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SI Materials and Methods 
 
I .  Computations of methane emissions for mammals.  
We provide additional information and data tables for our analyses. For the Rinderpest 
epidemic, our total herbivore input included all extant wildlife (with removal of American Bison 
see below) including introduced populations and the time specific domestic animal estimate 
(Table S1).  For the American Bison reduction (Table S2), our total herbivore input included all 
extant wildlife (non-introduced populations), the time specific domestic animal estimate, 
historic animals that went extinct after 1870, and an increased bison population of 30 million 
individuals corresponding to what used by Kelliher and Clark (S1). For the End-Pleistocene, our 
total herbivore input included all extant wildlife (non-introduced populations), all historical 
species, and the allometric American Bison estimate (Table S1). Because this predated 
domestication of wildlife, no livestock were included. For both the modern and 1800s, we 
included the corresponding domestic animal estimates, extant wildlife and introduced species.  
 
I I .  Analysis of methane f luctuations over the late Quaternary 
Atmospheric methane concentration has fluctuated considerably over the late Quaternary. If 
the extinction of the megafauna contributed to the observed drop in atmospheric methane just 
prior to the Younger Dryas cold episode (YD), we would expect to see a difference between 
this event and previous methane drops as recorded in the ice core record. To evaluate this 
prediction, we used a moving window analysis and compared the slopes of the relationship 
between atmospheric methane concentration and time over 1000 year intervals across the 
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entire extent of each ice core record.  We constrained our analyses to a 1000-yr window, which 
is the approximate length of both the YD and the extinction event.  Note that using a 
standardized temporal window is essential in the comparison because process rates are not 
independent of measured time interval; the shorter the time interval between the values, the 
higher the perceived rate. Indeed, Smith et al. (S26) found a highly significant relationship 
between the computed rate of change in atmospheric methane and the temporal duration of 
the analysis (R2=0.516, P<0.000, df=306), demonstrating that unconstrained temporal 
comparisons are statistically unsound. The solution to the non-independence of rates and 
temporal interval is to employ standardized time intervals for comparisons, as we have done in 
our manuscript. Here, we employ four different ice cores, which vary in geographic location 
and in the length and resolution of methane data available: 1) the high resolution NEEM core 
from Greenland (S27), which extends from 107.7 to 9.5 ka; 2) the GISP2 core from Greenland 
(S28), which extends from 109.6 – 9 ka; 3) the EPICA Dome 3 core from Antarctica (S29, S30), 
which extends from 800-2.8 ka; and 4) the highly resolved 2015 WAIS core (S39-41). The 
window was set to the starting age of the core and an ordinary least squares regression 
between CH4 concentration and age was calculated. Time was incremented by 100 years and 
the relationship calculated for the next 1000-yr interval. This process was repeated across the 
entire temporal span of the core to capture all fluctuations in methane. Because we were 
interested in determining if the drop in methane just prior to the YD was significantly different 
from other drops in methane, we focused on decreases in methane concentration. We only 
include intervals that contain at least 5 measurements within the 1000-yr bin, which allows us to 
compute a statistically justified slope. However, our results are unchanged even when relaxing 
this restriction and using as few as 3 values to characterize the regression line. The mean slope 
for each core was statistically compared to the slopes for the EX/YD using Mann-Whitney U 
tests. 
 
We identified intervals during the time period of interest, which begins with the approximate 
start of the extinction of the megafauna (EX, ~13.4 ka) and the YD (duration 12.8-11.5 ka).  We 
compared the slopes of the methane decrease during the EX/YD to all other drops in the ice 
core record over the late Quaternary (Table S3).  In all cases, the slopes during the EX/YD 
interval were significantly higher (~4-10 times) than all other drops (Table S3; Figs. S1-S4). For 
the EPICA Dome 3 core (S29, S30), the slopes within the EX/YD interval (13-11.5ka) averaged 
0.21, which was significantly higher than the average slope of 0.03 for all other drops (Table S3; 
Fig. S3). The NEEM core (S27) had an average EX/YD (13.3-11.9) slope of 0.21, which was also 
significantly higher than the slope of 0.03 for all other time periods (Table S3; Fig. S1). The 
GISP2 core (S28) had an average EX/YD slope (13.2-12 ka) of 0.21, which was again statistically 
higher (~4 times) than the slope of 0.05 for all other intervals (Table S3; Fig. S2). The WAIS core 
(S39) had an average EX/YD slope (13.5-12 ka) of 0.24, which was statistically higher than the 
slope of 0.02 for all other intervals (Table S3; Fig. S4). The slight differences in the definition of 
EX/YD for each core were a function of sampling intensity; if insufficient samples existed to 
compute a slope (N<3, or N<5; see above), a time interval was necessarily excluded. The 
strong concordance from four different cores varying in their resolution, duration and 
geographic location suggests that there was indeed something unique underlying the rapidity 
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of the drop in atmospheric methane concentration immediately following the extinction of the 
megafauna. 
 
Finally, although using two adjacent values to calculate the largest changes in methane is a less 
robust way of characterizing trends in atmospheric concentration over time, we can use this 
simplistic technique with the WAIS 2015 core because it is reported in standardized 2 year 
intervals for the time period from ~10-36 ka. Thus, for all adjacent time periods, we calculate a 
simple rate and examine these over time; none are as high as those found during the Younger 
Dryas interval (Fig. S5). 
 
I I I .  Assessing the consequences of the LP extinction and methane decrease on 
cl imate 
 
Ice core records reveal atmospheric methane concentrations have fluctuated from 10-30 ppbv 
per 1°C rise in global mean temperature (mean ~20 ppbv; S35). Thus, empirically, the 185-245 
ppbv CH4 drop just prior to the Younger Dryas (S5) is associated with a temperature shift of 9-
12°C. However, the potential role of methane in these temperature shifts is unclear. Changes in 
global average methane concentration can be related at an approximate level to the 
downward steps in emission. However, because the influence of methane on climate is non-
linear, precise estimates of radiative forcing are dependent on the concentration and 
atmospheric chemical state over which the computation is conducted. Further, methane has 
non-linear indirect effects on other important greenhouse gases (including water vapor), 
leading IPCC to recommend that the “contributions of individual gases must not be judged on 
the basis of concentration alone” (IPCC Chapter 2. Radiative forcing of climate). Thus, there is 
not a simple connection between a change in atmospheric CH4 concentration and climate. 
Ideally, we would run simulations using a well-characterized earth system model to assess the 
effect of the loss of megafauna on climate during the late Pleistocene. Because this is not a 
viable option, we construct the following thought experiment based on simplistic atmospheric 
budgeting. However, our results should be considered a minimum estimate of the effect of the 
loss of megafauna on climate during the late Pleistocene and interpreted with some caution.  
 
Our computation is based on atmospheric budgeting by Warneck (S31) and Seinfeld and 
Pandis (S32). While the overall tropospheric carbon cycle is enormously complex, methane 
exists in a state of intermediate atmospheric stability. With a residence time of about a decade, 
CH4 is sufficiently long lived to mix between the hemispheres, but simultaneously it is removed 
rapidly enough that useful steady states may be computed. Oxidation rates are controlled by 
gas phase chemical feedback loops such that they are fairly well buffered over the late 
Holocene (levels of the detergent hydroxyl radical, OH, are roughly constant; S33). A single 
differential equation can be used to describe time dependent global behaviors. 
 
(1) !" !" = ! − ! 1 ! ! 
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This represents a global average, or else nearly identical situations north and south of the 
equator with a 1-yr exchange time operating between them. A global solution is 
 
(2)       ! = !!!!! ! + (!") 1 − !!! !  
 
where M is the atmospheric mass CH4 burden in Tg; P is the surface integrated production in 
Tg yr-1; and τ is the oxidation or removal lifetime in years. Decay of some initial mass value and 
grow-in of the new steady state are both quite apparent in this form. Since τ = ~12 years, a few 
decades suffice to reestablish steady state and the target value is  
 
(3) !" !" = 0!!"!! = !" 
 
Relative importance of megafauna to climate can be assessed through back of the envelope 
arguments. Working from the atmospheric chemical balance we can relate burden to 
concentration to changes in the mole fraction. The parameter, c, represents the constant 
conversion factor from total mass M to atmospheric mole fraction x. For a step function in P, 
followed by rapid equilibration, the change in mole fraction can be computed as follows: 
 
(4) ! = !!"#; !thus, ∆! = !∆!!;!"#ℎ!∆! ! = ∆! !; !ℎ!"!∆! = ∆! ! ! 
 
Note that mass and time units cancel. Finally, we scale to the CO2 greenhouse effect and its 
net forcing (S32). Paleoclimate studies suggest that a doubling of CO2 leads to a global 
average of 5oC warming (up to 6.8 oC) in earth surface temperature (S34), somewhat higher 
than predicted for modern anthropogenic changes. Using late Pleistocene values of CO2 of 
~190 ppmv, a doubling from 190 to 380 ppmv leads to: 
 
(5) 2 !"! = +5!C, !"!0.026!C!!!"#!!"!!! 
 
Using a range for the standard global warming potential (GWP) of methane relative to carbon 
dioxide from the IPCC (S36) of 34 for 100-yr and 86 for 20-yr time horizons, adjusting units to 
mole fractions from kg and making the simplifying assumption that temperature changes are 
proportional to forcing (S34), we can define the relationship, r, between temperature and 
atmospheric methane mole fraction as follows: 

 (6) ! = 0.026!C!!!"#!! !"! !×!!"#
!!!!!!"#!! !"!
!!!!!!"#!! !"!

= 0.33!!"!0.82!C!!!"#!!"!!!!
 
This assumes linearization of results from global radiative steady state models. For the late 
Pleistocene (LP) extinction event, using values from Table 2, equation (4) and the 100-yr GWP, 
we estimate the temperature drop associated with the reduction in enteric emissions as: 
 

(7) ∆! = !! ∆!
! !!" = 0.33!C!!!"#!!"!!! !!".!!!"!!"!!"!!

!""!!"!!"!!"!!
0.70!!!"#!!"! = !−0.08!C 
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the 20 yr-based GWP yields: 
 

(8) !∆! = !! ∆!
! !!" = 0.0.82!C!!!"#!!"!!! !!".!!!"!!"!!"!!

!""!!"!!"!!"!!
0.70!!!"#!!"! = !−0.20!C 

 
These estimates of temperature decrease are global; regional values may have been 
considerably higher, particularly in northern latitudes (S37). 
 
We recognize that our computation is overly simplistic in several major ways. Generally 
speaking, the balance of energy in the climate system is expressed as: 
 

(9) !
! ! 1−∝ = !"!! 

 
where the one quarter derives from the surface to cross section ratio of the planet, S is the 
solar constant input from space (taken as 1350 Wm-2), α is the average albedo of the surface, T 
represents global average surface temperature (K), and G is a grey body term, which adjusts 
the overall outgoing Planckian behavior of the planetary surface for atmospheric absorption 
plus re-radiation (related to emissivity; S32). The albedo can be thought of as a fixed 
description of ice, low cloud and land reflectivity. The grey term summarizes infrared trapping 
including high clouds by gathering all greenhouse effects together. The ratio of methane heat 
trapping to that of carbon dioxide will depend somewhat on the average CO2 level, since this 
defines infrared band saturation. Our computations assume linearity and ignore important 
teleconnections and feedbacks in the Earth climate system.  
 
Many feedbacks are indirectly associated with the megafauna extinction. For example, the 
decline of mammoths in northern latitudes at around 15 ka, appears to have led to a major shift 
in vegetation and a corresponding change of surface albedo, which may have reduced global 
climate by 0.2oC and regionally by up to 1oC (S37). But this study may have been conservative 
because it focused on the influence of a single species (mammoth) in a particular biome. Land 
surfaces cover half the Northern Hemisphere, which in turn constitutes half the area of the 
globe. If the extinction of megafauna led to more widespread vegetation shifts as is likely (S38), 
albedo may have been altered even more. Thus, we underscore that the radiation effects of the 
reduction in enteric emissions are not the only means, and perhaps not the major means, by 
which megafauna likely influence(d) climate. Further, the loss of large megaherbivores may 
have had transformative effects on fire, which also may have contributed to climate shifts (S38). 
Clearly, this is an area that would benefit from more investigation. 
 
 
   



!
6!

T
ab

le
 S

1
. In

fo
rm

atio
n

 ab
o

u
t sp

e
cie

s u
se

d
 in

 an
alysis. These values are b

efore ad
justm

ent for d
eg

ree of hab
itat loss 

(urb
anization; see m

ethod
s in text). List of sp

ecies and
 continent extracted

 from
 M

O
M

 v4.0 (S2), d
ig

estion typ
e (foreg

ut FG
 or hind

g
ut 

H
G

) w
ith reference, b

od
y m

ass (S2), sp
ecies-sp

ecific p
er cap

ita m
ethane p

rod
uction is b

ased
 on eq

uations p
resented

 in text (S3), 
anim

al d
ensity is orig

inal eq
uation from

 D
am

uth (S4), g
eog

rap
hic rang

e is from
 Sm

ith et al. (S5), m
ethane p

rod
uction p

er year and
 

suscep
tib

ility to rind
erp

est from
 (S6, S7). Sp

ecies in b
lack text are extant, those in b

lue text are extinct, sp
ecies in g

reen are historic 
extinctions d

uring
 the 1800s and

 sp
ecies in red

 are introd
uced

 p
op

ulations starting
 around

 1875. M
acrop

od
id

ae p
rod

uce m
uch less 

m
ethane for their size g

iven their d
ig

estive m
icrofauna; their m

ethane outp
uts w

ere red
uced

 b
y 70%

 (S8, S9). B
ison b

ison have tw
o 

sets of values; those estim
ated

 from
 our allom

etric scaling
 ap

p
roach (see b

elow
) and

 those p
op

ulation estim
ates d

irectly ob
served

 
d

uring
 their erad

ication (S1) (Tab
le S2).  Rind

erp
est suscep

tib
ility w

as taken from
 (S8) and

 up
d

ated
 w

ith (S9) for G
azella thom

sonii, 
Trag

elap
hus ang

asii, Trag
elap

hus b
uxtoni, and

 G
iraffa cam

elop
ard

alis.  For sp
ecies not d

irectly listed
 in (S8), w

e assig
n the low

est 
suscep

tib
ility w

ithin the g
enus and

 or fam
ily. D

om
estic anim

al m
asses are taken from

 the U
niversity of M

ichig
an’s M

useum
 of Zoolog

y 
(S10); rind

erp
est suscep

tib
ilities are from

 the W
orld

 O
rg

anization for A
nim

al H
ealth (S11). W

e used
 the p

rop
ortion of w

orld
 d

om
estic 

anim
als found

 in A
frica from

 1961-1981 to g
enerate estim

ates for the num
b

ers of ind
ivid

uals in A
frica from

 our hind
-casted

 d
om

estic 
estim

ates for the ep
id

em
ic. For the late Pleistocene, w

e also used
 an up

p
er q

uantile reg
ression on D

am
uth’s d

ata (S4) to p
rovid

e a 
‘correction’ for hum

an im
p

acts on anim
al d

ensities (see m
ain text for eq

uations). W
hile this relationship

 still includ
es p

ost-hum
an 

effects, it g
ives m

ore w
eig

ht to those ecosystem
s w

ith hig
her d

ensities, and
 p

resum
ab

ly low
er anthrop

og
enic im

p
acts. H

ere, w
e rep

ort 
estim

ates b
ased

 on the orig
inal eq

uation, w
hich w

as used
 for all tim

e p
eriod

s b
ut the LP. 

 

A
re

a 
O

rd
e

r F
am

ily G
e

n
u

s S
p

e
cie

s 
D

ig
e

stio
n

 
typ

e
 an

d
 

citatio
n

 

M
e

an
 

lo
g

 
B

o
d

y 
M

ass 
(kg

) 

p
e

r 
C

ap
ita 

M
e

th
an

e
 

(kg
C

H
4 

N
-1yr -1) 

D
e

n
sity 

(N
.km

-2)  

R
an

g
e

 
(km

2) 

M
e

th
an

e
 

E
m

issio
n

 
p

e
r ye

ar 
(Tg

C
h4yr -1) 

R
in

d
e

rp
e

st 
su

sce
p

t. (v)  

A
F 

A
rtiod

actyla B
ovid

ae A
d

d
ax 

nasom
aculatus 

FG
 S12 

1.85 
9.36 

3.95 
2.49E+

06 
0.09 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae A
ep

yceros 
m

elam
p

us 
FG

 S12 
1.72 

6.92 
4.90 

2.35E+
06 

0.08 
0.5 

A
F 

A
rtiod

actyla B
ovid

ae A
lcelap

hus 
b

uselap
hus 

FG
 S12 

2.23 
24.42 

2.02 
3.01E+

06 
0.15 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae A
m

m
od

orcas 
clarkei 

FG
 S13 

1.45 
3.64 

7.84 
2.06E+

06 
0.06 

0.25 



!
7!

A
F 

A
rtiod

actyla B
ovid

ae A
m

m
otrag

us lervia 
FG

 S13 
1.68 

6.31 
5.24 

2.30E+
06 

0.08 
0.05 

A
F 

A
rtiod

actyla B
ovid

ae A
ntid

orcas 
m

arsup
ialis 

FG
 S12 

1.50 
4.09 

7.18 
2.11E+

06 
0.06 

0.5 

A
F 

A
rtiod

actyla B
ovid

ae B
os taurus 

FG
 S12 

2.95 
156.40 

0.58 
4.26E+

06 
0.39 

0.95 

A
F 

A
rtiod

actyla B
ovid

ae C
ap

ra ib
ex 

FG
 S12 

2.00 
13.83 

3.00 
2.69E+

06 
0.11 

0.05 

A
F 

A
rtiod

actyla B
ovid

ae C
ap

ra nub
iana 

FG
 S13 

1.90 
10.64 

3.60 
2.56E+

06 
0.10 

0.05 

A
F 

A
rtiod

actyla B
ovid

ae C
ap

ra w
alie 

FG
 S13 

2.00 
13.68 

3.02 
2.69E+

06 
0.11 

0.05 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus ad

ersi 
FG

 S13 
0.97 

1.22 
18.01 

1.63E+
06 

0.04 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

callip
yg

us 
FG

 S13 
1.26 

2.36 
10.82 

1.88E+
06 

0.05 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

d
orsalis 

FG
 S13 

1.30 
2.59 

10.10 
1.92E+

06 
0.05 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

harveyi 
FG

 S13 
1.16 

1.89 
12.85 

1.79E+
06 

0.04 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

jentinki 
FG

 S13 
1.85 

9.36 
3.95 

2.49E+
06 

0.09 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

leucog
aster 

FG
 S13 

1.10 
1.66 

14.20 
1.74E+

06 
0.04 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

m
axw

ellii 
FG

 S13 
1.08 

1.57 
14.81 

1.72E+
06 

0.04 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

m
onticola 

FG
 S12 

0.80 
0.85 

24.16 
1.50E+

06 
0.03 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

natalensis 
FG

 S12 
1.08 

1.57 
14.81 

1.72E+
06 

0.04 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus nig

er 
FG

 S13 
1.31 

2.64 
9.95 

1.92E+
06 

0.05 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

nig
rifrons 

FG
 S13 

1.14 
1.81 

13.27 
1.77E+

06 
0.04 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

og
ilb

yi 
FG

 S13 
1.30 

2.59 
10.10 

1.92E+
06 

0.05 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

rub
id

us 
FG

 S13 
1.18 

1.95 
12.53 

1.80E+
06 

0.04 
0.25 



!
8!

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

rufilatus 
FG

 S13 
1.08 

1.57 
14.81 

1.72E+
06 

0.04 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

silvicultor 
FG

 S13 
1.86 

9.72 
3.84 

2.51E+
06 

0.09 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

sp
ad

ix 
FG

 S13 
1.75 

7.41 
4.67 

2.38E+
06 

0.08 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus 

w
eynsi 

FG
 S13 

1.23 
2.20 

11.41 
1.85E+

06 
0.05 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
ep

halop
hus zeb

ra 
FG

 S13 
1.24 

2.27 
11.16 

1.86E+
06 

0.05 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae C
onnochaetes 

g
nou 

FG
 S12 

2.26 
25.83 

1.94 
3.04E+

06 
0.15 

0.95 

A
F 

A
rtiod

actyla B
ovid

ae C
onnochaetes 

taurinus 
FG

 S13 
2.26 

25.83 
1.94 

3.04E+
06 

0.15 
0.95 

A
F 

A
rtiod

actyla B
ovid

ae D
am

aliscus hunteri 
FG

 S13 
1.90 

10.78 
3.57 

2.56E+
06 

0.10 
0.5 

A
F 

A
rtiod

actyla B
ovid

ae D
am

aliscus lunatus 
FG

 S13 
2.13 

19.04 
2.40 

2.86E+
06 

0.13 
0.5 

A
F 

A
rtiod

actyla B
ovid

ae D
am

aliscus 
p

yg
arg

us 
FG

 S12 
2.01 

13.97 
2.98 

2.70E+
06 

0.11 
0.5 

A
F 

A
rtiod

actyla B
ovid

ae D
orcatrag

us 
m

eg
alotis 

FG
 S12 

1.01 
1.35 

16.67 
1.66E+

06 
0.04 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae G
azella cuvieri 

FG
 S13 

1.40 
3.24 

8.54 
2.01E+

06 
0.06 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae G
azella d

am
a 

FG
 S12 

1.86 
9.79 

3.82 
2.51E+

06 
0.09 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae G
azella d

orcas 
FG

 S12 
1.36 

2.98 
9.09 

1.97E+
06 

0.05 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae G
azella g

azella 
FG

 S13 
1.35 

2.91 
9.24 

1.96E+
06 

0.05 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae G
azella g

ranti 
FG

 S13 
1.74 

7.27 
4.73 

2.37E+
06 

0.08 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae G
azella lep

toceros 
FG

 S13 
1.35 

2.87 
9.34 

1.96E+
06 

0.05 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae G
azella rufifrons 

FG
 S13 

1.43 
3.50 

8.06 
2.04E+

06 
0.06 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae G
azella 

soem
m

erring
ii 

FG
 S13 

1.60 
5.22 

6.00 
2.22E+

06 
0.07 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae G
azella sp

ekei 
FG

 S13 
1.30 

2.59 
10.10 

1.92E+
06 

0.05 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae G
azella thom

sonii 
FG

 S13 
1.31 

2.65 
9.91 

1.93E+
06 

0.05 
0.75 

A
F 

A
rtiod

actyla B
ovid

ae H
ip

p
otrag

us 
eq

uinus 
FG

 S12 
2.43 

40.33 
1.43 

3.31E+
06 

0.19 
0.5 



!
9!

A
F 

A
rtiod

actyla B
ovid

ae H
ip

p
otrag

us nig
er 

FG
 S12 

2.36 
33.39 

1.63 
3.19E+

06 
0.17 

0.5 

A
F 

A
rtiod

actyla B
ovid

ae K
ob

us 
ellip

sip
rym

nus 
FG

 S12 
2.32 

30.58 
1.73 

3.14E+
06 

0.17 
0.5 

A
F 

A
rtiod

actyla B
ovid

ae K
ob

us kob
 

FG
 S13 

1.89 
10.57 

3.62 
2.55E+

06 
0.10 

0.75 

A
F 

A
rtiod

actyla B
ovid

ae K
ob

us leche 
FG

 S12 
2.04 

15.26 
2.80 

2.74E+
06 

0.12 
0.5 

A
F 

A
rtiod

actyla B
ovid

ae K
ob

us m
eg

aceros 
FG

 S13 
1.94 

11.86 
3.34 

2.61E+
06 

0.10 
0.5 

A
F 

A
rtiod

actyla B
ovid

ae K
ob

us vard
onii 

FG
 S13 

1.85 
9.58 

3.88 
2.50E+

06 
0.09 

0.5 

A
F 

A
rtiod

actyla B
ovid

ae Litocranius w
alleri 

FG
 S12 

1.58 
4.95 

6.24 
2.19E+

06 
0.07 

0.05 

A
F 

A
rtiod

actyla B
ovid

ae M
ad

oq
ua g

uentheri 
FG

 S13 
0.88 

1.01 
21.07 

1.56E+
06 

0.03 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae M
ad

oq
ua kirkii 

FG
 S12 

0.72 
0.73 

27.34 
1.45E+

06 
0.03 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae N
eotrag

us 
m

oschatus 
FG

 S13 
0.81 

0.88 
23.46 

1.51E+
06 

0.03 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae O
reotrag

us 
oreotrag

us 
FG

 S12 
1.11 

1.70 
13.95 

1.75E+
06 

0.04 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae O
ryx d

am
m

ah 
FG

 S12 
2.30 

28.98 
1.80 

3.11E+
06 

0.16 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae O
ryx g

azella 
FG

 S12 
2.23 

24.11 
2.04 

3.00E+
06 

0.15 
0.5 

A
F 

A
rtiod

actyla B
ovid

ae O
ureb

ia oureb
i 

FG
 S13 

1.24 
2.24 

11.28 
1.86E+

06 
0.05 

0.5 

A
F 

A
rtiod

actyla B
ovid

ae Pelea cap
reolus 

FG
 S13 

1.30 
2.59 

10.10 
1.92E+

06 
0.05 

0.5 

A
F 

A
rtiod

actyla B
ovid

ae Rap
hicerus 

cam
p

estris 
FG

 S13 
1.02 

1.38 
16.37 

1.67E+
06 

0.04 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae Rap
hicerus 

m
elanotis 

FG
 S13 

1.01 
1.35 

16.67 
1.66E+

06 
0.04 

0.25 

A
F 

A
rtiod

actyla B
ovid

ae Rap
hicerus sharp

ei 
FG

 S13 
0.98 

1.26 
17.65 

1.64E+
06 

0.04 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae Red
unca 

arund
inum

 
FG

 S13 
1.76 

7.68 
4.54 

2.40E+
06 

0.08 
0.5 

A
F 

A
rtiod

actyla B
ovid

ae Red
unca fulvorufula 

FG
 S13 

1.47 
3.83 

7.54 
2.08E+

06 
0.06 

0.5 

A
F 

A
rtiod

actyla B
ovid

ae Red
unca red

unca 
FG

 S12 
1.64 

5.77 
5.59 

2.26E+
06 

0.07 
0.5 

A
F 

A
rtiod

actyla B
ovid

ae Sig
m

oceros 
lichtensteinii 

FG
 S13 

2.23 
24.50 

2.02 
3.01E+

06 
0.15 

0.75 

A
F 

A
rtiod

actyla B
ovid

ae Sylvicap
ra g

rim
m

ia 
FG

 S13 
1.29 

2.52 
10.29 

1.91E+
06 

0.05 
0.25 

A
F 

A
rtiod

actyla B
ovid

ae Syncerus caffer 
FG

 S12 
2.76 

94.89 
0.81 

3.88E+
06 

0.30 
0.95 



!
10!

A
F 

A
rtiod

actyla B
ovid

ae Taurotrag
us 

d
erb

ianus 
FG

 S13 
2.83 

113.63 
0.72 

4.02E+
06 

0.33 
0.95 

A
F 

A
rtiod

actyla B
ovid

ae Taurotrag
us oryx 

FG
 S13 

2.76 
93.04 

0.82 
3.87E+

06 
0.29 

0.95 

A
F 

A
rtiod

actyla B
ovid

ae Trag
elap

hus ang
asii 

FG
 S12 

1.94 
11.73 

3.36 
2.61E+

06 
0.10 

0.95 

A
F 

A
rtiod

actyla B
ovid

ae Trag
elap

hus 
b

uxtoni 
FG

 S13 
2.33 

31.38 
1.70 

3.15E+
06 

0.17 
0.95 

A
F 

A
rtiod

actyla B
ovid

ae Trag
elap

hus 
eurycerus 

FG
 S12 

2.52 
50.23 

1.24 
3.45E+

06 
0.21 

0.75 

A
F 

A
rtiod

actyla B
ovid

ae Trag
elap

hus 
im

b
erb

is 
FG

 S12 
1.91 

11.01 
3.52 

2.57E+
06 

0.10 
0.95 

A
F 

A
rtiod

actyla B
ovid

ae Trag
elap

hus 
scrip

tus 
FG

 S13 
1.64 

5.66 
5.66 

2.25E+
06 

0.07 
0.75 

A
F 

A
rtiod

actyla B
ovid

ae Trag
elap

hus sp
ekii 

FG
 S12 

1.89 
10.50 

3.64 
2.55E+

06 
0.10 

0.75 

A
F 

A
rtiod

actyla B
ovid

ae Trag
elap

hus 
strep

siceros 
FG

 S12 
2.33 

31.14 
1.71 

3.15E+
06 

0.17 
0.95 

A
F 

A
rtiod

actyla C
ervid

ae C
ervus elap

hus 
FG

 S12 
2.19 

22.14 
2.16 

2.95E+
06 

0.14 
0 

A
F 

A
rtiod

actyla G
iraffid

ae G
iraffa 

cam
elop

ard
alis 

FG
 S12 

2.95 
156.40 

0.58 
4.26E+

06 
0.39 

0.95 

A
F 

A
rtiod

actyla G
iraffid

ae O
kap

ia johnstoni 
FG

 S12 
2.36 

33.79 
1.62 

3.20E+
06 

0.17 
0.95 

A
F 

A
rtiod

actyla H
ip

p
op

otam
id

ae 
H

exap
rotod

on lib
eriensis 

FG
 S12 

2.37 
34.60 

1.59 
3.21E+

06 
0.18 

0.05 

A
F 

A
rtiod

actyla H
ip

p
op

otam
id

ae 
H

ip
p

op
otam

us am
p

hib
ius 

FG
 S12 

3.15 
263.74 

0.41 
4.69E+

06 
0.51 

0.05 

A
F 

A
rtiod

actyla Suid
ae H

ylochoerus 
m

einertzhag
eni 

FG
 S14 

2.28 
27.16 

1.88 
3.07E+

06 
0.16 

0.75 

A
F 

A
rtiod

actyla Suid
ae Phacochoerus 

aethiop
icus 

H
G

 S12 
1.85 

1.43 
3.90 

2.50E+
06 

0.01 
0.95 

A
F 

A
rtiod

actyla Suid
ae Phacochoerus 

africanus 
H

G
 S15 

1.92 
1.80 

3.49 
2.58E+

06 
0.02 

0.95 

A
F 

A
rtiod

actyla Suid
ae Potam

ochoerus 
larvatus 

FG
 S14 

1.99 
13.31 

3.08 
2.67E+

06 
0.11 

0.75 

A
F 

A
rtiod

actyla Suid
ae Potam

ochoerus 
p

orcus 
FG

 S14 
1.85 

9.36 
3.95 

2.49E+
06 

0.09 
0.75 



!
11!

A
F 

A
rtiod

actyla Trag
ulid

ae H
yem

oschus 
aq

uaticus 
FG

 S14 
1.04 

1.43 
15.97 

1.68E+
06 

0.04 
0.05 

A
F 

Perissod
actyla Eq

uid
ae Eq

uus asinus 
H

G
 S12 

2.22 
4.89 

2.07 
2.98E+

06 
0.03 

0 

A
F 

Perissod
actyla Eq

uid
ae Eq

uus b
urchellii 

H
G

 S12 
2.44 

9.92 
1.41 

3.32E+
06 

0.05 
0 

A
F 

Perissod
actyla Eq

uid
ae Eq

uus cab
allus 

H
G

 S5 
2.40 

8.68 
1.52 

3.26E+
06 

0.04 
0 

A
F 

Perissod
actyla Eq

uid
ae Eq

uus g
revyi 

H
G

 S12 
2.61 

16.68 
1.05 

3.61E+
06 

0.06 
0 

A
F 

Perissod
actyla Eq

uid
ae Eq

uus zeb
ra 

H
G

 S13 
2.46 

10.46 
1.37 

3.35E+
06 

0.05 
0 

A
F 

Perissod
actyla Rhinocerotid

ae 
C

eratotherium
 sim

um
 

H
G

 S12 
3.47 

192.37 
0.24 

5.47E+
06 

0.25 
0 

A
F 

Perissod
actyla Rhinocerotid

ae D
iceros 

b
icornis 

H
G

 S12 
3.07 

64.23 
0.47 

4.51E+
06 

0.14 
0 

A
F 

Prob
oscid

ea Elep
hantid

ae Loxod
onta 

africana 
H

G
 S12 

3.60 
269.12 

0.19 
5.81E+

06 
0.30 

0 

A
F 

Rod
entia H

ystricid
ae H

ystrix 
africaeaustralis 

H
G

 S12 
1.17 

0.11 
12.57 

1.80E+
06 

0.00 
0 

A
F 

Rod
entia H

ystricid
ae H

ystrix cristata 
H

G
 S12 

1.30 
0.18 

10.10 
1.92E+

06 
0.00 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
D

end
rolag

us b
ennettianus 

FG
 S14 

1.04 
1.44 

15.86 
1.69E+

06 
0.04 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
D

end
rolag

us lum
holtzi 

FG
 S14 

0.83 
0.91 

22.80 
1.52E+

06 
0.03 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
ag

ilis 
FG

 S12 
1.18 

1.95 
12.53 

1.80E+
06 

0.04 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
antilop

inus 
FG

 S14 
1.44 

3.53 
8.01 

2.04E+
06 

0.06 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
b

ernard
us 

FG
 S14 

1.23 
2.20 

11.41 
1.85E+

06 
0.05 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
d

orsalis 
FG

 S14 
1.05 

1.48 
15.55 

1.70E+
06 

0.04 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
eug

enii 
FG

 S14 
0.81 

0.88 
23.46 

1.51E+
06 

0.03 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
fulig

inosus 
FG

 S12 
1.34 

2.85 
9.40 

1.95E+
06 

0.05 
0 



!
12!

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
g

ig
anteus 

FG
 S12 

1.41 
3.35 

8.32 
2.02E+

06 
0.06 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
irm

a 
FG

 S14 
0.90 

1.07 
20.08 

1.58E+
06 

0.03 
0 

 
 

 
 

 
 

 
 

 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
p

arryi 
FG

 S14 
1.13 

1.76 
13.56 

1.76E+
06 

0.04 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
rob

ustus 
FG

 S14 
1.33 

2.75 
9.64 

1.94E+
06 

0.05 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
rufog

riseus 
FG

 S12 
1.23 

2.19 
11.48 

1.85E+
06 

0.05 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
rufus 

FG
 S12 

1.67 
6.07 

5.38 
2.28E+

06 
0.07 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
O

nychog
alea fraenata 

FG
 S14 

0.74 
0.76 

26.59 
1.46E+

06 
0.03 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
O

nychog
alea ung

uifera 
FG

 S14 
0.82 

0.90 
23.06 

1.52E+
06 

0.03 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae Petrog
ale 

p
enicillata 

FG
 S14 

0.85 
0.96 

21.96 
1.54E+

06 
0.03 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae Petrog
ale 

p
ersep

hone 
FG

 S14 
0.79 

0.84 
24.31 

1.50E+
06 

0.03 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae Petrog
ale 

xanthop
us 

FG
 S14 

0.93 
1.13 

19.18 
1.60E+

06 
0.03 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae Thylog
ale 

b
illard

ierii 
FG

 S14 
0.74 

0.75 
26.77 

1.46E+
06 

0.03 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae Thylog
ale 

thetis 
FG

 S14 
0.73 

0.75 
26.96 

1.45E+
06 

0.03 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae W
allab

ia 
b

icolor 
FG

 S14 
1.18 

1.95 
12.53 

1.80E+
06 

0.04 
0 

A
U

S 
D

ip
rotod

ontia Phalang
erid

ae Sp
ilocuscus 

m
aculatus 

H
G

 S14 
0.81 

0.02 
23.73 

1.51E+
06 

0.00 
0 

A
U

S 
D

ip
rotod

ontia Phascolarctid
ae 

Phascolarctos cinereus 
H

G
 S12 

1.01 
0.05 

16.67 
1.66E+

06 
0.00 

0 



!
13!

A
U

S 
D

ip
rotod

ontia V
om

b
atid

ae Lasiorhinus 
latifrons 

H
G

 S14 
1.41 

0.28 
8.42 

2.02E+
06 

0.00 
0 

A
U

S 
D

ip
rotod

ontia V
om

b
atid

ae V
om

b
atus 

ursinus 
H

G
 S12 

1.41 
0.29 

8.29 
2.02E+

06 
0.00 

0 

EA
 

A
rtiod

actyla B
ovid

ae A
ntilop

e cervicap
ra 

FG
 S12 

1.57 
4.89 

6.30 
2.19E+

06 
0.07 

0 

EA
 

A
rtiod

actyla B
ovid

ae B
ison b

onasus 
FG

 S12 
2.70 

80.25 
0.90 

3.77E+
06 

0.27 
0 

EA
 

A
rtiod

actyla B
ovid

ae B
os frontalis 

FG
 S12 

2.90 
136.72 

0.63 
4.16E+

06 
0.36 

0 

EA
 

A
rtiod

actyla B
ovid

ae B
os g

runniens 
FG

 S5 
2.52 

50.91 
1.23 

3.46E+
06 

0.22 
0 

EA
 

A
rtiod

actyla B
ovid

ae B
os javanicus 

FG
 S12 

2.85 
117.44 

0.70 
4.04E+

06 
0.33 

0 

EA
 

A
rtiod

actyla B
ovid

ae B
os sauveli 

FG
 S13 

2.90 
136.72 

0.63 
4.16E+

06 
0.36 

0 

EA
 

A
rtiod

actyla B
ovid

ae B
os taurus 

FG
 S12 

2.95 
156.40 

0.58 
4.26E+

06 
0.39 

0 

EA
 

A
rtiod

actyla B
ovid

ae B
oselap

hus 
trag

ocam
elus 

FG
 S12 

2.23 
24.11 

2.04 
3.00E+

06 
0.15 

0 

EA
 

A
rtiod

actyla B
ovid

ae B
ub

alus b
ub

alis 
FG

 S13 
1.57 

4.89 
6.30 

2.19E+
06 

0.07 
0 

EA
 

A
rtiod

actyla B
ovid

ae B
ud

orcas taxicolor 
FG

 S12 
2.48 

45.67 
1.32 

3.39E+
06 

0.20 
0 

EA
 

A
rtiod

actyla B
ovid

ae C
ap

ra caucasica 
FG

 S13 
1.74 

7.27 
4.73 

2.37E+
06 

0.08 
0 

EA
 

A
rtiod

actyla B
ovid

ae C
ap

ra cylind
ricornis 

FG
 S13 

1.70 
6.58 

5.08 
2.32E+

06 
0.08 

0 

EA
 

A
rtiod

actyla B
ovid

ae C
ap

ra falconeri 
FG

 S12 
1.61 

5.36 
5.89 

2.23E+
06 

0.07 
0 

EA
 

A
rtiod

actyla B
ovid

ae C
ap

ra hircus 
FG

 S12 
1.88 

10.07 
3.75 

2.53E+
06 

0.10 
0 

EA
 

A
rtiod

actyla B
ovid

ae C
ap

ra ib
ex 

FG
 S12 

1.84 
9.27 

3.97 
2.49E+

06 
0.09 

0 

EA
 

A
rtiod

actyla B
ovid

ae C
ap

ra nub
iana 

FG
 S13 

1.67 
6.07 

5.38 
2.28E+

06 
0.07 

0 

EA
 

A
rtiod

actyla B
ovid

ae C
ap

ra p
yrenaica 

FG
 S13 

1.70 
6.58 

5.08 
2.32E+

06 
0.08 

0 

EA
 

A
rtiod

actyla B
ovid

ae C
ap

ra sib
irica 

FG
 S13 

2.11 
18.14 

2.48 
2.84E+

06 
0.13 

0 

EA
 

A
rtiod

actyla B
ovid

ae G
azella b

ennettii 
FG

 S13 
1.28 

2.45 
10.53 

1.89E+
06 

0.05 
0 

EA
 

A
rtiod

actyla B
ovid

ae G
azella d

orcas 
FG

 S12 
1.36 

2.98 
9.09 

1.97E+
06 

0.05 
0 

EA
 

A
rtiod

actyla B
ovid

ae G
azella g

azella 
FG

 S13 
1.36 

2.98 
9.09 

1.97E+
06 

0.05 
0 

EA
 

A
rtiod

actyla B
ovid

ae G
azella saud

iya 
FG

 S13 
1.20 

2.08 
11.94 

1.83E+
06 

0.05 
0 

EA
 

A
rtiod

actyla B
ovid

ae G
azella 

sub
g

utturosa 
FG

 S12 
1.45 

3.69 
7.74 

2.06E+
06 

0.06 
0 



!
14!

EA
 

A
rtiod

actyla B
ovid

ae H
em

itrag
us 

hylocrius 
FG

 S13 
1.88 

10.07 
3.75 

2.53E+
06 

0.10 
0 

EA
 

A
rtiod

actyla B
ovid

ae H
em

itrag
us jayakari 

FG
 S13 

1.36 
2.98 

9.09 
1.97E+

06 
0.05 

0 

EA
 

A
rtiod

actyla B
ovid

ae H
em

itrag
us 

jem
lahicus 

FG
 S13 

1.55 
4.58 

6.61 
2.16E+

06 
0.07 

0 

EA
 

A
rtiod

actyla B
ovid

ae N
aem

orhed
us 

b
aileyi 

FG
 S13 

1.44 
3.56 

7.96 
2.05E+

06 
0.06 

0 

EA
 

A
rtiod

actyla B
ovid

ae N
aem

orhed
us 

caud
atus 

FG
 S13 

1.43 
3.50 

8.06 
2.04E+

06 
0.06 

0 

EA
 

A
rtiod

actyla B
ovid

ae N
aem

orhed
us g

oral 
FG

 S12 
1.45 

3.69 
7.74 

2.06E+
06 

0.06 
0 

EA
 

A
rtiod

actyla B
ovid

ae N
aem

orhed
us 

sum
atraensis 

FG
 S13 

1.94 
11.86 

3.34 
2.61E+

06 
0.10 

0 

EA
 

A
rtiod

actyla B
ovid

ae O
ryx d

am
m

ah 
FG

 S12 
2.30 

28.98 
1.80 

3.11E+
06 

0.16 
0 

EA
 

A
rtiod

actyla B
ovid

ae O
ryx leucoryx 

FG
 S13 

1.94 
11.89 

3.33 
2.61E+

06 
0.10 

0 

EA
 

A
rtiod

actyla B
ovid

ae O
vib

os m
oschatus 

FG
 S5 

2.49 
47.43 

1.28 
3.41E+

06 
0.21 

0 

EA
 

A
rtiod

actyla B
ovid

ae O
vis am

m
on 

FG
 S12 

2.26 
25.83 

1.94 
3.04E+

06 
0.15 

0 

EA
 

A
rtiod

actyla B
ovid

ae O
vis aries 

FG
 S12 

1.70 
6.58 

5.08 
2.32E+

06 
0.08 

0 

EA
 

A
rtiod

actyla B
ovid

ae O
vis nivicola 

FG
 S13 

1.95 
12.22 

3.27 
2.63E+

06 
0.10 

0 

EA
 

A
rtiod

actyla B
ovid

ae O
vis vig

nei 
FG

 S13 
1.78 

7.96 
4.43 

2.41E+
06 

0.09 
0 

EA
 

A
rtiod

actyla B
ovid

ae Pantholop
s 

hod
g

sonii 
FG

 S13 
1.44 

3.56 
7.95 

2.05E+
06 

0.06 
0 

EA
 

A
rtiod

actyla B
ovid

ae Procap
ra g

utturosa 
FG

 S13 
1.44 

3.60 
7.90 

2.05E+
06 

0.06 
0 

EA
 

A
rtiod

actyla B
ovid

ae Procap
ra 

p
icticaud

ata 
FG

 S13 
1.30 

2.59 
10.10 

1.92E+
06 

0.05 
0 

EA
 

A
rtiod

actyla B
ovid

ae Procap
ra 

p
rzew

alskii 
FG

 S13 
1.44 

3.56 
7.95 

2.05E+
06 

0.06 
0 

EA
 

A
rtiod

actyla B
ovid

ae Pseud
ois nayaur 

FG
 S12 

1.65 
5.90 

5.50 
2.27E+

06 
0.07 

0 

EA
 

A
rtiod

actyla B
ovid

ae Pseud
ois schaeferi 

FG
 S13 

1.47 
3.79 

7.59 
2.07E+

06 
0.06 

0 

EA
 

A
rtiod

actyla B
ovid

ae Rup
icap

ra 
p

yrenaica 
FG

 S13 
1.48 

3.89 
7.45 

2.09E+
06 

0.06 
0 



!
15!

EA
 

A
rtiod

actyla B
ovid

ae Rup
icap

ra 
rup

icap
ra 

FG
 S12 

1.42 
3.38 

8.27 
2.03E+

06 
0.06 

0 

EA
 

A
rtiod

actyla B
ovid

ae Saig
a tatarica 

FG
 S12 

1.46 
3.76 

7.64 
2.07E+

06 
0.06 

0 

EA
 

A
rtiod

actyla B
ovid

ae Tetracerus 
q

uad
ricornis 

FG
 S13 

1.28 
2.46 

10.49 
1.89E+

06 
0.05 

0 

EA
 

A
rtiod

actyla C
am

elid
ae C

am
elus 

b
actrianus 

FG
 S14 

2.84 
115.53 

0.71 
4.03E+

06 
0.33 

0 

EA
 

A
rtiod

actyla C
am

elid
ae C

am
elus 

d
rom

ed
arius 

FG
 S12 

2.60 
62.82 

1.06 
3.60E+

06 
0.24 

0 

EA
 

A
rtiod

actyla C
ervid

ae A
lces alces 

FG
 S12 

2.55 
54.67 

1.17 
3.50E+

06 
0.22 

0 

EA
 

A
rtiod

actyla C
ervid

ae A
xis axis 

FG
 S12 

1.85 
9.36 

3.95 
2.49E+

06 
0.09 

0 

EA
 

A
rtiod

actyla C
ervid

ae A
xis p

orcinus 
FG

 S13 
1.54 

4.55 
6.64 

2.15E+
06 

0.07 
0 

EA
 

A
rtiod

actyla C
ervid

ae C
ap

reolus 
cap

reolus 
FG

 S12 
1.35 

2.91 
9.24 

1.96E+
06 

0.05 
0 

EA
 

A
rtiod

actyla C
ervid

ae C
ap

reolus 
p

yg
arg

us 
FG

 S13 
1.64 

5.73 
5.61 

2.26E+
06 

0.07 
0 

EA
 

A
rtiod

actyla C
ervid

ae C
ervus alb

irostris 
FG

 S12 
2.10 

17.39 
2.55 

2.81E+
06 

0.12 
0 

EA
 

A
rtiod

actyla C
ervid

ae C
ervus d

uvaucelii 
FG

 S13 
2.16 

20.11 
2.31 

2.89E+
06 

0.13 
0 

EA
 

A
rtiod

actyla C
ervid

ae C
ervus elap

hus 
FG

 S12 
2.22 

23.73 
2.06 

2.99E+
06 

0.15 
0 

EA
 

A
rtiod

actyla C
ervid

ae C
ervus eld

ii 
FG

 S12 
1.86 

9.79 
3.82 

2.51E+
06 

0.09 
0 

EA
 

A
rtiod

actyla C
ervid

ae C
ervus nip

p
on 

FG
 S12 

1.72 
6.99 

4.86 
2.35E+

06 
0.08 

0 

EA
 

A
rtiod

actyla C
ervid

ae C
ervus unicolor 

FG
 S12 

2.33 
30.84 

1.72 
3.14E+

06 
0.17 

0 

EA
 

A
rtiod

actyla C
ervid

ae D
am

a d
am

a 
FG

 S12 
1.75 

7.44 
4.65 

2.38E+
06 

0.08 
0 

EA
 

A
rtiod

actyla C
ervid

ae D
am

a 
m

esop
otam

ica 
FG

 S13 
1.86 

9.72 
3.84 

2.51E+
06 

0.09 
0 

EA
 

A
rtiod

actyla C
ervid

ae Elap
hod

us 
cep

halop
hus 

FG
 S12 

1.53 
4.35 

6.86 
2.13E+

06 
0.06 

0 

EA
 

A
rtiod

actyla C
ervid

ae Elap
hurus 

d
avid

ianus 
FG

 S13 
2.17 

21.02 
2.24 

2.92E+
06 

0.14 
0 

EA
 

A
rtiod

actyla C
ervid

ae H
yd

rop
otes 

inerm
is 

FG
 S13 

1.15 
1.82 

13.19 
1.78E+

06 
0.04 

0 



!
16!

EA
 

A
rtiod

actyla C
ervid

ae M
untiacus 

crinifrons 
FG

 S13 
1.56 

4.71 
6.48 

2.17E+
06 

0.07 
0 

EA
 

A
rtiod

actyla C
ervid

ae M
untiacus feae 

FG
 S13 

1.34 
2.85 

9.40 
1.95E+

06 
0.05 

0 

EA
 

A
rtiod

actyla C
ervid

ae M
untiacus 

g
ong

shanensis 
FG

 S13 
1.30 

2.58 
10.13 

1.91E+
06 

0.05 
0 

EA
 

A
rtiod

actyla C
ervid

ae M
untiacus m

untjak 
FG

 S12 
1.15 

1.82 
13.19 

1.78E+
06 

0.04 
0 

EA
 

A
rtiod

actyla C
ervid

ae M
untiacus reevesi 

FG
 S12 

1.13 
1.76 

13.56 
1.76E+

06 
0.04 

0 

EA
 

A
rtiod

actyla M
oschid

ae M
oschus 

b
erezovskii 

FG
 S14 

0.95 
1.19 

18.38 
1.62E+

06 
0.04 

0 

EA
 

A
rtiod

actyla M
oschid

ae M
oschus 

chrysog
aster 

FG
 S14 

1.16 
1.89 

12.85 
1.79E+

06 
0.04 

0 

EA
 

A
rtiod

actyla M
oschid

ae M
oschus 

m
oschiferus 

FG
 S14 

1.11 
1.70 

13.95 
1.75E+

06 
0.04 

0 

EA
 

A
rtiod

actyla Suid
ae Sus b

arb
atus 

FG
 S14 

1.99 
13.19 

3.10 
2.67E+

06 
0.11 

0 

EA
 

A
rtiod

actyla Suid
ae Sus salvanius 

FG
 S14 

0.89 
1.03 

20.62 
1.57E+

06 
0.03 

0 

EA
 

A
rtiod

actyla Suid
ae Sus scrofa 

FG
 S14 

2.07 
16.23 

2.68 
2.78E+

06 
0.12 

0 

EA
 

A
rtiod

actyla Trag
ulid

ae Trag
ulus nap

u 
FG

 S14 
0.77 

0.81 
25.23 

1.48E+
06 

0.03 
0 

EA
 

Perissod
actyla Eq

uid
ae Eq

uus hem
ionus 

H
G

 S5 
2.36 

7.74 
1.62 

3.20E+
06 

0.04 
0 

EA
 

Perissod
actyla Eq

uid
ae Eq

uus kiang
 

H
G

 S12 
2.44 

9.87 
1.41 

3.32E+
06 

0.05 
0 

EA
 

Perissod
actyla Eq

uid
ae Eq

uus onag
er 

H
G

 S12 
2.36 

7.74 
1.62 

3.20E+
06 

0.04 
0 

EA
 

Perissod
actyla Rhinocerotid

ae 
D

icerorhinus sum
atrensis 

H
G

 S14 
3.10 

70.03 
0.45 

4.58E+
06 

0.14 
0 

EA
 

Perissod
actyla Rhinocerotid

ae 
Rhinoceros sond

aicus 
H

G
 S13 

3.24 
103.62 

0.35 
4.90E+

06 
0.18 

0 

EA
 

Perissod
actyla Rhinocerotid

ae 
Rhinoceros unicornis 

H
G

 S12 
3.20 

93.18 
0.38 

4.81E+
06 

0.17 
0 

EA
 

Perissod
actyla Tap

irid
ae Tap

irus ind
icus 

H
G

 S12 
2.47 

10.91 
1.34 

3.37E+
06 

0.05 
0 

EA
 

Prob
oscid

ea Elep
hantid

ae Elep
has 

m
axim

us 
H

G
 S12 

3.43 
174.92 

0.25 
5.37E+

06 
0.24 

0 

EA
 

Rod
entia C

astorid
ae C

astor fib
er 

H
G

 S17 
1.28 

0.17 
10.49 

1.89E+
06 

0.00 
0 



!
17!

EA
 

Rod
entia H

ystricid
ae H

ystrix b
rachyura 

H
G

 
A

ssum
ed

 
from

 g
enus 

0.90 
0.03 

20.08 
1.58E+

06 
0.00 

0 

EA
 

Rod
entia H

ystricid
ae H

ystrix cristata 
H

G
 S12 

1.10 
0.08 

14.37 
1.74E+

06 
0.00 

0 

EA
 

Rod
entia H

ystricid
ae H

ystrix ind
ica 

H
G

 S12 
1.17 

0.11 
12.75 

1.79E+
06 

0.00 
0 

EA
 

Rod
entia Sciurid

ae M
arm

ota b
aib

acina 
H

G
 S18 

0.88 
0.03 

21.07 
1.56E+

06 
0.00 

0 

EA
 

Rod
entia Sciurid

ae M
arm

ota b
ob

ak 
H

G
 S18 

0.74 
0.02 

26.59 
1.46E+

06 
0.00 

0 

EA
 

Rod
entia Sciurid

ae M
arm

ota him
alayana 

H
G

 S18 
0.70 

0.01 
28.56 

1.43E+
06 

0.00 
0 

EA
 

Rod
entia Sciurid

ae M
arm

ota sib
irica 

H
G

 S18 
0.90 

0.03 
20.08 

1.58E+
06 

0.00 
0 

N
A

 
A

rtiod
actyla A

ntilocap
rid

ae A
ntilocap

ra 
am

ericana 
FG

 S12 
1.66 

6.05 
5.40 

2.28E+
06 

0.07 
0 

N
A

 
A

rtiod
actyla B

ovid
ae B

ison b
ison 

(allom
etric) 

FG
 S12 

2.76 
94.75 

0.81 
3.88E+

06 
0.30 

0 

 
A

rtiod
actyla B

ovid
ae B

ison b
ison (d

irect 
estim

ate Tab
le S2) 

 
2.76 

 
 

 
1.95 

0 

N
A

 
A

rtiod
actyla B

ovid
ae O

ream
nos 

am
ericanus 

FG
 S12 

1.86 
9.72 

3.84 
2.51E+

06 
0.09 

0 

N
A

 
A

rtiod
actyla B

ovid
ae O

vib
os m

oschatus 
FG

 S5 
2.57 

56.99 
1.14 

3.53E+
06 

0.23 
0 

N
A

 
A

rtiod
actyla B

ovid
ae O

vis canad
ensis 

FG
 S13 

1.87 
10.02 

3.76 
2.53E+

06 
0.10 

0 

N
A

 
A

rtiod
actyla B

ovid
ae O

vis d
alli 

FG
 S13 

1.75 
7.36 

4.69 
2.37E+

06 
0.08 

0 

N
A

 
A

rtiod
actyla C

ervid
ae A

lces alces 
FG

 S12 
2.56 

55.35 
1.16 

3.51E+
06 

0.23 
0 

N
A

 
A

rtiod
actyla C

ervid
ae C

ervus elap
hus 

FG
 S12 

2.34 
31.82 

1.68 
3.16E+

06 
0.17 

0 

N
A

 
A

rtiod
actyla C

ervid
ae M

azam
a 

am
ericana 

FG
 S13 

1.36 
2.95 

9.15 
1.97E+

06 
0.05 

0 

N
A

 
A

rtiod
actyla C

ervid
ae O

d
ocoileus 

hem
ionus 

FG
 S12 

1.73 
7.16 

4.78 
2.36E+

06 
0.08 

0 

N
A

 
A

rtiod
actyla C

ervid
ae O

d
ocoileus 

virg
inianus 

FG
 S12 

1.74 
7.34 

4.70 
2.37E+

06 
0.08 

0 

N
A

 
A

rtiod
actyla C

ervid
ae Rang

ifer tarand
us 

FG
 S12 

1.93 
11.65 

3.38 
2.60E+

06 
0.10 

0 

N
A

 
A

rtiod
actyla Tayassuid

ae Pecari tajacu 
FG

 S14 
1.33 

2.75 
9.64 

1.94E+
06 

0.05 
0 

N
A

 
A

rtiod
actyla Tayassuid

ae Tayassu p
ecari 

FG
 S14 

1.51 
4.19 

7.06 
2.12E+

06 
0.06 

0 



!
18!

N
A

 
Perissod

actyla Tap
irid

ae Tap
irus b

aird
ii 

H
G

 S14 
2.48 

11.10 
1.32 

3.38E+
06 

0.05 
0 

N
A

 
Rod

entia A
g

outid
ae A

g
outi p

aca 
H

G
 S19 

0.90 
0.03 

20.08 
1.58E+

06 
0.00 

0 

N
A

 
Rod

entia C
astorid

ae C
astor canad

ensis 
H

G
 S17 

1.34 
0.21 

9.46 
1.95E+

06 
0.00 

0 

N
A

 
Rod

entia D
asyp

roctid
ae D

asyp
rocta 

m
exicana 

H
G

 S19 
0.70 

0.01 
28.56 

1.43E+
06 

0.00 
0 

N
A

 
Rod

entia Erethizontid
ae Erethizon 

d
orsatum

 
H

G
 S16 

0.85 
0.03 

21.99 
1.54E+

06 
0.00 

0 

N
A

 
Rod

entia Sciurid
ae M

arm
ota calig

ata 
H

G
 S18 

0.86 
0.03 

21.66 
1.55E+

06 
0.00 

0 

N
A

 
Rod

entia Sciurid
ae M

arm
ota olym

p
us 

H
G

 S18 
0.80 

0.02 
24.02 

1.50E+
06 

0.00 
0 

N
A

 
Rod

entia Sciurid
ae M

arm
ota 

vancouverensis 
H

G
 S18 

0.80 
0.02 

24.02 
1.50E+

06 
0.00 

0 

N
A

 
X

enarthra M
eg

alonychid
ae C

holoep
us 

hoffm
anni 

FG
 S14 

0.78 
0.82 

24.91 
1.49E+

06 
0.03 

0 

SA
 

A
rtiod

actyla C
am

elid
ae Lam

a g
lam

a 
FG

 S12 
2.15 

20.03 
2.32 

2.89E+
06 

0.13 
0 

SA
 

A
rtiod

actyla C
am

elid
ae Lam

a g
uanicoe 

FG
 S12 

2.08 
16.64 

2.63 
2.79E+

06 
0.12 

0 

SA
 

A
rtiod

actyla C
am

elid
ae Lam

a p
acos 

FG
 S12 

1.78 
7.96 

4.43 
2.41E+

06 
0.09 

0 

SA
 

A
rtiod

actyla C
am

elid
ae V

icug
na vicug

na 
FG

 S12 
1.68 

6.24 
5.28 

2.30E+
06 

0.08 
0 

SA
 

A
rtiod

actyla C
ervid

ae B
lastocerus 

d
ichotom

us 
FG

 S12 
1.94 

11.74 
3.36 

2.61E+
06 

0.10 
0 

SA
 

A
rtiod

actyla C
ervid

ae H
ip

p
ocam

elus 
antisensis 

FG
 S13 

1.84 
9.17 

4.01 
2.48E+

06 
0.09 

0 

SA
 

A
rtiod

actyla C
ervid

ae H
ip

p
ocam

elus 
b

isulcus 
FG

 S13 
1.85 

9.36 
3.95 

2.49E+
06 

0.09 
0 

SA
 

A
rtiod

actyla C
ervid

ae M
azam

a 
am

ericana 
FG

 S13 
1.36 

2.95 
9.15 

1.97E+
06 

0.05 
0 

SA
 

A
rtiod

actyla C
ervid

ae M
azam

a b
ricenii 

FG
 S13 

1.22 
2.14 

11.67 
1.84E+

06 
0.05 

0 

SA
 

A
rtiod

actyla C
ervid

ae M
azam

a chunyi 
FG

 S13 
1.22 

2.14 
11.67 

1.84E+
06 

0.05 
0 

SA
 

A
rtiod

actyla C
ervid

ae M
azam

a 
g

ouazoup
ira 

FG
 S13 

1.21 
2.12 

11.77 
1.83E+

06 
0.05 

0 

SA
 

A
rtiod

actyla C
ervid

ae M
azam

a nana 
FG

 S13 
1.22 

2.14 
11.67 

1.84E+
06 

0.05 
0 

SA
 

A
rtiod

actyla C
ervid

ae M
azam

a rufina 
FG

 S13 
1.41 

3.37 
8.29 

2.02E+
06 

0.06 
0 



!
19!

SA
 

A
rtiod

actyla C
ervid

ae O
d

ocoileus 
virg

inianus 
FG

 S12 
1.74 

7.34 
4.70 

2.37E+
06 

0.08 
0 

SA
 

A
rtiod

actyla C
ervid

ae O
zotoceros 

b
ezoarticus 

FG
 S12 

1.60 
5.22 

6.00 
2.22E+

06 
0.07 

0 

SA
 

A
rtiod

actyla C
ervid

ae Pud
u 

m
ep

histop
hiles 

FG
 S13 

0.98 
1.27 

17.51 
1.64E+

06 
0.04 

0 

SA
 

A
rtiod

actyla C
ervid

ae Pud
u p

ud
a 

FG
 S12 

0.99 
1.29 

17.31 
1.65E+

06 
0.04 

0 

SA
 

A
rtiod

actyla Tayassuid
ae C

atag
onus 

w
ag

neri 
FG

 S14 
1.55 

4.63 
6.56 

2.16E+
06 

0.07 
0 

SA
 

A
rtiod

actyla Tayassuid
ae Pecari tajacu 

FG
 S14 

1.33 
2.75 

9.64 
1.94E+

06 
0.05 

0 

SA
 

A
rtiod

actyla Tayassuid
ae Tayassu p

ecari 
FG

 S14 
1.51 

4.19 
7.06 

2.12E+
06 

0.06 
0 

SA
 

Perissod
actyla Tap

irid
ae Tap

irus b
aird

ii 
H

G
 S14 

2.48 
11.10 

1.32 
3.38E+

06 
0.05 

0 

SA
 

Perissod
actyla Tap

irid
ae Tap

irus 
p

inchaq
ue 

H
G

 S14 
2.17 

4.23 
2.24 

2.92E+
06 

0.03 
0 

SA
 

Perissod
actyla Tap

irid
ae Tap

irus 
terrestris 

H
G

 S12 
2.32 

6.72 
1.75 

3.13E+
06 

0.04 
0 

SA
 

Rod
entia A

g
outid

ae A
g

outi p
aca 

H
G

 S19 
0.90 

0.03 
20.08 

1.58E+
06 

0.00 
0 

SA
 

Rod
entia A

g
outid

ae A
g

outi taczanow
skii 

H
G

 S19 
0.95 

0.04 
18.38 

1.62E+
06 

0.00 
0 

SA
 

Rod
entia C

aviid
ae D

olichotis p
atag

onum
 

H
G

 S12 
0.90 

0.03 
20.08 

1.58E+
06 

0.00 
0 

SA
 

Rod
entia D

inom
yid

ae D
inom

ys b
ranickii 

H
G

 
assum

ed
 

from
 ord

er 

1.10 
0.08 

14.37 
1.74E+

06 
0.00 

0 

SA
 

Rod
entia H

yd
rochoerid

ae H
yd

rochaeris 
hyd

rochaeris 
H

G
 S20 

1.80 
1.18 

4.30 
2.43E+

06 
0.01 

0 

SA
 

Rod
entia M

yocastorid
ae M

yocastor 
coyp

us 
H

G
 S21 

0.84 
0.02 

22.34 
1.53E+

06 
0.00 

0 

SA
 

X
enarthra M

eg
alonychid

ae C
holoep

us 
d

id
actylus 

FG
 S12 

0.71 
0.72 

27.89 
1.44E+

06 
0.03 

0 

A
F 

A
rtiod

actyla B
ovid

ae A
ntid

orcas australis 
FG

 S13 
1.60 

5.22 
6.00 

2.22E+
06 

0.07 
0 

A
F 

A
rtiod

actyla B
ovid

ae A
ntid

orcas b
ond

i 
FG

 S13 
1.53 

4.42 
6.78 

2.14E+
06 

0.06 
0 

A
F 

A
rtiod

actyla B
ovid

ae G
azella atlantica 

FG
 S13 

1.65 
5.83 

5.54 
2.27E+

06 
0.07 

0 



!
20!

A
F 

A
rtiod

actyla B
ovid

ae M
eg

alotrag
us 

p
riscus 

FG
 S13 

2.30 
28.98 

1.80 
3.11E+

06 
0.16 

0 

A
F 

A
rtiod

actyla B
ovid

ae Pelorovis antiq
uus 

FG
 S13 

3.00 
176.46 

0.54 
4.36E+

06 
0.41 

0 

A
F 

A
rtiod

actyla C
am

elid
ae C

am
elus thom

asi 
FG

 S14 
2.70 

80.25 
0.90 

3.77E+
06 

0.27 
0 

A
F 

A
rtiod

actyla C
ervid

ae M
eg

aloceros 
alg

ericus 
FG

 S13 
2.90 

136.72 
0.63 

4.16E+
06 

0.36 
0 

A
F 

A
rtiod

actyla G
iraffid

ae G
iraffa g

racilis 
FG

 S13 
2.93 

146.51 
0.61 

4.21E+
06 

0.37 
0 

A
F 

A
rtiod

actyla Suid
ae M

etrid
iochoerus 

com
p

actus 
FG

 S14 
2.15 

19.96 
2.32 

2.89E+
06 

0.13 
0 

A
F 

Perissod
actyla Eq

uid
ae Eq

uus cap
ensis 

H
G

 S13 
2.54 

13.63 
1.18 

3.49E+
06 

0.06 
0 

A
F 

Perissod
actyla Eq

uid
ae H

ip
p

arion 
lib

ycum
 

H
G

 S13 
2.18 

4.27 
2.23 

2.92E+
06 

0.03 
0 

A
F 

Perissod
actyla Rhinocerotid

ae 
Step

hanorhinus kirchb
erg

ensis 
H

G
 S14 

3.30 
121.58 

0.32 
5.04E+

06 
0.20 

0 

A
F 

Prob
oscid

ea Elep
hantid

ae Elep
has 

iolensis 
H

G
 S14 

3.81 
475.76 

0.13 
6.45E+

06 
0.40 

0 

A
U

S 
D

ip
rotod

ontia D
ip

rotod
onid

ae 
D

ip
rotod

on m
inor 

H
G

 S22 
2.95 

45.91 
0.58 

4.26E+
06 

0.11 
0 

A
U

S 
D

ip
rotod

ontia D
ip

rotod
onid

ae 
D

ip
rotod

on op
tatum

 
H

G
 S22 

3.18 
86.03 

0.40 
4.74E+

06 
0.16 

0 

A
U

S 
D

ip
rotod

ontia D
ip

rotod
onid

ae Euow
enia 

g
rata 

H
G

 S22 
2.88 

36.52 
0.67 

4.10E+
06 

0.10 
0 

A
U

S 
D

ip
rotod

ontia D
ip

rotod
onid

ae 
Euryzyg

om
a d

unese 
H

G
 S22 

2.70 
21.75 

0.90 
3.77E+

06 
0.07 

0 

A
U

S 
D

ip
rotod

ontia D
ip

rotod
onid

ae 
N

ototherium
 m

itchelli 
H

G
 S22 

2.70 
21.75 

0.90 
3.77E+

06 
0.07 

0 

A
U

S 
D

ip
rotod

ontia D
ip

rotod
onid

ae 
Palorchestes azeal 

H
G

 S22 
2.70 

21.75 
0.90 

3.77E+
06 

0.07 
0 

A
U

S 
D

ip
rotod

ontia D
ip

rotod
onid

ae 
Palorchestes p

arvus 
H

G
 S22 

2.00 
2.39 

3.02 
2.69E+

06 
0.02 

0 

A
U

S 
D

ip
rotod

ontia D
ip

rotod
onid

ae 
Zyg

om
aturus trilob

us 
H

G
 S22 

2.88 
36.52 

0.67 
4.10E+

06 
0.10 

0 



!
21!

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae K
ang

urus 
cong

rous 
FG

 S14 
1.60 

5.22 
6.00 

2.22E+
06 

0.07 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
ferrag

us 
FG

 S14 
2.18 

21.18 
2.23 

2.92E+
06 

0.14 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
p

earsoni 
FG

 S14 
2.18 

21.18 
2.23 

2.92E+
06 

0.14 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
p

iltonesis 
FG

 S14 
1.48 

3.89 
7.45 

2.09E+
06 

0.06 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
thor 

FG
 S14 

1.48 
3.89 

7.45 
2.09E+

06 
0.06 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Procop

tod
on g

oliah 
FG

 S14 
2.40 

37.05 
1.52 

3.26E+
06 

0.18 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Procop

tod
on p

usio 
FG

 S14 
1.88 

10.07 
3.75 

2.53E+
06 

0.10 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Procop

tod
on rap

ha 
FG

 S14 
2.18 

21.18 
2.23 

2.92E+
06 

0.14 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Procop

tod
on texasensis 

FG
 S14 

2.18 
21.18 

2.23 
2.92E+

06 
0.14 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Protem

nod
on anak 

FG
 S14 

2.00 
13.68 

3.02 
2.69E+

06 
0.11 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Protem

nod
on b

rehus 
FG

 S14 
2.00 

13.68 
3.02 

2.69E+
06 

0.11 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Protem

nod
on roechus 

FG
 S14 

1.95 
12.22 

3.27 
2.63E+

06 
0.10 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Sim

osthenurus b
row

nei 
FG

 S14 
1.70 

6.58 
5.08 

2.32E+
06 

0.08 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Sim

osthenurus g
illi 

FG
 S14 

1.48 
3.89 

7.45 
2.09E+

06 
0.06 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Sim

osthenurus m
ad

d
ocki 

FG
 S14 

1.70 
6.58 

5.08 
2.32E+

06 
0.08 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Sim

osthenurus occid
entalis 

FG
 S14 

1.70 
6.58 

5.08 
2.32E+

06 
0.08 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Sim

osthenurus orientalis 
FG

 S14 
1.88 

10.07 
3.75 

2.53E+
06 

0.10 
0 



!
22!

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Sim

osthenurus p
ales 

FG
 S14 

2.18 
21.18 

2.23 
2.92E+

06 
0.14 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae Sthenurus 
and

ersoni 
FG

 S14 
1.70 

6.58 
5.08 

2.32E+
06 

0.08 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae Sthenurus 
atlas 

FG
 S14 

2.18 
21.18 

2.23 
2.92E+

06 
0.14 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae Sthenurus 
oreas 

FG
 S14 

2.00 
13.68 

3.02 
2.69E+

06 
0.11 

0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae Sthenurus 
stirling

i 
FG

 S14 
2.18 

21.18 
2.23 

2.92E+
06 

0.14 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae Sthenurus 
tind

alei 
FG

 S14 
2.00 

13.68 
3.02 

2.69E+
06 

0.11 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae 
Trop

osod
on m

inor 
FG

 S14 
1.60 

5.22 
6.00 

2.22E+
06 

0.07 
0 

A
U

S 
D

ip
rotod

ontia Potoroid
ae N

. g
en sp

p
 

FG
 S14 

0.70 
0.70 

28.56 
1.43E+

06 
0.03 

0 

A
U

S 
D

ip
rotod

ontia Potoroid
ae Prop

leop
us 

oscillans 
FG

 S14 
1.60 

5.22 
6.00 

2.22E+
06 

0.07 
0 

A
U

S 
D

ip
rotod

ontia V
om

b
atid

ae Lasiorhinus 
ang

ustid
ens 

H
G

 S14 
1.70 

0.84 
5.08 

2.32E+
06 

0.01 
0 

A
U

S 
D

ip
rotod

ontia V
om

b
atid

ae Phascolom
ys 

m
ed

ius 
H

G
 S14 

1.70 
0.84 

5.08 
2.32E+

06 
0.01 

0 

A
U

S 
D

ip
rotod

ontia V
om

b
atid

ae Phascolonus 
g

ig
as 

H
G

 S14 
2.30 

6.39 
1.80 

3.11E+
06 

0.04 
0 

A
U

S 
D

ip
rotod

ontia V
om

b
atid

ae Ram
saya 

m
ag

na 
H

G
 S14 

2.00 
2.39 

3.02 
2.69E+

06 
0.02 

0 

A
U

S 
D

ip
rotod

ontia V
om

b
atid

ae V
om

b
atus 

hacketti 
H

G
 S14 

1.48 
0.37 

7.45 
2.09E+

06 
0.01 

0 

A
U

S 
D

ip
rotod

ontia V
om

b
atid

ae W
arenja 

w
akefield

i 
H

G
 S14 

1.00 
0.05 

16.98 
1.66E+

06 
0.00 

0 

EA
 

A
rtiod

actyla B
ovid

ae B
ison p

riscus 
FG

 S5 
2.72 

84.53 
0.87 

3.80E+
06 

0.28 
0 

EA
 

A
rtiod

actyla B
ovid

ae Sp
irocerus 

kiakhtensis 
FG

 S13 
2.90 

134.90 
0.64 

4.15E+
06 

0.36 
0 



!
23!

EA
 

A
rtiod

actyla C
am

elid
ae C

am
elus 

knob
lochi 

FG
 S14 

2.74 
89.28 

0.84 
3.84E+

06 
0.29 

0 

EA
 

A
rtiod

actyla C
ervid

ae M
eg

aloceros 
g

ig
anteus 

FG
 S13 

2.85 
117.40 

0.70 
4.04E+

06 
0.33 

0 

EA
 

Perissod
actyla Rhinocerotid

ae 
C

oelod
onta antiq

uitatis 
H

G
 S14 

3.46 
188.36 

0.24 
5.45E+

06 
0.25 

0 

EA
 

Perissod
actyla Rhinocerotid

ae 
Step

hanorhinus hem
itoechus 

H
G

 S14 
3.20 

92.98 
0.38 

4.81E+
06 

0.17 
0 

EA
 

Perissod
actyla Rhinocerotid

ae 
Step

hanorhinus kirchb
erg

ensis 
H

G
 S14 

3.20 
92.98 

0.38 
4.81E+

06 
0.17 

0 

EA
 

Prob
oscid

ea Elep
hantid

ae M
am

m
uthus 

p
rim

ig
enius 

H
G

 S5 
3.74 

393.98 
0.15 

6.23E+
06 

0.37 
0 

EA
 

Rod
entia C

astorid
ae Trog

ontherium
 

cuvieri 
H

G
 S17 

1.60 
0.59 

6.00 
2.22E+

06 
0.01 

0 

N
A

 
A

rtiod
actyla A

ntilocap
rid

ae C
ap

rom
eryx 

m
exicana 

FG
 S5 

1.18 
1.95 

12.53 
1.80E+

06 
0.04 

0 

N
A

 
A

rtiod
actyla A

ntilocap
rid

ae C
ap

rom
eryx 

m
inor 

FG
 S5 

1.00 
1.32 

16.98 
1.66E+

06 
0.04 

0 

N
A

 
A

rtiod
actyla A

ntilocap
rid

ae Stockoceros 
conkling

i 
FG

 S5 
1.71 

6.72 
5.00 

2.33E+
06 

0.08 
0 

N
A

 
A

rtiod
actyla A

ntilocap
rid

ae Stockoceros 
onusrosag

ris 
FG

 S5 
1.74 

7.27 
4.73 

2.37E+
06 

0.08 
0 

N
A

 
A

rtiod
actyla A

ntilocap
rid

ae Tetram
eryx 

shuleri 
FG

 S5 
1.78 

7.96 
4.43 

2.41E+
06 

0.09 
0 

N
A

 
A

rtiod
actyla B

ovid
ae B

ison latifrons 
H

G
 S5 

2.95 
45.91 

0.58 
4.26E+

06 
0.11 

0 

N
A

 
A

rtiod
actyla B

ovid
ae B

ison p
riscus 

FG
 S5 

2.95 
156.40 

0.58 
4.26E+

06 
0.39 

0 

N
A

 
A

rtiod
actyla B

ovid
ae B

ootherium
 

b
om

b
ifrons 

FG
 S5 

2.48 
45.33 

1.32 
3.38E+

06 
0.20 

0 

N
A

 
A

rtiod
actyla B

ovid
ae B

os g
runniens 

FG
 S5 

2.70 
80.25 

0.90 
3.77E+

06 
0.27 

0 

N
A

 
A

rtiod
actyla B

ovid
ae Euceratherium

 
collinum

 
FG

 S5 
2.65 

71.28 
0.98 

3.68E+
06 

0.26 
0 

N
A

 
A

rtiod
actyla B

ovid
ae O

ream
nos 

harring
toni 

FG
 S5 

1.88 
10.07 

3.75 
2.53E+

06 
0.10 

0 



!
24!

N
A

 
A

rtiod
actyla B

ovid
ae Saig

a sp
p

. 
FG

 S5 
1.70 

6.58 
5.08 

2.32E+
06 

0.08 
0 

N
A

 
A

rtiod
actyla B

ovid
ae Sym

b
os cavifrons 

FG
 S5 

2.60 
62.47 

1.07 
3.59E+

06 
0.24 

0 

N
A

 
A

rtiod
actyla C

am
elid

ae C
am

elop
s 

hesternus 
FG

 S5 
3.04 

196.87 
0.50 

4.44E+
06 

0.44 
0 

N
A

 
A

rtiod
actyla C

am
elid

ae C
am

elop
s 

huerfanensis 
H

G
 S5 

2.85 
33.47 

0.70 
4.04E+

06 
0.09 

0 

N
A

 
A

rtiod
actyla C

am
elid

ae H
em

iauchenia 
m

acrocep
hala 

FG
 S5 

2.04 
15.15 

2.81 
2.74E+

06 
0.12 

0 

N
A

 
A

rtiod
actyla C

am
elid

ae Palaeolam
a 

m
irifica 

FG
 S5 

1.90 
10.78 

3.57 
2.56E+

06 
0.10 

0 

N
A

 
A

rtiod
actyla C

ervid
ae A

lces latifrons 
FG

 S5 
2.93 

146.51 
0.61 

4.21E+
06 

0.37 
0 

N
A

 
A

rtiod
actyla C

ervid
ae C

ervalces scotti 
FG

 S5 
2.80 

104.57 
0.76 

3.96E+
06 

0.31 
0 

N
A

 
A

rtiod
actyla C

ervid
ae N

avahoceros fricki 
FG

 S5 
2.40 

37.05 
1.52 

3.26E+
06 

0.18 
0 

N
A

 
A

rtiod
actyla C

ervid
ae Sang

am
ona 

fug
itiva 

FG
 S5 

2.20 
22.33 

2.15 
2.95E+

06 
0.14 

0 

N
A

 
A

rtiod
actyla Tayassuid

ae M
ylohyus 

nasutus 
FG

 S5 
1.88 

10.07 
3.75 

2.53E+
06 

0.10 
0 

N
A

 
A

rtiod
actyla Tayassuid

ae Platyg
onus 

com
p

ressus 
FG

 S5 
2.04 

15.15 
2.81 

2.74E+
06 

0.12 
0 

N
A

 
Perissod

actyla Eq
uid

ae Eq
uus alaskae 

H
G

 S5 
2.57 

14.77 
1.13 

3.54E+
06 

0.06 
0 

N
A

 
Perissod

actyla Eq
uid

ae Eq
uus cab

allus 
H

G
 S5 

2.40 
8.68 

1.52 
3.26E+

06 
0.04 

0 

N
A

 
Perissod

actyla Eq
uid

ae Eq
uus 

com
p

licatus 
H

G
 S5 

2.60 
16.26 

1.07 
3.59E+

06 
0.06 

0 

N
A

 
Perissod

actyla Eq
uid

ae Eq
uus 

conversid
ens 

H
G

 S5 
2.49 

11.39 
1.31 

3.40E+
06 

0.05 
0 

N
A

 
Perissod

actyla Eq
uid

ae Eq
uus fraternus 

H
G

 S5 
2.41 

9.10 
1.48 

3.28E+
06 

0.04 
0 

N
A

 
Perissod

actyla Eq
uid

ae Eq
uus g

ig
anteus 

H
G

 S5 
2.60 

16.26 
1.07 

3.59E+
06 

0.06 
0 

N
A

 
Perissod

actyla Eq
uid

ae Eq
uus hem

ionus 
H

G
 S5 

2.40 
8.68 

1.52 
3.26E+

06 
0.04 

0 

N
A

 
Perissod

actyla Eq
uid

ae Eq
uus laurentius 

H
G

 S5 
2.81 

30.34 
0.74 

3.98E+
06 

0.09 
0 

N
A

 
Perissod

actyla Eq
uid

ae Eq
uus 

niob
rarensis 

H
G

 S5 
2.52 

12.81 
1.22 

3.46E+
06 

0.05 
0 



!
25!

N
A

 
Perissod

actyla Eq
uid

ae Eq
uus 

occid
entalis 

H
G

 S5 
2.76 

25.98 
0.81 

3.88E+
06 

0.08 
0 

N
A

 
Perissod

actyla Eq
uid

ae Eq
uus scotti 

H
G

 S5 
2.74 

24.88 
0.84 

3.85E+
06 

0.08 
0 

N
A

 
Perissod

actyla Tap
irid

ae Tap
irus 

californicus 
H

G
 S14 

2.60 
16.26 

1.07 
3.59E+

06 
0.06 

0 

N
A

 
Perissod

actyla Tap
irid

ae Tap
irus cop

ei 
H

G
 S14 

2.50 
11.95 

1.27 
3.42E+

06 
0.05 

0 

N
A

 
Perissod

actyla Tap
irid

ae Tap
irus 

veroensis 
H

G
 S14 

2.44 
9.87 

1.41 
3.32E+

06 
0.05 

0 

N
A

 
Prob

oscid
ea Elep

hantid
ae M

am
m

uthus 
colum

b
i 

H
G

 S5 
3.90 

600.24 
0.11 

6.74E+
06 

0.46 
0 

N
A

 
Prob

oscid
ea Elep

hantid
ae M

am
m

uthus 
im

p
erator 

H
G

 S5 
4.00 

768.68 
0.10 

7.06E+
06 

0.52 
0 

N
A

 
Prob

oscid
ea Elep

hantid
ae M

am
m

uthus 
p

rim
ig

enius 
H

G
 S5 

3.74 
393.98 

0.15 
6.23E+

06 
0.37 

0 

N
A

 
Prob

oscid
ea G

om
p

hotheriid
ae 

C
uvieronius sp

p
. 

H
G

 S5 
3.70 

353.55 
0.16 

6.11E+
06 

0.35 
0 

N
A

 
Prob

oscid
ea M

am
m

utid
ae M

am
m

ut 
am

ericanum
 

H
G

 S5 
3.66 

315.38 
0.17 

5.98E+
06 

0.33 
0 

N
A

 
Rod

entia C
astorid

ae C
astoroid

es 
ohioensis 

H
G

 S17 
2.18 

4.27 
2.23 

2.92E+
06 

0.03 
0 

N
A

 
Rod

entia H
yd

rochoerid
ae N

eocherus 
oesop

i 
H

G
 S20 

1.78 
1.11 

4.43 
2.41E+

06 
0.01 

0 

N
A

 
Rod

entia H
yd

rochoerid
ae N

eochoerus 
p

inckneyi 
H

G
 S20 

1.85 
1.40 

3.95 
2.49E+

06 
0.01 

0 

N
A

 
X

enarthra D
asyp

od
id

ae H
olm

esina  
sep

tentrionalis 
H

G
 S5 

2.40 
8.68 

1.52 
3.26E+

06 
0.04 

0 

N
A

 
X

enarthra G
lyp

tod
ontid

ae G
lyp

totherium
 

florid
anum

 
H

G
 S5 

3.04 
58.88 

0.50 
4.44E+

06 
0.13 

0 

N
A

 
X

enarthra G
lyp

tod
ontid

ae G
lyp

totherium
 

m
exicanum

 
H

G
 S5 

3.04 
58.88 

0.50 
4.44E+

06 
0.13 

0 

N
A

 
X

enarthra M
eg

alonychid
ae M

eg
alonyx 

jeffersonii 
H

G
 S5 

2.78 
27.50 

0.79 
3.91E+

06 
0.08 

0 



!
26!

N
A

 
X

enarthra M
eg

atheriid
ae Erem

otherium
 

rusconii 
H

G
 S5 

3.54 
234.71 

0.21 
5.67E+

06 
0.28 

0 

N
A

 
X

enarthra M
eg

atheriid
ae N

othrotheriop
s 

shastense 
H

G
 S5 

2.48 
11.10 

1.32 
3.38E+

06 
0.05 

0 

N
A

 
X

enarthra M
ylod

ontid
ae G

lossotherium
 

harlani 
H

G
 S5 

3.20 
92.10 

0.38 
4.80E+

06 
0.17 

0 

SA
 

A
rtiod

actyla C
am

elid
ae Eulam

aop
s 

p
arallelus 

FG
 S5 

2.18 
21.18 

2.23 
2.92E+

06 
0.14 

0 

SA
 

A
rtiod

actyla C
am

elid
ae H

em
iauchenia 

p
arad

oxa 
FG

 S5 
3.00 

176.46 
0.54 

4.36E+
06 

0.41 
0 

SA
 

A
rtiod

actyla C
am

elid
ae Palaeolam

a sp
p

. 
FG

 S5 
3.00 

176.46 
0.54 

4.36E+
06 

0.41 
0 

SA
 

A
rtiod

actyla C
ervid

ae A
g

alm
aceros sp

p
. 

FG
 S5 

1.78 
7.96 

4.43 
2.41E+

06 
0.09 

0 

SA
 

A
rtiod

actyla C
ervid

ae C
haritoceros sp

p
. 

FG
 S5 

1.78 
7.96 

4.43 
2.41E+

06 
0.09 

0 

SA
 

A
rtiod

actyla C
ervid

ae M
orenelap

hus 
axp

eitianus 
FG

 S5 
1.70 

6.58 
5.08 

2.32E+
06 

0.08 
0 

SA
 

A
rtiod

actyla C
ervid

ae M
orenelap

hus 
lujanensis 

FG
 S5 

1.70 
6.58 

5.08 
2.32E+

06 
0.08 

0 

SA
 

A
rtiod

actyla C
ervid

ae Paraceros sp
p

. 
FG

 S5 
2.48 

45.33 
1.32 

3.38E+
06 

0.20 
0 

SA
 

A
rtiod

actyla Tayassuid
ae Platyg

onus sp
p

. 
FG

 S5 
1.70 

6.58 
5.08 

2.32E+
06 

0.08 
0 

SA
 

Litop
terna M

acraucheniid
ae 

M
acrauchenia p

atachonica 
FG

 S5 
2.99 

174.04 
0.54 

4.34E+
06 

0.41 
0 

SA
 

Litop
terna M

acraucheniid
ae 

W
ind

hausenia sp
p

. 
FG

 S5 
2.85 

117.44 
0.70 

4.04E+
06 

0.33 
0 

SA
 

N
otoung

ulata Toxod
ontid

ae 
M

ixotoxod
on sp

p
. 

FG
 S23 

3.00 
176.46 

0.54 
4.36E+

06 
0.41 

0 

SA
 

N
otoung

ulata Toxod
ontid

ae Toxod
on 

b
ilob

id
ens 

FG
 S23 

3.04 
196.87 

0.50 
4.44E+

06 
0.44 

0 

SA
 

N
otoung

ulata Toxod
ontid

ae Toxod
on 

b
urm

eisteri 
FG

 S23 
3.04 

196.87 
0.50 

4.44E+
06 

0.44 
0 

SA
 

N
otoung

ulata Toxod
ontid

ae Toxod
on 

p
arad

oxus 
FG

 S23 
3.00 

176.46 
0.54 

4.36E+
06 

0.41 
0 

SA
 

N
otoung

ulata Toxod
ontid

ae Toxod
on 

p
latensis 

FG
 S23 

3.22 
312.72 

0.37 
4.83E+

06 
0.56 

0 



!
27!

SA
 

Perissod
actyla Eq

uid
ae Eq

uus and
ium

 
H

G
 S5 

2.34 
7.29 

1.67 
3.17E+

06 
0.04 

0 

SA
 

Perissod
actyla Eq

uid
ae Eq

uus insulatus 
H

G
 S5 

2.55 
13.68 

1.18 
3.50E+

06 
0.06 

0 

SA
 

Perissod
actyla Eq

uid
ae Eq

uus lasallei 
H

G
 S5 

2.54 
13.63 

1.18 
3.49E+

06 
0.06 

0 

SA
 

Perissod
actyla Eq

uid
ae Eq

uus neog
eus 

H
G

 S5 
2.58 

15.09 
1.11 

3.55E+
06 

0.06 
0 

SA
 

Perissod
actyla Eq

uid
ae Eq

uus 
santaeelenae 

H
G

 S5 
2.54 

13.63 
1.18 

3.49E+
06 

0.06 
0 

SA
 

Perissod
actyla Eq

uid
ae H

ip
p

id
ion 

p
rincip

ale 
H

G
 S5 

2.71 
22.37 

0.89 
3.78E+

06 
0.08 

0 

SA
 

Perissod
actyla Eq

uid
ae H

ip
p

id
ion 

sald
iasi 

H
G

 S5 
2.42 

9.39 
1.45 

3.30E+
06 

0.04 
0 

SA
 

Perissod
actyla Eq

uid
ae O

nohip
p

id
ium

 
sp

p
. 

H
G

 S13 
2.49 

11.63 
1.29 

3.41E+
06 

0.05 
0 

SA
 

Prob
oscid

ea G
om

p
hotheriid

ae 
C

uvieronius sp
p

. 
H

G
 S5 

3.70 
353.55 

0.16 
6.11E+

06 
0.35 

0 

SA
 

Prob
oscid

ea G
om

p
hotheriid

ae 
H

ap
lom

astod
on chim

b
orazi 

H
G

 S5 
3.78 

434.73 
0.14 

6.34E+
06 

0.39 
0 

SA
 

Prob
oscid

ea G
om

p
hotheriid

ae 
N

otiom
astod

on sp
p

. 
H

G
 S5 

3.79 
450.54 

0.14 
6.39E+

06 
0.39 

0 

SA
 

Prob
oscid

ea G
om

p
hotheriid

ae 
Steg

om
astod

on sup
erb

us 
H

G
 S5 

3.88 
565.20 

0.12 
6.66E+

06 
0.44 

0 

SA
 

Rod
entia H

yd
rochoerid

ae N
eochoerus 

sulcid
ens 

H
G

 S20 
2.18 

4.27 
2.23 

2.92E+
06 

0.03 
0 

SA
 

X
enarthra D

asyp
od

id
ae Eutatus sp

p
. 

H
G

 S5 
2.16 

4.05 
2.29 

2.90E+
06 

0.03 
0 

SA
 

X
enarthra D

asyp
od

id
ae H

olm
esina  

occid
entalis 

H
G

 S5 
2.30 

6.39 
1.80 

3.11E+
06 

0.04 
0 

SA
 

X
enarthra D

asyp
od

id
ae H

olm
esina  

p
aulacoutoi 

H
G

 S5 
2.10 

3.30 
2.55 

2.81E+
06 

0.02 
0 

SA
 

X
enarthra D

asyp
od

id
ae Pam

p
atherium

 
hum

b
old

tii 
H

G
 S5 

2.18 
4.27 

2.23 
2.92E+

06 
0.03 

0 

SA
 

X
enarthra D

asyp
od

id
ae Pam

p
atherium

 
typ

um
 

H
G

 S5 
2.30 

6.39 
1.80 

3.11E+
06 

0.04 
0 

SA
 

X
enarthra D

asyp
od

id
ae Prop

raop
us 

g
rand

is 
H

G
 S5 

1.67 
0.76 

5.32 
2.29E+

06 
0.01 

0 



!
28!

SA
 

X
enarthra G

lyp
tod

ontid
ae 

C
hlam

yd
otherium

 sp
p

. 
H

G
 S5 

2.24 
5.31 

1.98 
3.02E+

06 
0.03 

0 

SA
 

X
enarthra G

lyp
tod

ontid
ae D

oed
icurus 

clavicaud
atus 

H
G

 S5 
3.17 

83.81 
0.40 

4.72E+
06 

0.16 
0 

SA
 

X
enarthra G

lyp
tod

ontid
ae G

lyp
tod

on 
clavip

es 
H

G
 S5 

3.30 
121.58 

0.32 
5.04E+

06 
0.20 

0 

SA
 

X
enarthra G

lyp
tod

ontid
ae G

lyp
tod

on 
reticulatus 

H
G

 S5 
2.94 

43.50 
0.60 

4.22E+
06 

0.11 
0 

SA
 

X
enarthra G

lyp
tod

ontid
ae H

op
lop

horus 
sp

p
. 

H
G

 S5 
2.45 

10.11 
1.40 

3.33E+
06 

0.05 
0 

SA
 

X
enarthra G

lyp
tod

ontid
ae Lom

ap
horus 

sp
p

. 
H

G
 S5 

2.40 
8.68 

1.52 
3.26E+

06 
0.04 

0 

SA
 

X
enarthra G

lyp
tod

ontid
ae 

N
eosclerocalyp

tus sp
p

. 
H

G
 S5 

2.30 
6.39 

1.80 
3.11E+

06 
0.04 

0 

SA
 

X
enarthra G

lyp
tod

ontid
ae 

N
eothoracop

horus d
ep

ressus 
H

G
 S5 

3.04 
58.88 

0.50 
4.44E+

06 
0.13 

0 

SA
 

X
enarthra G

lyp
tod

ontid
ae 

N
eothoracop

horus elevatus 
H

G
 S5 

2.90 
39.61 

0.63 
4.16E+

06 
0.10 

0 

SA
 

X
enarthra G

lyp
tod

ontid
ae Panochthus 

tub
erculatus 

H
G

 S5 
3.03 

56.32 
0.51 

4.41E+
06 

0.13 
0 

SA
 

X
enarthra G

lyp
tod

ontid
ae Plaxhap

lous 
canaliculatus 

H
G

 S5 
3.11 

72.28 
0.44 

4.60E+
06 

0.15 
0 

SA
 

X
enarthra G

lyp
tod

ontid
ae Sclerocalyp

tus 
ornatus 

H
G

 S5 
2.45 

10.11 
1.40 

3.33E+
06 

0.05 
0 

SA
 

X
enarthra M

eg
alonychid

ae N
othrop

us 
sp

p
. 

H
G

 S5 
2.00 

2.39 
3.02 

2.69E+
06 

0.02 
0 

SA
 

X
enarthra M

eg
alonychid

ae 
N

othrotherium
 sp

p
. 

H
G

 S5 
2.18 

4.27 
2.23 

2.92E+
06 

0.03 
0 

SA
 

X
enarthra M

eg
alonychid

ae O
cnop

us 
sp

p
. 

H
G

 S5 
2.48 

11.10 
1.32 

3.38E+
06 

0.05 
0 

SA
 

X
enarthra M

eg
alonychid

ae V
alg

ip
es sp

p
. 

H
G

 S5 
2.30 

6.39 
1.80 

3.11E+
06 

0.04 
0 

SA
 

X
enarthra M

eg
atheriid

ae Erem
otherium

 
laurillard

i 
H

G
 S5 

2.90 
39.61 

0.63 
4.16E+

06 
0.10 

0 



!
29!

SA
 

X
enarthra M

eg
atheriid

ae Erem
otherium

 
rusconii 

H
G

 S5 
3.54 

234.71 
0.21 

5.67E+
06 

0.28 
0 

SA
 

X
enarthra M

eg
atheriid

ae M
eg

atherium
 

am
ericanum

 
H

G
 S5 

3.80 
456.45 

0.14 
6.40E+

06 
0.40 

0 

SA
 

X
enarthra M

eg
atheriid

ae 
Param

eg
atherium

 sp
p

. 
H

G
 S5 

3.54 
234.71 

0.21 
5.67E+

06 
0.28 

0 

SA
 

X
enarthra M

ylod
ontid

ae G
lossotherium

 
m

yloid
es 

H
G

 S5 
3.08 

65.54 
0.47 

4.53E+
06 

0.14 
0 

SA
 

X
enarthra M

ylod
ontid

ae G
lossotherium

 
rob

ustum
 

H
G

 S5 
3.23 

100.99 
0.36 

4.88E+
06 

0.18 
0 

SA
 

X
enarthra M

ylod
ontid

ae Lestod
on 

arm
atus 

H
G

 S5 
3.53 

226.72 
0.21 

5.63E+
06 

0.27 
0 

SA
 

X
enarthra M

ylod
ontid

ae M
ylod

on listai 
H

G
 S5 

3.00 
52.34 

0.54 
4.36E+

06 
0.12 

0 

SA
 

X
enarthra M

ylod
ontid

ae Scelid
od

on sp
p

. 
H

G
 S5 

3.00 
52.34 

0.54 
4.36E+

06 
0.12 

0 

SA
 

X
enarthra M

ylod
ontid

ae Scelid
otherium

 
lep

tocep
halum

 
H

G
 S5 

3.05 
60.14 

0.49 
4.46E+

06 
0.13 

0 

A
F 

A
rtiod

actyla B
ovid

ae Eud
orcas rufina 

FG
 S13 

1.60 
5.22 

6.00 
2.22E+

06 
0.07 

0 

A
F 

A
rtiod

actyla B
ovid

ae H
ip

p
otrag

us 
leucop

haeus 
FG

 S13 
2.18 

21.18 
2.23 

2.92E+
06 

0.14 
0 

A
F 

Perissod
actyla Eq

uid
ae Eq

uus q
uag

g
a 

H
G

 S13 
2.60 

16.26 
1.07 

3.59E+
06 

0.06 
0 

A
U

S 
D

ip
rotod

ontia M
acrop

od
id

ae M
acrop

us 
g

reyi 
FG

 S14 
1.00 

1.32 
16.98 

1.66E+
06 

0.04 
0 

EA
 

A
rtiod

actyla B
ovid

ae G
azella arab

ica 
FG

 S13 
1.08 

1.57 
14.81 

1.72E+
06 

0.04 
0 

EA
 

A
rtiod

actyla B
ovid

ae G
azella b

ilkis 
FG

 S13 
1.69 

6.38 
5.20 

2.31E+
06 

0.08 
0 

EA
 

A
rtiod

actyla C
ervid

ae C
ervus 

schom
b

urg
ki 

FG
 S13 

2.04 
15.15 

2.81 
2.74E+

06 
0.12 

0 

EA
 

Perissod
actyla Eq

uid
ae Eq

uus ferus 
H

G
 S13 

2.40 
8.68 

1.52 
3.26E+

06 
0.04 

0 

A
U

S 
A

rtiod
actyla B

ovid
ae B

os javanicus 
FG

 S12 
2.68 

75.75 
0.94 

3.72E+
06 

0.26 
0 

A
U

S 
A

rtiod
actyla B

ovid
ae B

ub
alus b

ub
alis 

FG
 S13 

2.92 
141.60 

0.62 
4.18E+

06 
0.37 

0 

A
U

S 
A

rtiod
actyla B

ovid
ae C

ap
ra hircus 

FG
 S12 

1.53 
4.35 

6.86 
2.13E+

06 
0.06 

0 

A
U

S 
A

rtiod
actyla C

am
elid

ae C
am

elus 
d

rom
ed

arius 
FG

 S12 
2.90 

136.72 
0.63 

4.16E+
06 

0.36 
0 



!
30!

A
U

S 
A

rtiod
actyla C

ervid
ae A

xis axis 
FG

 S12 
1.84 

9.29 
3.97 

2.49E+
06 

0.09 
0 

A
U

S 
A

rtiod
actyla C

ervid
ae A

xis p
orcinus 

FG
 S13 

1.54 
4.55 

6.64 
2.15E+

06 
0.07 

0 

A
U

S 
A

rtiod
actyla C

ervid
ae C

ervus elap
hus 

FG
 S12 

2.08 
16.56 

2.64 
2.79E+

06 
0.12 

0 

A
U

S 
A

rtiod
actyla C

ervid
ae C

ervus tim
orensis 

FG
 S12 

1.80 
8.38 

4.27 
2.44E+

06 
0.09 

0 

A
U

S 
A

rtiod
actyla C

ervid
ae C

ervus unicolor 
FG

 S12 
2.23 

24.11 
2.04 

3.00E+
06 

0.15 
0 

A
U

S 
A

rtiod
actyla C

ervid
ae D

am
a d

am
a 

FG
 S12 

1.69 
6.38 

5.20 
2.31E+

06 
0.08 

0 

A
U

S 
A

rtiod
actyla Suid

ae Sus scrofa 
FG

 S14 
1.94 

11.68 
3.37 

2.60E+
06 

0.10 
0 

A
U

S 
Perissod

actyla Eq
uid

ae Eq
uus asinus 

H
G

 S12 
2.51 

12.35 
1.25 

3.44E+
06 

0.05 
0 

 D
om

estic anim
als 

 
 

 
 

 
 

 

 
C

attle 
 

2.54 
53.81 

 
 

 
0.9 

 
B

uffalo 
 

2.63 
66.86 

 
 

 
0.95 

 
Pig

 
 

2.30 
28.98 

 
 

 
0.05 

 
Sheep

 
 

1.78 
7.96 

 
 

 
0.05 

 
G

oat 
 

1.65 
5.90 

 
 

 
0.05 

       
 



!
31!

T
ab

le
 S

2
. G

re
at B

asin
 e

stim
ate

s o
f B

iso
n

 b
iso

n
.  Estim

ates are b
ased

 on sex sp
ecific ag

e classes and
 d

em
og

rap
hics. B

ecause 
IPC

C
 recom

m
end

ed
 m

ethod
s w

ere d
evelop

ed
 for herb

ivores ab
out the size of b

ison, results b
ased

 on the allom
etric m

ethod
olog

y are 
q

uite sim
ilar to those from

 the Tier 2; this is not norm
ally the case (S3). 

A
g

e C
lass 

Sex 
M

ass  
(log

 kg
) 

Pop
ulation 
(N

) 
A

nnual Pop
ulation C

H
4 

Em
issions (Tg

 yr -1) 
A

nnual Pop
ulation C

H
4 Em

issions 
(Tg

 yr -1) 

0-1 
F 

2.18 
2.00E+

06 
0.04 

0.09 
1-2 

F 
2.49 

2.00E+
06 

0.09 
0.14 

2-4 
F 

2.60 
3.00E+

06 
0.19 

0.23 
4-8 

F 
2.63 

4.00E+
06 

0.27 
0.30 

8-12 
F 

2.63 
3.00E+

06 
0.20 

0.22 
12-16 

F 
2.63 

3.00E+
06 

0.20 
0.22 

0-1 
M

 
2.22 

2.00E+
06 

0.05 
0.09 

1-2 
M

 
2.45 

2.00E+
06 

0.08 
0.10 

2-4 
M

 
2.60 

3.00E+
06 

0.19 
0.21 

4-8 
M

 
2.76 

3.00E+
06 

0.28 
0.27 

8-12 
M

 
2.85 

2.00E+
06 

0.24 
0.21 

12-16 
M

 
2.85 

1.00E+
06 

0.12 
0.10 

 
 

 
 

 
 

Total H
erd

  
 

 
30,000,000 

1.95 
2.16 

 
 

 
 

 
 

 C
alcu

latio
n

s b
ase

d
 o

n
 w

h
o

le
 h

e
rd

 allo
m

e
tric re

latio
n

sh
ip

 w
ith

 ave
rag

e
 m

ass 
in

 lo
g

 kg
: 

 
 

A
verag

e for H
erd

 
B

oth 
2.61 

30,000,000 
1.93 

2.16 
  

 



! 32!

Table S3. Results of Wilcoxon-Mann-Whitney Rank Sum Test on methane 
decreases in ice core records. Other Periods includes all time intervals of the ice core 
record excluding the Extinction Horizon/Younger Dryas cold episode (EX/YD). Non-parametric 
tests were used to assess significance because data were non-normal; results were identical 
when employing Students t-test for unpaired data with unequal variances. Slopes were 
determined for each 1000-yr window across each core (see text); for statistical reasons, a 
minimum of 5 values was required to estimate the regression (df=4). However, results were the 
same when the criteria was relaxed to N=3. 

 Other Periods EX/YD 

European Project for Ice Coring in Antarctica (EPICA) Dome 3 
N 316 6 
Median 0.024 0.225 
Median Difference -0.200315 
Sum of Group 1 ranks 50086 
Sum of Group 2 ranks 1917 
P Value < .0001 
 
North Greenland Eemian Ice Drilling (NEEM) 
N 547 8 
Median 0.024 0.227 
Median Difference -0.202745 
Sum of Group 1 ranks 1.4991e+05 
Sum of Group 2 ranks 4385 
P Value < .0001 
 
Greenland Ice Sheet Project Two (GISP2) 
N 42 3 
Median 0.042 0.193 
Median Difference -0.1509 
Sum of Group 1 ranks 903 
Sum of Group 2 ranks 132 
P Value 0.004 
 
West Antarctic Ice Sheet Divide (WAIS) 
N 122 6 
Median 0.025 0.243 
Median Difference -0.217873 
Sum of Group 1 ranks 7503 
Sum of Group 2 ranks 753 
P Value < .0001 
!
!
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Fig.%S1.!Histogram!of!slopes!from!a!10003yr!moving!window!analysis!of!the!
North!Greenland!Eemian!Ice!Drilling!(NEEM)!core.!!Slopes!from!EX/YD!are!
highlighted!in!yellow.!All!slopes!are!negative.!
!
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!
Fig.%S2.!Histogram!of!slopes!from!a!10003yr!moving!window!analysis!of!the!
Greenland!Ice!Sheet!Project!Two!(GISP2)!core.!!Slopes!from!EX/YD!are!
highlighted!in!yellow.!All!slopes!are!negative.!
!
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!
Fig.%S3.!Histogram!of!the!slopes!from!a!10003yr!moving!window!analysis!of!the!
European!Project!for!Ice!Coring!in!Antarctica!(EPICA)!Dome!3!core.!!Slopes!from!
EX/YD!are!highlighted!in!yellow.!All!slopes!are!negative.!



! 36!

 
 
 
 
 
 
 

Fig.%S4.!Histogram!of!the!slopes!from!a!10003yr!moving!window!analysis!of!the!West!
Antarctic!Ice!Sheet!Divide!(WAIS)!2015!ice!core.!!Slopes!from!EX/YD!are!highlighted!in!
yellow.!All!slopes!are!negative.! !
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!
!
!
!
!
Fig.!S5.!!‘Rate’!of!change!in!methane!concentration!between!each!23year!interval!for!the!
highly3resolved!2015!West!Antarctic!Ice!Sheet!Divide!(WAIS)!core.!
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