  things  like, 
cassowaries,  rheas,  ostriches  and 
emus. We've got nothing to compare it 
to, so it's very hard to do a synthesis 
of  a  geneome  from  a  shotgun 
sequencing approach when you've got 
no scaffold to  assemble it  on. When 
they  did  the  mammoth  they  had  the 
elephant  genome  to  assemble  it  on, 
and  when  they  did  the  neanderthal 
they  had  the  human  genome  to 
assemble it on. So the moment we get 
a ratite genome we've got quite a bit 
of  high  throughput  sequence  data 
from moa that we can load up on top 
of  that.  At  the  moment  we can't  tell 
what's moa. We have some candidates 
of course that we can identify as bird 
DNA but we certainly can't go about 
assembling  a  genome of  this  extinct 
species at the moment, it needs to be 
done first on a modern analogue.

As this technology increases, do you 
think  aDNA  will  force  us  to 
reconsider  current  standards  of 
biology, for instance do you think it 
is warranted yet to have a holotype 
consisting of a fragment of DNA?
That's  a  tough question.  I  think  that 
that  is  certainly possible.  I  think we 
may end up only having some species 
described by DNA sequences, which I 

think  is  incredibly  problematic 
because,  as  I  said  before,  biology is 
multidisciplinary,  and  I  don't  feel 
particularly  comfortable  finding  a 
DNA sequence  that  has  never  been 
described  before,  without  doing  the 
associated   morphology  with  it.  An 
example  of  that  was  published  in 
Nature just last week, where they had 
a bone from a cave in central Russia 
and they have got new human DNA 
mitochondrial  genome  for  it.  The 
DNA has come form a very isolated 
bone  element;  there  are  no  skulls 
associated with it, and now we've got 
a  DNA sequence  that  looks  like  its 
within  the  Homo  lineage,  but  it's 
outside  neanderthals  and  humans.  A 
remarkable  discovery,  but  we  don't 
have the morphology to back it up. I 
say  that  we  don't  have  it  yet,  and 
sometimes the morphology may catch 
up with it as we excavate more areas 
based  on  interesting  genetics  that 
come out of it. In the same way that 
fossil  discoveries  have  led  to  DNA 
discoveries  from those  fossils,  DNA 
samples  may  lead  to  sites  that  are 
more  interesting  from  a 
palaeontological  or  archaeological 
perspective.

Do you  think  that  aDNA research 
had met its limits in terms of ages of 
specimens which can return usable 
DNA?
No, I don't think it has yet, there are 
quite  a  few gains to be made and it 
relates  to  this  high  three-point 
sequencing  technology.  Ultimately 
there  is  DNA  preserved  in  some 
fossils that are very very old, the issue 
is that it gets so small that it's hard to 
characterise.  So for instance say you 
had  some  charismatic  Australian 
megafaunal  fossil  it  may  only  have 
twenty  base  pairs  of  DNA 
preservation,  that  means  that  on 
average, every 20 base pairs there will 
be  a  strand  break.  Now,  trying  to 
isolate  that  DNA  using  traditional 
mechnisms of amplifying it up simply 
won't  work,  but  high  throughput 
sequencing may allow us to try to put 
together  this  jigsaw  in  20  base  pair 
stretches.  That  is  a  possibility  down 
the track, and certainly older DNA in 
the context of Australia will be done 
in the future, it's just finding the right 
fossils to work on and the right sites 

where  there  is  even  any  DNA 
preservation.  Of  course  you're  going 
to  find  some  sites  where  there  isn't 
any DNA preservation whatsoever. So 
that  is really the technical  challenge; 
finding  some  DNA preservation  and 
then  using  a  combination  of  old 
technology and new high throughput 
sequencing technology to try to get a 
handle on what's going on there.

Interview by Sam Arman

FEATURE FOSSIL 6
Mammuthus primigenius
Blumenbach, 1799

Even  before  the  'Ice  Age'  films, 
mammoths  have  been  up  there  with 
dinosaurs  as  the  most  easily 
recognisable prehistoric animals. Part 
of  this  is  due  to  anthropocentric 
interests,  and  the  interrelated  history 
of our own species with Mammuthus. 
What else has provided such interest 
is  the  huge  amount  of  information 
known on this species, much of which 
has  been  provided  by  a  number  of 
'mummified' fossils, where soft tissue 
has  been  preserved.  Mummified 
mammals have been of great interest 
to a range of palaeos for a number of 
reasons,  and  for  this  have  been 
described  as  the  'Crown  Jewels' 
(Harington,  2007,  p3197)  of  tertiary 
science.  At  least  16  species  of 
northern hemisphere megafauna have 
been  mummified,  including  woolly 
rhinos, sloths and giant moose. These 
are  frozen  in  permafrost  and  are 
generally found from deposits in two 
periods;  50-25  and  15-10ka,  which 
line  up  with warmer  glacial  periods, 
when  more  water  was  available, 
allowing freezing sediments to cover 
carcasses shortly after death. As well 
as  the  classic  permafrost  examples, 
some  have  also  been  found  in  cool, 
dry caves, as well as 'pickled' in salty 
groundwater.  

The  particular  Feature  Fossil  of 
interest  is  known  as  the  Berezovka 
Mammoth, one of the first mummified 
fossils  to gain public  interest.  It  was 
found  around  1900  by  a  group  of 
Lamut  or  Evens  (literally  'oceans') 
people  along  the  Berezovka  river  in 
Siberia.  It  was  one  of  the  first 
mammoths  discovered  under  these 
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exceptional  conditions,  and  was 
hugely  popular,  touring  Europe  and 
raising  public  awareness  of  tertiary 
palaeontology.

Even  before  aDNA,  mammoth 
deposits  in  Siberia  had  been  of 
interest  to  molecular  biologists.  In 
1980, collagen was recovered from a 
mammoth dated at 40ka. Even at this 
early stage, the researchers recognised 
the potential for recovering phylogeny 
from  such  excellently  preserved 
materials.  Hair  recovered  from 
Bol'shoy Lyakhovsky Island, north of 
Siberia,  has  also  yielded  useful 
information. By analysing the carbon 
and  nitrogen  isotope  ratios,  the diets 
of  mammoths,  and  by  proxy  some 
elements  of  their  local  ecosystems 
have  been  recovered.  The  signals 
showed  a  number  of  scales  of 
oscillations  that  were  inferred  to 
reflect  seasonality,  and  inferred  that 
during  the  cold  winter  the  richer 
herbaceous plants were supplemented 
by  woody  plants  and  mosses. 
Interestingly  individual  hair  growth 
remained  constant  throughout  the 
year,  as  opposed  to  seasonal  growth 
that  was  expected.  They  were  even 
able to ascertain that one of the four 
individuals died during autumn on the 
basis of changes in the isotope ratios 
that reflected the end of summer. The 
study suggested  that  further  hairs  be 
analysed  from  other  regions  to 
compare  the  results.  This  will  likely 
present  an  issue  though,  since  such 
preservation  will  only  occur  under 
certain conditions.

Dietary  information 
has  also  been 
attained  from 
another  mammoth 
frozen  in  northern 
Russia's permafrost. 
This  is  in  the  form 
of  fossilised  dung, 
preserved  in  the 
lower  intestine  of 
the  22.5   ka 
Yukagir  mammoth, 
discovered in 2002. 
The analysis  of  the 
dung found a range 
of  plants,  including 
fruits  leaves  and 
grasses,  and  was 
dominated by dwarf 

willow  twigs,  although  it  was 
recognised  that  this  analysis  may be 
biased  by  what  materials  are  better 
preserved within the gut. A number of 
species were able to be identified on 
the analysis of their preserved aDNA, 
as well as by morphology. Overall it 
was  thought  that  the 
palaeoenvironment  consisted  of  a 
water rich, cold treeless environment, 
as  has  been  suggested  by  previous 
authors as the 'mammoth steppe'. The 
analysis  also 
revealed  dung 
inhabiting  fungi, 
suggesting  that 
mammoths  may 
have  been 
coprophagic. 
This behaviour is 
considered  to  be 
a  useful  strategy 
in  nutrient 
cycling,  and  is 
seen  in  many 
other  herbivores 
including 
elephants. 
Further  analysis 
of  this  specimen 
also  revealed 
some  abnormal 
bone  growth  in 
it's  thoracic 
vertebra,  which 
was suggested to 
indicate  an 
autoimmune 
reaction 
elsewhere  in  the 
body,  but  the 

stage  of  growth  suggested  that  this 
occurred  earlier  in  life  and  did  not 
contribute to the animals demise. 

Information  on  the  interaction 
between mammoths and humans has 
been  gained  from a  number  of  sites 
based  around  Yudinovo  in  eastern 
Russia. These sites, dated at between 
12 and 16 ka contained huge numbers 
of mammoth bone material, as well as 
more  than  80,000  human  artefacts 
including over 15,000 flint tools. The 
array of material was focused around 
a central region, and were thought to 
represent  areas  for  processing 
mammoth material, with distinct sites 
for  different  tasks,  such  as  flint  tool 
production  and  ivory  processing. 
Mammoths  at  this  site  produced  an 
MNI  (minimum  number  of 
individuals)  of  63  (24.2%  of  total), 
second only to the arctic fox  Alopex 
lagopus which  had  an  MNI  of  173 
(66.5%), and was considered to have 
been used for their fur and for food. In 
one  ivory  processing  area  over  300 
ivory flakes and five ivory cores were 
found over 2.5m2. A range of tools and 
ornaments were also found, including 
pieces  of  engraved  mammoth  bone. 

The Yukagir mammoth and some of it's stomach contents.

The Berezovka mammoth upon discovery.
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An  extensive  taphonomic  study  was 
conducted on the site, comparing it to 
a number of known sites which were 
comparable  both  geographically  and 
temporally,  as  well  as  an  actualistic 
assemblage  of  African  elephants  in 
Zimbabwe.  Using these a number of 
independent lines of evidence all point 
to the site being used for butchering. 
Among this  evidence is  that  66% of 
the skulls are damaged, compared to 
17%  of  the  post-cranial  elements. 
Furthermore, all of the skulls in which 
the  region  was  preserved  (23),  the 
tusk  alveoli  are  broken,  most  likely 
for tusk removal, and 60% show signs 
of  the  skull  being  opened  in  a 
systematic way as would be predicted 
in humsn processing of mammoth. 

A  site  in  St  Mary, 
south-central Canada 
has  also  revealed 
information  on 
human-mammoth 
interactions. The site 
consists  of  upwards 
of  500 trackways  of 
mammoths,  which 
have  been  preserved 
in  such  detail  as  to 
allow  estimates  of 
population  structure, 
based  on  size  to  be 
interpreted. Based on 
radiocarbon  dating 
of  the  caribou  and 
bison  fossils 
surrounding  the 
trackway,  the  prints 
were  made  over  a 
course  of 
approximately  200 
years,  which  should 
remove  any 
influence  of  short-
term events,  such as 
extreme  climatic 
events. Based on the 
surrounding 
geographic  features 
it  was also surmised 
that  the  population 
was  a  matriarchal 
family  unit,  rather  than  a  male 
bachelor  herd.  The  footprints  were 
broken  down  into  four  categories, 
based  on  size.  According  to  theory, 
and  studies  on  extant  African 

elephants,  increasing  and  stable 
populations should show much higher 
numbers  of  juveniles  relative  to 
adults,  to  allow  for  the  increased 
mortality  for  younger  individuals. 
This  is  particularly  true  for  larger 
animals  that  have  long  breeding 
cycles.  According  to  this,  an 
increasing  population  should  contain 
50-60%  juveniles.  The  St  Mary 
population  was  estimated  to  contain 
33%  juveniles.  The  possibility  that 
smaller animals may have simply left 
fewer  prints  due  to  their  smaller 
impact  was  disregarded,  as  smaller 
animals  have  proportionally  smaller 
feet,  meaning  identical  relative 
impact.  These  results  suggested  that 
the population was in decline, and that 

due to the age of the deposit, (~11 ka), 
as well as the stone tools found within 
the  site,  and  known butchering  sites 
on  the  continent,  that  the  role  of 
humans  in  this  decline  could  not  be 
disregarded.

The  Berezovka  Mammoth  is  an 
outstanding  palaeontological 
specimen.  While  it  is  fairly  rad  in 
itself  though,  the  real  use  of  this 
specimen is in combining all the data 
obtained with that of mammoths from 
all  over  the  world.  These  specimens 
are  preserved  in  such  amazing 
conditions that the types of evidence 
that  can  be  gained  from  them  is 
enormous. Even more amazing is that 
the  varied  preservation  of  these 
specimens  allows  a  wide  array  of 
information to be gleaned from from 
the  finds,  allowing  a  much  more 
complete  picture  of  the  quaternary 
northern  hemisphere  to  be 
reconstructed.
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