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Manrmalian launal lists of Riversleigh lbssil sites rvcrc cotnpared using several techniqucs

to assess the age rc la l ionships bet tveen 75 Rivers lc igh s i tes and thc centra l  Austra l ian

Nganra,  Kut jamarpu and the Northcrn Terr i tory Bul lock Crcck Local  Faunas.  Presence/

abscnce data of the sites' mammalian fauuas were compared in terms of launal similarity

us i ng  c l us te r  ana l ys i s ,  o rd i na t i on ,  se r i a t i on  and  c l ad i s t i c s  ( t he  l a t t c r  me thod  has  no t

previously bcen used to compare such data) .  The analysis u 'as repeatcd using only s i tcs

u,ith cighr rnammal taxa or lrore. The analyses also testccl and supported the Rivcrsleigh

Systct]t concept introduced by Archer al a/. (1989). The analyses conllrtncd the placcment

ofscveral  s i tes previously assigned (creaser 1997, Arena 2004) to a Systenl  baseci  on

their  geology and topography.  Howevcr,  the analyses could not  cont l rm the assignr l lent

of  s i tes rv i th less than eight  taxa.  Si tcs lv i th c ight  mamrnal  tJ \ i l  or  l l lorc t rer t  used as

diagnostic sites fbr a prelirninary description of the "Systems" or' "Faunal Zoncs" (st'nsrt

A rcna  2004 ) .
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stratigraphic unit of worldwidc significance' or
'the rocks formcd during a period of geological

t imc' :  Batcs & Jackson 1984).  Megir ian (1994)

challenged the Systerns of Archer et ul. (1989)

by pointing out that it involves a combination of
geological and faunal concepts rather than just

one or the other. Moreover, Archer et al. (1997)

used both geological and faunal data in their

biocorrelation ofthe Riversleigh assemblages.
Radiornetr ic  dat ing of  Rivers le igh s i tes,

us ing U/Pb isotopes recovered f iom calc i te

samples, is in progress (Elizabeth Price, pers.

comm.  2006 ) .  I n  t he  i n te r im  and  to  da te ,

b iocorre lat ion (compar ison of  foss i l  taxa in

undated deposits with others in securely-dated
deposits) and stage of evolution have been the
principle tools used to estimate the relative ages

of  Rivers le igh fbss i l  faunas (Archer  et  a l .1995.

Archer et al. 1991 , Murray & Megirian 2000,

Myers & Archer 1997, Woodburne el al. 1994).

The Kutjamarpu LF (South Australia), the Ngama

VERTEBRATE FOSSIL  DEPOSITS  i n  t he

Riversleigh World HeritageArea, located in Lawn

Hill National Park, northwestern Queensland,
have been excavated since the late 1970s. Over

300 sites have been recorded, spanning the late

O l i g o c e n e  t o  t h e  H o l o c e n e .  T h e  f a u n a l

composition from each site has been collected,
processed and interpreted to represent a unique

loca l  f a r - rna  (LF ) ,  assemb lage  o r  l oca l

palaeocommunity (Archer et al. 1997). Archer et

a/. ( 1989) also introduccd the tcrm "System" to

define three sequential cornbinations of rock/

faunal assemblages interpreted to span the late

O l i g o c e n e  t o  l a t e  M i o c e n e  s e d i m e n t s  o f

Riversleigh. System A was interpreted as late

Ol igocene,  System B as ear ly  Miocene and

System C as middle to early late Miocene' This

informal usc olthe term 'System'differs from the

more traditional geological term 'System' which

is a rock-spccific tcrrn (i.c. 'a major chrono-
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LF (South Austra l ia)  and the Bul lock Creek LF
(Northern Territory) are the principle sources of
the correlatior.r. The Riversleigh System A LFs
have been demonstrated to correlate with the
Ngarna  LF  ( l a te  O l i gocene ,  magne to -
st rat igraphical ly  dated at  about  24-26 Ma),
Systerr.r B LFs with the Kutjamarpu LF (early
Miocene) and System C with the Bullock Creek
LF (middle Miocene) (Archer et al. 1995, Archer
et ol. l99l ,Archer et al. 1999, Murray & Megirian
2000, Myers & Archer 1997, WoodbLtrne et ol.
1994). Topographic and stratigraphic data have
been very useful in assessing the relative ages
ol'the sites based primarily on demonstrated or
inf 'er red superposi t ion (Creaser 1997,  Arena
2004).

Statistical techniques such as cluster analysis
and ord inat ion have been used to in terpret
similalit ies of individual local f-aunas (LFs) at
specific taxonomic levels (de Bonis e/ al. 1992.
Shi 1993. Bennington & Bambach 1996, Bonuso
et ul. 2002. Elewa, 2004, Fenerci-Masse er a1.,
2004. Myers 2002, Palombo et al .2002,Pelfrez-
Campomanes et a|.200'31. Although the statistical
rnethod used by different authors may be slightly
different worlclwide (i.e. using diff-erent similarity
i nd i ces  o r  d i f f e ren t  t ypes  o f  o rd ina t i on ) .
fundamentally it is a well established method.
Rich e/  a l  .  (1991),  tbr  example,  used c luster
analysis (Simpson's Coefficient) at the generic
level to assess the taxic similarity ol 'Australian
Cainozoic f i lss i l  ver tebrate s i tes inc luding a
number fiorn Riversleigh. In the appendix of
Murray et ul. (2000), Rich also perfbrmed a cluster
analys is  c tn Neohelos populat ions to extract
taxonomic and biochronological meaning from
the data. Similarly, Megirian et a1. (2004) used a
cluster analysis to compirre the l 'aunal similarity
of Riversleigh sites. Their resr-rlts are somewhat
different from ours and at'e compared to our
r e s u l t s  a n d  t h o r o u g h l y  r e v i e w e d  i n  t h e
Discussion.

In this study we test f itur main hypotheses:
l. Riversleigh sites accumulated fbssils at
dif'fbrent periods of tirne;
2.  Rivers le igh s i tes accumLr lated fbss i ls
during three main rock/taxa intervals
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characterisable as Systen.rsA, B and C;
3. Systems A, B and C are sequential in t ime
with A being the oldest and C being the
youngest ;  and
4. Specific LFs, groups of LFs or Systems at
Riversleigh accumulated at periods of t ime
that correlate with the Bullock Creek.
Kudamarpu and Ngama LFs.
In addition, research carried out in this study

enables tests of current hypotheses about the
re lat ionships of  ind iv idual  assemblages (e.9.
whether Keith's Chocky Block Site is ref'erable to
System B or C [Morrell 2002]). We also compare
the results given by diffbrent analyses and by
d i f f e ren t  s im i l a r i t y  i nd i ces  and  assess  the
approach most suitable fbr data of this kind.

Materials and Methods
Data compilotion
The data examined consist of the l ists of land
mammals identified to species level only fiom 75
Riversleigh sites and from three non-Riversleigh
Australian sites, Kudamarpu, Ngama and Bullock
Creek, compiled fiom published and unpublished
sources. Bats were excluded fiom the analysis
because there is evidence that they may skew
the results due to potential taphonomic biases
( H erniindez Ferniindez & Pe I iiez-Campolnanes
2003). The Riversleigh sites used are Iisted in
Table l. The raw data were extracted ftom the
updated species l ist compiled by Archer et a/.
(2006) for the Riversleigh f-aunas. The species
lists used for Kutjamarpu, Ngama and Bullock
Creek are l isted in the Appendix. The cornpiled
data consists of all mammalian taxa identif ied
beforc August  2005.  A tota l  o f  215 rnar .nmal
species (280 species from Riversleigh and 37 fiom
the non-Rivers le igh s i tes)  were inc luded as
presence/absence data (0 indicates absence; I
indicates presence). Although abundance data
are usually fbund to be more descriptive of the
f'auna in palaeontological studies than presence/
absence data (Johnson & McCormick 1999), it is

T t th l e  l .  L i s t  o f  s i t es  u i t h  abb rc t i a t i ons  o rdc r cd  by
Systenrs (as tbund in the l i teraturc) .
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System A sites System C sites

System B sites

AL90 - AL90 Site2
Bob - Bob's Boulders Sitel
CK - Cadbury's Kingdom Site2
COA - Cleft of Ages Site2
Dome - Dome Site2
En - Encore Sitez
FF - Fireside Favourites Siter
Gag - Gag Sitel
GC- Gotham City Siter
GOH - Gone Over Here Sitel
HH - Henk's Hollowl
JC - Jim's Carousel Site2
JJ - Jaw Junction Siter
JJS - Jim's Jaw Sitel
KCB - Keith's Chocky Block Site2
KJ - Kangaroo Jaw Site2
LD94 * LD94 Siter
LM - Last Minute Sitel
Main - Main Sitel
Pha - Phalanger Sitel
QQ - Quentin's Quarry Sitel
Ring - Ringtail Sitel
SD - Sue's Diprotodontid Sitel
TT - Two Trees Sitel
Wang - Wang Site2

lCreaser, 1997.
2 Arena,2004.
3 Archer et al., 199'7.
+ Roberts, 2004.

AL - AL Sitez
BO - Burnt Offering Site
Boles - Boles' Bonanza Sitel
BR - Bone Reef Site3
D - D Sitel
Dun - Dunsinane Site2
G - G Site2
GG - Gil lespie's Gully Sitel
H - Hiatus Sitel
HS - Hiatus South Sitez
JA - Jeannette's Amphitheatre Site3
JJJ - Judy's Jumping Jointl
LL - Rackham's Low Lion Sitel
LSO - LSO Sitey
MIM-MIM Si te l
QL - Quantum LeaP Sitel
SB - Sticky Beak Siter
UBO - Upper Burnt Offering Sitel
VIP- VIP Siter
WH - White Hunter Si

Bite - Bitesantenary Sitey
Boid - Boid Siter
BSE - Boid Site Eastr
CR - Creaser's Ramparts Site2
CS - Camel Sputum Sitel
DT - Dirk's Towers Site2
Hel - Helicopter Sitel
Ina - Inabeyance Siter
JH - Judith's Horizontalis Site2
MM - Mike's Menagerie Sitel
MPP - Mike's Potato Patch Sitel
NG - Neville's Garden Siter
Out - OutaSiter
PIR - Price Is Right Site4
RSO - RSO Siter
RV - Rat Vomit Siter
TB * Ten Bags Sitel
U - Upper Sitel
VD - View Delight Sitet
WW - Wayne's Wok Si

Sites of unknown age
3008R 300BR Site
AR - Arachnea Ridge Site
FT - Fig Tree Site
Mesa-Mesa3 Si te
RRR - Rick's Rusty Rocks Site
Roo - Roo site

Other sites
BC - Bullock Creek Local Fauna
(Middle Miocene) 3
CC - Caninglon's Cave (Recent)
Kut - Kutjamarpu Local Fauna
(Early Miocene) 3
MSC - Message Stick Cave
Nga - Ngama Local Fauna (Late
Oligocene) 3
RR - Rackham's Roost Site
(Pliocene):
Ter - Tenace Site
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very diff icult to collect abundance data fiorn the
Rivcrs le igh rnater ia l .  Aside f rom being t ime-
c o n s u m i n g  ( w i t h  o v e r  3 0 , 0 0 0  R i v e r s l e i g h
s p c c i r n e n s  n o w  r e g i s t e r e d ) ,  t h i s  p r o c e s s
i n v o l v c s  a s s i g n m e n t  o f  a l l  s p e c i n t e n s  t o
taxonornic groups. The majority of postcranial
fbssils f iorn Riversleigh have not been assigned
to a taxon because r.nost of the speciurens are
d i sassoc ia ted  and  i so la ted  pos tc ran ia l s  a re
general ly  not  d iagnost ic  at  the species level .

Dala unal.vsis
The data were flrst entered in an Excel spread
sheet and then transf'erred to the appropriate
program lor  the ar . ra lys is .  There are several
methods to measure sample size (e.g. NIS, number
of identif led specimens) and deterrnine whether
fbssil sites are a representative santple of the
original cornmunity. However, as outl ined above
in the data compilation section, determining NIS
values fbr  each s i te  is  problemat ic .  For  th is
reason,  the s ize of  sar . r . rp le ( tota l  nurnber of
species) fbr each site was compared using a bar
graph. This can be used to gauge hor.l, much
confidence may bc placed in the results (small
s ize o lsample -  low conf idence).  Four  types of
ana l yses  were  conduc ted :  c l us te r  ana l ys i s ,
ord inat ion.  ser iat ion and c ladis t ics.  The fbur
analyses approached the data in difTerent ways.
Ord ina t i on ,  c l us te r  and  c lad i s t i c  ana l yses
examined thc taxonornic similarity of individual
s i t es  and  g rouped  them acco rd ing  to  t he i r
s i r n i l a r i t y .  Se r i a t i on  o rde red  each  s i t e  i n  a
sequence,  showing a d i rect ion in  t ime.  Each
analysis was perfbrmcd twice with two diflerent
sets of data. The first set of data contained all
the sites shown in Table I (78 sites in total). The
second set ofdata contained only sites that had
8 rnaurmal taxa or more (24 sites in total). We
arbitrari ly sclected 8 taxa as the urinirrr,rm for the
second set of data after examining the results of
the f l rs t  set .  Thc resul ts  of  the two sets of
analyses were compared to explore the effect of
low sample size.

ClLrster analysis
Cluster  analys is  is  one of  the nrost  widely used
techniques fbr  cornpar ing assemblages us ing
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taxonomic s imi lar i ty  (de Bonis et  o l .  1992,Shi
I 993, Bennington & Bambach I 996, Bonuso el
a I . 2002, E lewa 2004, Palombo er a/ . 2002, P el6ez-
Carnpomanes et ol . 2003). Cluster analysis was
perfbrrned at the species level only, using the
unweighted pair group rrethod in the software
PAST. In the unweighted pair group method, a
number  o f  s i r n i l a r i t y  i nd i ces  can  be  used .
Accordir.rg to Hammer (2002) and Han-rmer &
Harper (2006), Dicc's, Jaccard's, Sirnpson's and
Raup-Crick's sin-ri larity indices are thc rrost
sui table indices to use for  presence/absence
data.  Each of  these indices is  used fbr  the
cl  usters.

Ordination
Ordination is also a very widely used technique
fbr cor.nparing assernblages using taxonomic
sirnilarity (de Bonis et al. 1992, Shi 1993, Bonuso
et  a | .2002,  Myers 2002,  Elewa 2004,  Fenerc i -
Masse e1 rl/. 2004). Hammer (2002) and Hammer
& Harper (2006) showed that ordination is most
ef fect ive when i t  is  compared wi th c l r . rs ter
analys is .  There are a number of  ord inat ion
methods that can be r-rsed. For presence/absence
data, Hammer(2002) and Hammer& Harper(2006)
recommend Principal Coordinate analysis (PCO)
as one of the most suitable. Although it is usually
used for abundance data, Principal Cornponent
A n a l y s i s  ( P C A )  i s  a l s o  r e c o m m e n d e d  b y
Brenchley & Haryer (1998) becausc it works just
as well fbr presence/absence data. PCA and PCO
were both perfbrmed on the dataset.

Seriation
Ser ia t i on  i s  an  o rd ina t i on  o f l en  used  on
stratigraphic data which rearranges data in the
fbrm of a range chart with species in columns
and samples (or  s i tes)  in  rows.  This is  achieved
by min imiz ing the range zones of  taxa,  which
places similar samples in adjacent rows (Brower
& Burroughs 1982). This is done by perfbrrning
a series oliterations that includes the fbllowing
steps: calculation of mean position of presences
in rows, fbllowed by ordering rows according to
these means;  then calculat ion of  mean posi t ion
of presences in columns, fbllowed by ordering
columns according to these means. There are
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t w o  t y p e s  o f  s e r i a t i o n s :  c o n s t r a i n e d  a n d
unconstra ined.  In  the constra ined ser iat io t . t .
samples have a known order (i.e. stratigraphic
position) and therefbre only taxa are rearrangcd.
The unconstrained version of scriation is used
in this analysis because it rearranges both taxa
and samples. The seriation was perfbrtned usir.rg
the  so t lwa re  PAST.  To  accommoda te  t he
soflware" sites were moved to colutrrns and taxa
to rows.

C ladis t ics
A l t h o u g h  p r i m a r i l y  u s e d  t o  a n a l y s e  t h e
re lat ionships of  taxa.  c ladis t ics has been used
fbr  other  purposes.  For  cxample,  O'Br ien &
Lyman  (2003 )  exp lo red  the  app l i ca t i on  o f
c l a d i s t i c s  t o  a r c h a e o l o g y  b y  c o n s i d e r i n g
artet-acts as human phenotypic characters. It has
not been used previously to cluster fbssil sites,
which is u'hy its potential value to do this u'as
erplored in  the present  s tudy.  Cladist ics is
typically used to group taxa on the basis oftheir
shared derived characteristics. Usually. f 'eatures
un ique  to  one  taxon  (au tapomorph ies )  and
characters col rmon to a l l  taxa (symplesio-

rnorphies) are excluded frorrr the phylogenetic
analyses because they are uninfbrmative. Only
derived f-eatures shared by one or more taxa
(synapomorphies) are used in the analysis. In

this study, the taxon presence/absence replaces
the derived/primitive character state and site
names replace taxon names.  Using the c ladis t ic
concept of autapomorphy, all taxa unique to a
single assemblage were removed fiom the data
set. "symplcsiomorphic" taxa do not occur in
this data set because no taxa are prcsent in all
s i tes.

The analysis was perfbrued using PAUP,
version 4.0b 10, fbr Windows, and the perl script
Per lRat .p l  ( the per l  scr ip t  is  avai lable f iom Olaf
Bin inda-Emonds'  websi tc ,  ht tp: / /www2.uni -
jena.delu/o7Eb6biol2/). The parsirnony ratchet
(Nixon 1999) was used to analyse the data.  The
ratchet settings used u,ere 50 batclres o1' 200
replicates, with25o/: of the characters randomly
upweighted by a f 'actor of tu'o in each replicate.
This was then followed by a heuristic search

within the shortest trees already obtained. but
without increasing the number of trccs sal'ed.
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Fig.  2.  Cl luster  Analysis on presence/absencc data at  the species level ,  using Dicc 's s i rn i lar i ty  index on al l  s i tcs
(corresponding Systcms are sholvn above s i tes) .
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The results are summarised in thc 50% majority-
rule consensus tree. The heuristic rrethod u'as
uscd on the basis that it is more suitable fbr a
large data set because it does not conduct an
exlrirustive search (Forey et al. 1992). As forall
b inary characters,  characters (or  taxa)  were
unordered in the analysis because there are no
evolut ionary sequcuccs in  presence/absence
data. Sirnilarly. the trccs are unrooted to prevent
any bias in finding thc "anccstral" sitc. To measur-e
the fitness olthe data, the consistcrrcy index (CI)
and retention index (Rl) were calculated. Bootstrap
and jack-knrf-e analyses were used to estimate
confidence intervals lbr the trccs.

Results and Discussion
The total nur.nber of r.nammal taxa present in
each s i te  is  shown in F ig.  l .  Most  s i tes l rave a
very small sample size, with r.nore than 50% of
s i tes having less than I  0  taxa.  I t  is  d i f f lcu l t  to
identily the miniurum number of species required
to be conl ldent  in  the resul ts .  but  the smal ler
the sample thc higher chance of error. Results
a r e  d i s c u s s c d  i n  r e l a t i o n  t o  t h e  c u r r e n t
understanding of Syster.r.rs nonrenclature and
inc luded s i tes (Table l ) .

C'luster anuly.si.s
Cluster arralyses perfbrmed on all sites at the
species level using Dice's, Jaccard's, Sirrpson's
and Raup-Crick's similarity indices are shown
in Figs 2,  3,  4 and 5,  respect ive ly .  The c lusters
produced by Dice 's  (F ig.  2)  and Jaccard 's  (F ig.
3)  ind ices are a lmost  ident ica l ,  dcspi te a f -ew
invers ions of  branches and that  thc c luster
branches are s l ight ly  shor ter  us ing Dice .  This
was cxpected because Dice 's  indcx is  lcss
sensitive than Jaccard's indcx to dif l-erences in
sample size ( IJamrrer & Harper 2006). Most sites
of the same Systerr cluster together (e.g. Gag,
HH, LM,. lC.  KCB, COA, En).  Howcvcr ,  some
si tes do r . rot  c luster  wi th s i tes of  the same
System (e.g. Wang is interpreted as a System C
si te,  but  c lusters wi th System B s i tes in  the
analys is) .  Cluster  analys is  per fbrmed using
Simpson's index (Fig.4) givcs siuri larbut slightly
more resolved c lusters.  I t  is  orobablv bet ter
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suited to this kind of data than the first two
indices bccausc, unlike Jaccard and Dicc indiccs,
i t  is  to ta l ly  inscnsi t ive to the s ize o l ' the larger
sarrrple (Harrmcr & Harper 2006). The results
found using Raup-Cr ick 's  index (F ig.  5)  arc
son rewha t  d i f f ' e r cn t .  Raup -Cr i ck  L rses  a
randornisat ion method to c luster  s iur i lar  s i tes
(Hammer & Harper 2006) and thcrcfore all sites
are placed in a cluster regardless of similarity. It
expla ins why s i tes that  the other  ind ices le f t
unresolvcd (c .g.  Ter ,  RRR, JJ. . . )  due to lack of
sirnilarity arc clustered together in the Raup-Crick
c lus te r .  Ho l veve r "  t he  t h ree  rna in  c l us te rs
representing the three Systems are l lore clearly
rcsolvcd with Raup-Crick's indcx, although some
sites do not cluster with their pr.rtative System.

Results of t lre cluster analyses pertbrmed
on sitcs with eight mammal taxa or more using
Dicc 's ,  Jaccard 's ,  Simpson's and Raup-Cr ick 's
indices arc shown in Figs 6. 7, 8 and 9. The rcsults
fbund by cach index is very similar, f inding the
sarnc rnain clusters. WH and D, thc only two
Systcrr-r A sites always clustcr togcthcr. . lC, HH,
Gag, KCB, COA and En, putativc System C sites,
also cluster together in each analysis. However,
CS. WW NC, U,  RSO, lna,  DT,  MM, and CR
(putative System B sites) always clustertogether
with Wang and Ring. Non-Riversleigh sitcs (BC,
Kr-rt and Nga) cluster outside of thc Systems,
and RR (Pl iocene) remains unresolved outs ide
of the c lusters.

Ordincttion
The  P r i nc ipa l  Con rponen ts  Ana l ys i s  (PCA)
perfbrrned on a l l  s i tes (F ig.  l0)  shows some
separat ion between the major i ty  of  s i tes of
Systcms A, B and C. However, sites with a smaller
samp le  s i ze  t end  to  c l u t t e r  nea r  t he  (0 ,  0 )
coordinates. Sites with larger sample sizes (U.
CS, WW, NG Gag. HH) fall further to the right of
(0,  0)  coordinates.  This means that  the f l rs t
e igenvcctor ,  u 'h ich accounts 1br  19.5% of the
variation, contains most of the species preseltt
in  those s i tes.  The second e igenvector  only
accoLrnts fbr 8.3% of the variation but it is the
rnost usefirl to distinguish the Systerr.rs.
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In  con t ras t ,  t he  P r i nc ip le  Coo rd ina tes
ana l yscs  (PCO)  us ing  D ice ' s  (F ig .  l l )  and
Jacca rd ' s  (F ig .  l 2 )  i nd i ces  shows  no  c l ca r
separation bctween Systerns. The convcx hulls
(a sct of points is the smallest convcx sct that
includcs the points) ofeach Systen.r arc covcring
each otl.rer, showing no difference between thc
Systems. The first two cigcnvalues account only
lor 6.9nh and 5.U% of thc variation, respectively
fbr Dice, and 5.4o/u and 4.8% of the variation,
respectively for . laccard

In the casc of Simpson's (Fig. l3) and Raup-
Crick's (Fig. l4) indiccs, the Systerns separate
more clearly. with still some overlap. Coordinates
I (8.3% of the variation for Simpson and 9.3(%
for Raup-Crick) and 2 (l .6ok of thc variation fbr
Simpson and 8.9 for Raup-Crick) are equally
use{ul to determine thc rclationship between the
Systems, and unlikc PCA. As in cluster analysis,
the Sirnpson and Raup-Crick indices are not as
heavily inf-luenced by saurple size as Dice and
Jaccard, explaining why thcrc is less overlap.

Thc PCA (Fig. l5), and the PCO using Dice's
(Fig.  l6) ,  Jaccard 's  (F ig.  l7) ,  S impson's (F ig.  18)
and Raup-Crick (Fig. l9) indiccs pcrfbrmed on
sitcs with eight taxa or lnorc all showed very
s in-r i lar  resul ts .  Unl ikc c luster  analys is ,  a l l  the
sites grouped with thcir own Systenr without
ovcr lapping t l re  convex hul ls .  The l l rs t  and
second cigenvalue accounts for I 9.3 o/u and8.4Tu
of variation in the PCA respectively, I 1.9% and
8.4% in thc PCO with Dice. 9.2ohand6.7Tuinthe
PCO wi th Jaccard.  15.8% and 10.3% inthe PCO
with Simpson,  and 2 l  .  l7o and 13.5% in thc PCO
with RaLrp-Crick. BC, Kut, Nga and RR grouped
away liom the Systerns.

Seriation
Seriation bascd on prcsence/absence data at thc
species lcvcl is given in Fig. 20 for all sitcs and
Fig. 2l for sites witl.r eight mammal taxa or urore.
Duc to thc large size of the seriation, Figs 20-2 I
havc bccn reduced to fit the pagc. Taxon and
site namcs are therefore ur.rreadable. Sitc naures
are recapitulated below and the ordcr ofthc sitcs
is as shown in the seriation. Subscripts ref'er to
putative Syste m ol'age as fbllows:1, System A; 2.

ALCHERINGA

System B:3, System C;4, Pliocene; 5. Pleisbcene;
6,  Recent ;7,  Unknown.

All sites (seriation criterion = 0.2f1):
VIP'AL'  HSS,,Nga,  LLr .  JA'  Boid, ,  LSO,.  Dun, ,
SB'  HS'  BO,,  Roo-,  JJ. l '  AR,,  Mesa-.  Boles, ,
GOH.,  Df  WH,.  G, ,  QL, ,  UBOr,3008\ ,  FT, ,  BRf
DT., JH., MM., WW., BSE., U., CS", RSO., BitC.,
Ina. ,  Hel . ,  RV, .  GG'  MPP,,  PIR. ,  NG.,  CK.,  CR.,
Wang. ,  VD.,  Out . .  QQ.,  nob. ,  JJS. ,  COA.,  TB. ,
KCB.,  MIM.,  Kut ,  Ring. ,  SD.,  Gag. ,AL90. ,  KJ. ,
Main. ,  HH.,  GC.,  LD94. ,  LM.,  JC. ,  BC, FF. ,  En. ,
Dome., TT., Pha-, JJ-, RRR' RR.,, Ter., CC,,, MSC.

S i tes  w i t h  e igh t  mamma l  t axa  o r  more
(seriation criterion = 0.55):
Nga,  Kut ,  WH'  D'  CR,,  DT. ,  WW.,  MM.,  CS.,
Ina. ,  RSO.,  NG.,  U. ,  Wang. ,  KCB.,  COA.,  Ring. ,
Gag. ,  HH.,  LM.,  JC. ,  En. ,  BC, RR' .

The  se r i a t i on  shows  the  ch rono log i ca l
seqllence in which System A sites are fi l l lowed
by System B sites. which are then followed by
System C sites. ln the seriation with all sites. only
a f 'ew sites are grouped with a difTerent Systerr.
Boid (B) and GOH (C) are grouped with System A
sites, GG (A) is grouped with System B and TB
(B) with System C sites. The sample size is quite
low fbr these sitcs (Boid has 3 taxa, GOH, GG ancl
TB havc I taxon each) which might explain the
error. CK (C) and Wang (C) group with Systern B
si tes,  or  CR (B) .  VD (B)  and Out  (B)  group wi th
System C sites. Nga, Kut and BS are placed among
System A,  B and C s i tes respect ive ly .  RR
(Pliocene), Ter (Pleistocene) and recent sites (CC.
MSC) fbllow at the end of the seriation.

I n  t he  se r i a t i on  us ing  s i t es  w i t h  e igh t
mammal taxa or lrorc, sites lbllowed the System
A, B and C chronological order. In contrast to
the seriation with all sitcs, Kut grouped with Nga
belbre System A s i tes.  Thc cr i tcr ion in  th is
scriation (0.55) is also rnuch highcr than in thc
seriation with all sites (0.2ti). This urcans that the
seriation using sites with cight mammal taxa or
more is much bettcr rcsolvcd and more reliable.

Clatlistic'.s
The parsirnony Ratchet analysis rcsultcd in 10000
shortest trees using all sites and 156 shortest
trees using sites with eight mammal taxa or morc.
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The t rees are summarised below in the 50%
majority-rule consensus trees (Figs 22-23). For
all sites. 94 out ol2l5 characters were infbrmative
(i.e. I 2l uninlbrmativc); 1br sites with eighttaxa

') -t'/

or more" ll3 out of 195 characters were infonlative
( i . e .  I  l 2  u n i n f b n n a t i v e ) .  S i t e s  c o n t a i n i n g
uninfbrmative characters (3008R to VIP in fig.
22\ are lefl unresolved in the tree. Indices 1br the
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majority rule consenses were as fbllows:All sites,
CI :0.5012,  RI-0.4121 ;  s i tes wi th e ight  taxa or
more,  Cl - -0.51J2 I ,  RI-0.4400.  Both values are
quite low, indicating that the tree describes the
data set poorly. The two trees (all sites and sites
with eight marnmal taxa or more) resulting fionr
the parsimony analysis are quite similar to results
f r o m  t h e  c l u s t e r  a n a l y s i s .  H o w e v e r ,  t h e
parsimony analysis lefl nrore sites unresolved
than c luster  analys is ,  due to the removal  of
uninfbrmative characters. Bootstrap and jack-
knife analyses were also performed to test the
confidence ofthe branching. Frorn the bootstrap
and jack-kni fe analyses,  there are fbur  wel l -
supported branches suggest ing re lat ionships
between:

-  CS, U,  WW and NG (a l l  s i tes and s i tes
with eight mammal taxa or more);
-  GAG and HH (a l l  s i tes and s i tes wi th
eight marrnral taxa or more);
-  Bob and QQ (a l l  s i tes only) ;  and
- Kut and Ng (sites with more than eight
mammal taxa only)

Comltari.son of analy,ses and size o/ santples
The fauna of each site is a sample of a local
community (or local tauna) that has then been
compared with other sites. Sites with a small
nuurber  of  species have typ ical ly  been less wel l
sampled than s i tes wi th a largc nLrurber  of
species. If the number of species in a site is lou,
due to undersampling, there is a greater chance
o f  e r ro r  i n  t he  s im i l a r i t y  compar i son .  W i th
increasing numbers ofspecies. there is increasing
confldence in the results ol-the comparison. We
perfbnled the similarity analyses on all sites and
on sites with eight mammal taxa or lnore to
invest igate that  par t icu lar  sampl ing problem.
Interpreting the results and r.naking conclusions
based on the analyses us ing a l l  s i tes could lead
to sevcre crror.

We used tbur sirnilarity indices to corrpare
the results given by each of therr. In the all sitc
a n a l y s i s .  t h c  r c s u l t s  g i v c n  b y  D i c c ' s  a n d
Jaccard's indiccs wcrc ah.nost idcntical, although

Fig.  2 l .  Scr iat ion of  s i tcs u i th 8 r rarrmal  taxa or  nrorc
bascd on prcscncc/abscncc c lata at  thc spccics lcvcl .
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Dice was s l ight ly  less sensi t ive to sample s ize.

Sirnpson's and Raup-Crick's indices idcnti l led
thc Systcrns rnuch bctter than the othcr two
indices. This is in agreement with Hatntner's
(2002) and Hammer & I-larper's (2006) recotlmend-
ations: Sirnpson's and Raup-Crick's indices are
rr ,ore sui table when san.rp l ing is  considered
incor.nplete. hr the analysis based on sites with
eight rnammal taxa or more, the rcsults given by
thc fbur indiccs were altlost identical, indicating
that sampling error was reduced or perhaps cven
rcrnoved.

Ordinat ion was one of  thc n. rost  uscfu l
rurcthods for comparing launal lists. The Systcrns
wcrc distingr"rished in both PCA and PCO, but
they were morc clearly scparated by PCO. As

Clarke and Warwick ( 1994) noted. PCO is trorc
f-lcxible in dcfining dissirnilarity than PCA, bLrt

both sutfer from poor distanco prcserving (the

p r o x i m i t y  b e t w e c n  d a t a  p o i n t s  d o e s  n o t
accu ra te l y  re f l ec t  t he i r  s im i l a r i t i es ) .  Th i s
phcnomenon is showtt in our analysis by thc
grouping of RR with Kut, Nga and BC, although
RR docs not share any spccies witl.r them.

Cluster analysis was not as successful as

ordination in defining the Systcms, with tnany
s i t es  re rna in ing  unass igned  i n  t he  a l l  s i t es
analyses. Clarke and Warwick ( 1994) pointcd out
that clustcr analysis was weak at working out
relationships at higher lcvels and it is always
recornmendcd to use i t  in  conjunct ion wi th
ordination. This rreans that the highcr branchcs
of thc clustcr. which strpposedly rcpresent thc

Sys te rns ,  a r c  l ess  r c l i ab le  t han  the  l a rgc r
groupings in ordination. Ultintatcly. ordination
should bc used to idcnt i ly  groups ( in  our  case
S y s t e r n s )  a n d  c l u s t c r  a n a l y s i s  t o  i d e n t i l y

s imi lar i t ies wi th in thosc groups.
Scriation was very usctirl at idcnti lying thc

chronological  order  of thc Systents by p lac ing

sitcs in a scqllcnce according to tl.rcil sirnilarit ics.
Syslem A becomcs t l ic  o ldcst  lb l lo l l 'cd by
Systern B and then by Systern C. Assur.ning tl.rat
t hc  se r i a t i on  p lacec l  t he  s i t c  i n  t he  co r r cc t
chronological order, thc rcsults of scriation cor,rld
bc used to makc preclictiorts about what specics
might be expcctcd to bc for.rnd in a sitc assutning
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thc appropriate palaeocnvironment.
The cladistics mcthod was not particularly

useful in identifying Systems. In the analysis
using sites with eight tnammal taxa or rnorc, it
clustered stnall groups such as En and COA, or
CR and MM, outsidc the System branches. The
rcmoval of unique specics (autapornorphies) frorr

thc data set lnay not be thc best mcthod for
faunal comparison. In fact, it is recommended
(Etter 1999) to include unique (rarc) species
bccause they may be highly important and evcn
character is t ic  of  somc of  the samples.  For

cxample, in the analyscs En groups with System
C. Myers et ul. (2001) dernonstratcd that En
(Er.rcore Local Fauna) was younger than other
Systcrn C sites. lt contains taxa that arc more
derivcd than Systcm C taxa and these taxa are
unique to En (  I  I  un ique taxa out  of  l9  in  tota l ) .
In cladistics analysis, thcsc taxa are trcated as
uninlbrmativc, resulting in grouping En with COA
based on thc c ight  rernain i t tg  lara in  comt l ton
wi th System C s i tes.  In  ord inat ion,  c luster
analysis and seriation, En is placed bctween
COA and BC. or JC and BC.

Bullock Creek, Kutjamarpu and Ngama Locul
Fattna,s
T h c  N g a m a  L o c a l  F a u n a  ( N g )  h a s  b e e r r
rnagnetostratigraphically datcd at about 24-26
mya, in the late Oligocene (Woodburne c/ a/.
1994).  The b iocorrc lat ion of  a taxon sharcd
betwccn Ngarna and Riverslcigh's System A
Whitc Hunter Sitc (Kuterinlia ngttnta) indicatcd
that they were of a sin.ri lar agc (Myers & Archcr
1997,  Archer  et  a l .  1997).  Murra l ,  & Mcgir ian
(1992) and Murray et ul. (2000) demonstratcd
that Bullock Circck (BC) rnightbc rniddle Mioccnc
in  agc .  BC sha l cs  a  nu t rbc r  o l '  t axa  w i th
Riverslcigh's Systern C sites (Neohelos stirtoni
and P r o p tr I o t' c' h es t e s n o v u c u I u c e 1 t h u I u,s) artd
thc Encore Local Fauna (l4tukaleo vanderlcttari)
su -egcs t i ng  t ha t  t hey  a re  o f  a  s i n t i l a r  agc .
W o o d b u r n e  e t  a l .  (  1 9 9 4 )  s L r g g e s t e d  t h a t
Kutjamarpu, l ikc Ngarra, was late Oligoccnc irt
agc, butArcher et ctl.(1991) argucd lhat it sharcs
rnorc taxa rvith Rivcrsleigh's Systctn B sites than
Systern A, and hencc is probably carly Miocene.
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In the analyses, Ngarna and Kutjarnarpu
always g. roup togcther  e i t l rer  r , r  i th  System A s i tes
or distantly f iom all Riversleigh sites. Ngama has
more taxa in comt.notr with Kudarnarpu (two:

Bulungontu.ra sp. A and Peramelemorphian sp.
B) than Riversleigh (one'. Kuterinlja ngoma)
hence its position in the analyses. Kutjamarpu
shares s ix  o l '  i ts  taxa wi th Rivers le igh s i tes:
Whkaleo old/ieldiis known fiom KCB and COA
(System C). Wtkiev'akie ltnr.sonitiorn U (System

B), Litokoalu kutiamarpen.sn fiom Gag, GC, HH
and JC (System C), Morlu ktttittmorpen.ils liom
G a g ,  R i n g  a n d  W a n g  ( S y s t e m  C ) "  R i z t t -

tthoscolontts t:rov'crofiifiom BR, DT and COA
(System A, B and Cl) and JVeohelos tirorensis
f iom 300BR. BR. BO" CS. D,  Dun,  FT,  lna.  J . lS.
KCB,  MM.  NG.  P IR .  SB .  U ,  UBO and  WW
(Systems A, B and C). These Kutjar.narpu species
occur in all three Riversleigh Systeus, makir.rg
biocorre lat  ion prohlcrnat  ic .

Cornparison with the literature
Rich e1 o l .  (1991) contpared thc taxonor.n ic
corrposition o1'Australiart Cenozoic terrestrial
r"narnuralian sites based on the numbcr of'gettera
shared in cot .nmon bctween the s i tes us ing
S i m p s o n ' s  c o e f T i c i c n t .  T h c y  f o u n d  t h a t
Kr-rtjarnarpu and Ngarna clustercd togetlrer with

al l  o ther  South Austra l ian Ol igo-Miocerre s i tes.
All three Riverslcigh Systems clustered together
and  were  c losc l y  re la ted  to  Bu l l ock  C reek .
Perfbrming a sirnilaritv analysis at thc generic
(or  lami l ia l )  level  c lver  a loug t ime span.  s t tc l r  as
cirrried out by Rich ct ul . ( | t)9 1 )" provides a good

unde rs tanc l i ng  o1 '  t hc  u ra io r  ch rono log i ca l
gro l lps.  Hou'cver .  gencra (and farr i l ies)  ex is t
s i gn i l i can t l y  l o r rge r  t han  spec i cs .  a r t d  ha l  e
tL l rnover  t imes that  can bc toc l  long to be of
b ioco r re la t i ve  va iue  fb r  t hc  O l i go -M iocene .
S i rn i l l r i t l  ana l l  scs  pe l l i t l r r t cd  on  s l t t t t l r ' t  t i t nc
spans require the use of species let'cl taxa to

d i s t i ng t r i sh  s r r t e l l e r  e  l t ungcs  i r t  t i n r c .
Megir ian et  u l .  (2001) per fbrrned tuo

analyses us ing Rivers le igh s i tes.  In  thei r  l l rs t
Fig.  )2.  50' f  i ,  nra. jor i t l , - ru lc conscnst ts o l '  l0(XX) t rees o1

thc rrnorc lered analysis o l 'a l l  s i tcs (correspout l ing S)ste lns

a rc  ne \ t  t o  s i t c  na r r cs ) .
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analys is  ( f ig .  l  8  and table 8) ,  the authors used a
presence/absence matrix in a similarity clustcr
analysis to compare mid-Cenozoic lbrtnations.
The variables used ir, the rnatrix are diverse in
nature: presence of a sediment type, an aquatic
plant, an aquatic vertebrate and the presencc at

dil l-erent taxonomic leve ls (order, far.nily. genus

and species) of aquatic invertebrates, amphi-
bious vertebrates. terrestrial invertebrates and
terrestrial vertebrates. One of the assumptions
of  mul t ivar iate analyses is  that  each var iable is
g iven the same weight .  This  rncans that  a l l
variables should be equal and is why rnultivariate
ana l yses  a re  more  conven t i ona l l y  used  to

compare morpholnetr ic  ntcasurements or  to
compare assemblages using taxa at the same
taxonomical level (Etter 1999, Hamrr-rer 2002.
Hamrner & Harper 2006). The variablcs r-rsed in
the anaf ysis of Megirian et tt l. are unlikely to be
o f  eq r - ra l  va lue  and  the  resu l t s  g i ven  a re
unsr-rpported.

In the second analysis (Megirian et tt1.2004.
tig. 20). data are used fiorn MLrrray & Megirian
(2000) to c luster  e ight  Rivers le igh s i tes (D,  Wt l ,
MM, NG CS. Ina,  Gag arrd HH).  The samplc s ize
of the siles rangcd liom eight tara (CS) to two
taxa (MM). The size of sample is lor'v because all
unique species were removed lionr the data set.
Etter ( 1999) recornmends leaving rare spccies irr
the data set  because these species nray '  be
characteristic of the santple. In Megirian cl a1.
(2004 ) "  a l l  t he  s i t es  c l us te red  acco rd ing  to
Svsten-rs cxcept MM (Systern B) which clttstered
w i th  D  and  WH (Sys te rn  A ) .  The  a t t t ho rs
concluded that  the Rivers le igh s i te  assemblages
might  be d iachronous and d isnt issed the ut i l i ty
o1' the Sl,stems nomeltclature. Ho*'ever" t l-tose
autirors clici not consicler the l ikelihood that their'
rcsults could bc underminccl by' loil 'sarttple sizes.
In our  analys is .  MM's l?  tnauuta l  taxa werc
inc lLrded.  s ix  t iures t . t tore than in thc Megir ian c l
ol . (2004) analysis, anc'l M M alu'avs clusters u' ' i th
Systern B sites (in the cight matrlttal laxa or lttorc
ana l ys i s ) .  Moreove r .  r ecen t  cxcava t l ons  a t
Riversleigh have demonstrated that that CS and
MM sites arc confluent attd are almost certainly
part of-the sarre deposit.
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Revision of the "Systems"

Arclrer et crl. ( l 989) defined the "Systems" as
regional ly  c lustered s i tes that  appear to be
superpositionally-related and/or spacc-rclatcd.
A "system" is also a stratigraphic analoguc of
the chronological  tenn "per iod" .  To avoid
corrfusion, Arena (2004) proposed using two
tcrms to describe Riversleigh sites rather than
"Systern": the launal concept of System A, B
and C would be replaced by "Faunal Zone" A, B
a n d  C  a n d  t h e  g e o l o g i c a l  c o n c e p t  b y
"Depositional Phase" A, B and C. Arena (2004,
2005) also fbund that Riversleigh deposits could
bc in tcrprctcd as having been fbrmed and
modi f icd dur ing successive stages o l '  karst
dcvclopment divided into lbur phases. Encore
Sitc is rcfened to by Arena (2004, 2005) as Faunal
Zone D and Depositional Phase D.

The resr-rlts of our analyses (using the data

ALCHERINGA

fiom sites with eight mammal taxa or more) show
at least three distinct groups (sometimes four
with E,ncore separate) and theretbre supports
the hypotheses and concept ol Faunal Zones.
The diagnostic characters ol each faunal zone
have  ye t  t o  be  de f i ned .  As  a  p re l im ina ry
description, sites with eight mammal taxa or more
can bc uscd as diagnostic sitcs for cach Faunal
Zonc. D and WH arc rcprcscntativcs of Faunal
Zone A, CR, CS, DT. lna, MM, NG, RSO, U and
WW are representatives of Faunal Zone B, COA,
Gag, HH, JC, KCB, LM, Ring and Wang are
representatives of Faunal Zone C and En is
representative of Faunal ZoneD. Taxa unique
to a Faunal Zone. and those fbund in two or
more Faunal Zones are l istcd below. For single
occurrcnccs oftaxa, sitcs namcs arc givcn aftcr
thc narrc ofthc taxon in brackcts. Taxa that arc
not found in thc diagnostic sitcs but arc found
in othcr sitcs arc in oarenthescs.

t o a o ( o t o a o o r J L / L , , r J u u u u c 0 l 0 d

= ;
- r - '  = r : i i J

a,

a ' l r r =
L L : ; a : : t

, l  )  t r  , -  F  t r  1
I I : I L i

s
I T
ijr I

Fig.  2-1.509. i ,  nrajor i ty-ru lc conscnsus of  156 t rccs of thc unordcrcd analysis of  s i tcs * ' i th t l  r lanrrra l  taxa or  nrorc
(corrcsponcl ing Svstcrrrs arc shou,n ncxt  to s i tcs) .
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Taxa fbund in Faunal Zone A only:
Bodjicintrs nrrnhulli (WH), Krlcrintia ngama
(WH), (Namilontacletct sp. cf. N. ulbivenator),
( N gapu k a ld io sp.), (S i lv a b e s t itr s nt ic ha e I b i rt i),
(S i lvu hes t itrs j o h n n ilund i). S ilva hest itrs sp. ( D),
(Maruda arcanum), Gonav'amava uedic'uli 's
(WH) ,  B t t l ho roo  sp .  3  (WH) ,  Gc r l ana r l u
tessellata, Wntroo duvumar-i (WH), Nambaroo
ct.nperi (WH), Nanboroo sp.8. Nov'idgee sp.2
(WH), Gumordee pa.scuali (D)

T a x a  f o u n d  i n  F a u n a l  Z o n e  B  o n l Y :
Wabt t lac inus r ic le i  (CS),  Ngrz izulac i r tus
tirnmulvoneyi. Dasyuridae genus indet. sp. I (U),

Dasyuridae genus indet. sp. 2 (U), Dasyuridae
genus indet .  sp.  3 (U),  Dasyur idae genus indet .
sp.  4 (U),  Notoryct idac new genus new sp. ,
P e r a m e l e r . n o r p h i a  l t c w  g e n t l s  2  s p . 2 .
P e r a m e l e m o r p h i a  n e w  g e n u s  2  s p . 3 ,
P e r a r n e l e r n o r p h i a  n e w  g e n u s  5  s p . 2  ( U ) ,
(L i tokn lo ga ryi o hns to n i), Phascolarctidae new
genLls new sp.. Thylacoleonidae new genus new

s p .  ( N G ) ,  V o r n b a t i d a e  g e n u s  I  s p .  l ,

N u nr i |a mttde tu sp. ( U ), P a lj a ro nt ur bo u rke i (CS),

Puljartt tirarensae (WW), Guv'inga oronaea.
'!D.i i lgcrringa sp. (U), Wvultlu ctsherioeli.
Phalangeridae new genus I sp. 3, Ektopodon
sp. c[-. L-. serrotlts,Clhunia sp., Ektopodontidae
new genus new sp.. Durttclav'ir i inttsitaltrs,
D t r r u d ct v, i r i u n./i' tt c t u s, () a n a v, am uy o o r n o t e
(WW), (iancrv'at'nctl'o ucris, Gonctwumat'a sp. 4
(CR) .  (Wt r t ' un t c t  sp .  3 ) ,  N t rmburoo  sp .2 ,
Nuntbt t roo sp.  4 (WW),  Numburoo sp.  6,
Numbaroo sp. 7 (U), (Bultrngtutttt,-rt sp. cf'. B.

del ic : t t tu) ,  (Ganguroo sp.  c f .  G.  h i l t tmina\ ,
Wakiet 'uk ie lov 'soni  (U) .  Yi  ngt thulunarct
richardsoni

T a x a  f b L r n d  i n  F a u n a l  Z o n e  C  o n l Y :
Mox i m u c' i nus mtt i rhe udcte ( Ring), Mu r i hac inus
g u tl i .t, u I i. T hy I ac i n i d a e cl '. M u t 7t u r o c i n tt.s
u r c h i b tt I t l  i  (J J ), . l  o c' u I u s i tt m nrtt i ztt rt i  (Gag),

Dasyuromorpl . r ia  new genus l te \v  sp.  (Gag),

Perameler.norphia new genus 5 sp. l. Litokoula
kutjamarpens i.s, (Litokoulu new sp. l), Wokcrleo
olcllieIdi, N imbudon Iut urtrc'korum, Neohelos
sp. A (COA), Naohelos .vtit ' toni. (Neohelos sp.

C),Pseudochirops sp. I (and En), Psettdochirops
sp .  2  (HH) ,  Pu l j a ra  sp .  I  (Gag ) ,  Mar lu
kutjarnarpensis, Murlu sp. 2 (JC), Murltr cf . sp.
3. Marlu sp.4, Pildra sp. l, Pildra sp. 3 (Gag),

Pildra sp.4 (LM), Pseudocheiridae new genus 2
sp. 2 (Cag), " Str igct c us cu s" re i d i, " Tr i c: h os uru s"

c l icksoni .  Phalanger idae new genus 1 sp.  2
(KCB) ,  (Pha lange r i dae  new genus  3  sp .  l ) ,
B u I b a nxt sp. 4, E ka I t a d e t a.j a nt i e mu lv o n ey i (and

En),  Bet tongicr  nto l 'es i i ,  Ganguroo sp.  2,
Wanburoo  h i l u ru . s ,  Wunburoo  sp .  2 ,
Yalkupuridon .jonesi

Taxa fbund in Faunal  ZoneD (En) only :
Thylacintrs sp. cf'. I. mucknessi. Ganbtrlanyi
clj a d.i i n gu I i, Ma.v igr ip h us ct rb u s, P ha s c o I a rc t o s
sp.. Wakaleo vuntlerleueri, Wcrrendjtt sp. 1,
Pu lo rches tes  annu lus .  Neohe los  sp . ,
T r i chosu rus  sp . ,  Gang t r roo  new sp . ,
Rhizosthenurus . f lanner l , l .  Marsupia l ia  new
geuus sp. 2

Taxa found in Faunal Zones A and B:
Wakoleo new sp. l. Namilctmadettt ttlbivenator.
1,,[ a nt i I a m ttd e ta c ra s s i ro s tru nt, lV ga p a ka I d i u
bon.t:/honi. Marlu sp. l, Bulbaroo gregoriensis,
Nambttrco sp. 3, Nambaroo sp. 5, Wttbtrluroo
naughtoni. Yalkapuridon coheni

T a x a  f o u n d  i n  F a u n a l  Z o n e s  B  a n d  C :
O b tltt r o d o n d i t: k.s o n i, T h.y, I o c: 1 r r.t m o c' k n e s s i,
B ct r i n.t: tt t y ct n gcr I a, Perame I emorph i a new genus

I  sp.  l  .  Perameleuorphia new genus 2 sp.  l ,
P e r a m e l e m o r p h i a  n e w  g e n L r s  3  s p .  l .
P e r a m e l e m o r p h i a  n e w  g e n u s  4  s p .  l .
Peramelemorphia new genr.rs 4 sp. 2, I 'artt ltr
hu rc' h / i e I tt i, P r i s c i I e o ros k g I 1.1: d e. Vombatidae
genus 2 sp.  1,  Propolor t :he.s les novac ' t t lu-
cephul t rs ,  C 'er t 'or te/us new sp. .  Pt t l iuru
nanc:vhu.t'v'ttrdue, Murltt sp. 3, Pildro sp. 2,
Djoludjungi ):udjunu, Djilgaringo gille.spieue.
Phalangcridae new genLls 1 sp. l, Phalangericlae
new genus 2 sp.  2.  Wururoo sp.  2.  I { .y 'ps i -
p r.r, nt n o do n h o r t h o I o m u i i, [ [1' p s i p r.t' tn n rt d tt n
ne\ \  sp. .  G(t t tg tu ' ( ) ( )  h i  la t t t i t t t t

Taxa fbund in Faunal Zones A. B and C:
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N i m b u c i n tt s d ic: ks o n i. N i tn i o ko a lu grey s to n es i,

R h izo p h a s co lo n tr s c'  row,c' ro.f t  i ,  N eo h e los

l irarensis, Pseudocheir idae new genus 2 sp. l ,

Phalangeridae new -sienus 2 sp. I  .  Balburoo

/Ltngaroo, Nowidgee ntulr ir ,  Bulungamava

delicttta

Taxa fbund in Faunal Zones A, B, C and D:

Btrrraml-s brutyi, E ka ltadeta i ma

Conclusions
The fbur hypotheses tested were supported in
th is  s tudy,  ind icat ing that  Rivers le igh s i tes
accumulated fbssils at different periods of t irrc
and  du r i ng  1 ' ou r  rna in  t huna l  i n te rva l s
characterisable as Faunal Zones (scnsrr Arena
200,1, 2005) A (oldest), B. C and D (youngest),
which are sequent ia l  in  t ime.  Faunal  Zone A
correlates with Ngama LF and Faunal Zone C
c o r r e l a t e s  w i t h  B u l l o c k  C r e e k  L F .  T h e
biostrat igraphic posi t ion of  Kut jamarpu LF
remains ambiguous based on current data.

Thc small sample size fbr most sites was a
limitation for all techniques and a possible source
of  error  in  assessing s i te  s i rn i lar i ty .  Using s i tes
with eight mamrnal taxa or nrore in the analysis
reduced or possibly even removed this l imitation
and error. The latter sites were used to produce a
preliminary description of each Faunal Zone.
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APPENDIX

Bullock Creek Local Fauna:
-lVintbacinu.v ric:hi
Mtrtptr rac in trs arc h i b a I tl i

-lVimbudon whitelav:i

,lVeohelos stit'toni

,P ropu lo rches tes nova cu I o c ep h u I Lts

,Wakaleo vlnderleueri

,B a I bo roo (:o mpfi e lLlens t s

,N a m baroo bu I loc' kens i s

Kutjamarpu Local Fauna:

,Ankotarinja sp. A

,Ankotarinia sp. B

,Keeuno sp.  A
.Wakamatha tasselli
.Dasyuridae genus A sp. B
. Peramelemorphian sp. A
. Peramelernorphian sp. B
. Peramelemorphian sp. C
. Peramelemorphian sp. D
Peramelernorphian sp.  L

,L i  !  r  tk t  tu lu k t  r  t j  r t  t t  tu t '1 t< ' r  t . t  i . t

,N e o h e lo.s / irct re ns i.s

,Wakaleo old/ieldi

,Rh iz op h a s co I o nu s c rov-c ro fi i

,Burramyid sp.  A

,Burrarry id sp.  B

,Pul.jara tiruren,sae

,Murltr ku tj umarpen s i.s

,Pildra tertius

,E k t opo cl o n .t e rcu tLt.\

,,E kto;;o do n I i t o I op hu.s

,Balbcrroo sp. A

,Balbaroo sp. B
.Namburoo sp. D

,BulLrngumut./ sp. A

,Ru lttn gctnt ct-t./ sp. B

,Wa k iewa k i e I crv,s ott i

,Pinuroo sp. C

,Macropodine genus W sp.  A

Ngama Local Fauna:
. ( )hJt rntJ, t t r  sp.  c l .  O.  t rs ignrr

.D ct sy lv v 1,r.1 r, ko ku m i n o I cr
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.Peranrelemorphian sp. B

,Litokoalu sp. cf-. L. kutiontarpensls /previously
narned kanunkuen.s is)

,Ktrterinlfa nglm(t

,B u r ra m.v- s w o keJi e I d i

,Marltt sp. cl-. M ktrtiamar;;ensis

,Pildro magnus

,Ektopodon slirtoni

,Namboroo sp. B

.Bulunguntal'd sp. A

,Pinttroo sp. B

,Purt io  sp.  A

I  Rich et  a/ .  l99 l
2 Pledge pers. comrn. 2005
3 Woodburne et  a\ .1994
4 Schwarlz & Megirian 2004
5 Muray & Megirian 2000
6 Long et a\.2002
THand  e ta l . 1993
8 Murray et a|.2000


