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What kind of How hot?

vegetation?

What did
animals
eat?

How much
shade?



Elements are defined by the number of protons in the nucleus:

1=H,2=He,3=Li,4=Be,5=B,6=C,7=N,8=0,and so on .
) PERIODIC TABLE OF THE ELEMENTS

et d
' [, N — 3 W 15 % W ﬂe
S| A e A I e |
Ty S, = e re . e (o
, | Li | Be B CYNIJO|F |Ne
ol i ESacae Rl S R R R
‘&r Cf 1

“1 o p— L | .;ﬂ R j R | 1L = R 3
| K |Ca|Sc Ti* Vi Cr’Mni Fe|Co | Ni | Cu|Zn| Ga| Ge’| As’ Se" Br~
Pt | Cocum | Sconoum Toawen | Veradum | Orvomee | Mangaress Cotat Yo Gafuny | Gemanian | Aowenc P burve oo
e T e Ty Tl TLAHR YLk Lall YLVl 1 il Ll e e T T
s |[Rb|Sr| Y | Zr INb Mo | Tc|Ru | Rh|Pd Ag Cd| In | Sn| Sb"| Te"| | & Xe:

|
z
|
§
?

B0 L l"'“ e S L 'I'“"“EI“"“"!""g%ﬁ"“"'ﬂ’;’“';’r“"' f, 'i!-”.”ﬁ”“'%:’r"‘"'n’r“'*"
Rf Bh | Hs | Mt |Uun Uuu Uub Uut Uuq|Uup|Uuh Uus Uuo

b LTV Alrate Petebho| Ddvasn | Sedow o ——air Unavim | Unanaas | ndas | nuovus Lnspeadsad dugeraum | rartesns | wrseptond Ui o
< £ C 3 A IY o 0 'u;..\? Uuaf¥ol o B0 o fRui] o FF el o 8T an wlFa = e \om e e
1iklz[2l, | ieiha F S A S | S w {
alulel2e La | Ce Pr Nd Pm|Sm|Eu|Gd | Tb Dy Ho | Er |[Tm|Yb | Lu
"“:w 2 &% L | Conm iy Ncdemass | Prpmatas | Semanse | Cagare | Gadotrags | Sotees [ Dinomass | s (30 ol e~ bl BN
. 4 ‘ - - 9 < ‘e - o Niw ~rx -0 “x a o o s N
e N2 80w pansi sz Deanss RaaRes e 23l s s sl e Danaar Ranes 2o Doz Ranuisl
Py |

$101%(2 6 %0'W Aotinide R LT L R » - e )
siplnialein Ac Th Pa| U: Np-:| Pu:/Am: Cm Bk Cf Es |Fm Md| No | Lr
7.01' 2_‘ AT Mo Potscioun] Unews | Septovs | oo | Anescum | Cunn m Cattomum | Erumertan | Foomuam A [
SiRial2 ol ls o @l 0 Bl [ @ Bl FHas [0 fT0s [0 @%es fa 0o loa 0l o dlilerludfilas ] wilier | wdfPes ]y |0,




Isotopes are the different numbers of

neutrons for a given proton configuration

Isotope protons neutrons

2C 6 6
13C 6 7
4C 6 8

A

14C
ca. 1in 1012
(=0.0000000001%

13C

1.11%
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& 98.89%
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Isotope terminology

e R . . =1C/?C ratio in “phase”

phase —

* 31°C (%0) = (R .../ R -1)*1000

phase standard

e On Earth, 13C ranges from 1.04% to about
1.14% (ca. 6'°C range from -65%o to +25%o)



How do we use 1sotopes to determine ecology in
the tropics? Use 8!°C: C; and C, plants

Tropical
Grasses




C, photosynthesis
Where 1s 1t tound?

e C, plants

* C; plants

early photosynthetic
pathway

most dicots
cool-season grasses

Foods: vegetables,
fruits, beans, wheat,

barley, rye, meat (from
diet)

Tropical grasses and
sedges

T(month) > 22 °C
P(month > 50 mm
(very rare in dicots)

Foods: maize,
sorghum, sugar cane,
millet, tef, fonio, and
meat (from diet)



SHADE



What kind of How hot?

vegetation?

What did
animals
eat?

How much
shade?




Can we
quantify shade?

Shade = “woody cover”
Indicator of ecosystem structure



How do we use 1sotopes to determine ecology in
the tropics? Use 8!°C: C; and C, plants

Tropical
Grasses




How do we use 1sotopes to determine ecology in
the tropics? Use 0!°C: C; and C, plants

SHADE =~ Tropical
% 15 Grasses




method of Bird et al (2004).
subcanopy (=shade) vs. gap (open)

76 sites from tropics:
Kenya, Ethiopia, N. Australia, Brazil,
Botswana, Zambia, Malaysia

15 distance
15 distance

T

gap canopy
sample sample

Multiple samples from “gap” and “canopy’ used to
characterize each “site”. Crown canopy measured in
the field and using aerial photography
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Quantity woody cover:
0.6 m resolution imagery
ground transects
fish-eye photography




.1

3MC =

(SOM) %
” sl
'3"::'.1

fraction woody cover

Cerling et al., 2011
Crown canopy from 0.01 to 0.99
Not linear from C; to C, endmembers
use arcsin(sqrt) transformation (has limits of 0.0
and 1.0; r2=0.77)
Few C, plants until woody cover is < 70%
Non-woody (herbaceous) plants present in all sites
Calculate probability density function for shade
from soil / paleosol '3C
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canopy canopy canopy

gap gap
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Grassland
(ca. 60%)
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Woodland /
Bushland /
Shrubland
i (ca. 15%)
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What kind of
vegetation?

What did
animals
eat?

How much
shade?



Yo e

What about Temperature?

Turkana, Kenya: MAT =29°C
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The isotope carbonate paleothermometer:

CaC®°0, +H,"0 < CaC"™0"0,+H,°0

[Cac1801602][H216O] calcite
A= [cac0,JH,"0] A
3 2 warter
Although we can measure R calcite: Rw ater 1S unknown.



The 2C-130 carbonate paleothermometer:
CaCO, + CaCO, <> CaCO, +CaCO,
Ca'’C"®0"0, +Ca”C"°0, <= Ca'*C'°0, + Ca"”C"0"0,

K=[Ca €00, || ca”C 03% D

[Cal3C16O : ][Ca12C1801602

CaCO; + 2 H*= Ca** + CO, + H,O



Isotopologues of CO,
bcworo  mass: 44 The 12C-180 carbonate

20160170 i paleothermometer.
13C16()160) 45
12C160)180) 46 s | )
12C170170) 46 Measure all “i1sotopologues
1301600170 46 ) ) |

Compare clumped ™ value with
13C160)180) A7 random (high-temperature) value.
13C170170 47 Ny v

47 — 47-meas 47-random

130170180 48

Hence: A4,
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Analytical Precision:
0.010%0 = 2°C

A very small signal(!):
Agy7 0-50 °C: 0.2 %o

compare with:
813C in plants: ~15 %o

513 O in marine carb: ~5 %o

T( K)
325 300 275
1 1 1
@ Inorganic calibration
[] Corals
08+ O Fishotoliths
' O Soil carbonate
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| pplication to Turkana Paleosol Carbonates




Soil Carbonates

CaCO; (micritic calcite)

Need:

Cat** (mineral weathering, dust
flux)

CO, (plant respiration,
atmosphere)

H,O (rainfall, groundwater)
depth of formation (below

significant daily temperature
fluctuation)




The
Results....
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Passey et al., 2010

Temperature (°C)



Temperature (°C)

Measured Soil Temps,
Turkana Basin, Kenya

1-May

60 —
alr ternp 25 cm soil temp
40+
30} _
50 cm soil temp
20t
rainfall
10 . '|:
1-Sept 1-Nov 1-Jan 1-Mar
2008 | 2009

mean air temp: 31.1°C

mean 50 cm: 35.9°C
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Measured Soil Mean Temperatures, Kenya
(one year average at 30 cm)

Mgk

Forest Bush Open
Tleret (MAT 29°) 30.3 34.1 359
Samburu (MAT 24°) 26.2 29.0 33.6

Nairobi (MAT 18°) 18.4 19.5 218



Soil
Temperature
1 Envelope

Temperature (°C)

T L ] 12 1 ‘ £4
Hour of day

Use time-depth relationship to estimate

“composite-temperature day”
(Crank, 1956; Lin et al, 2011; Mace, 2012)




Grassland Mel‘u NP
June 2009 :
e Tana River

Mace, 2012
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ARIDITY



What kind of
vegetation?

What did
animals
eat?

How much
shade?



3180

Conceptual Model

Evaporation

i Aridity
I Index

w

Meteoric water

water deficit
(=increasing aridity)




Paleo-aridity

3180

Conceptual Model

Evaporation

| Aridity
I Index

v  ___»

Meteoric water

water deficit
(=increasing aridity)

Levin et al., 2006
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S00

Water Deficit (mm / year)

1000 1500 2000




1000 1800 2000
Water Deficit (mm / year)



Paleo-aridity:
Xeric environments

Turkana
Basin Tukane

(4 -1 Ma) .
N 4

Laphs _ 0

Nuwrolte ~L . Sambury
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.wo o 500 1000 1500 2000
Water Deficit (mm / year)
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VEGETATION



What kind of
vegetation?




DIETS



C, plants Which tfoods?

Oampdelh

CONDENSED

TOMTO
SOUP
, S




C, plants: Which foods?

B C, plants
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www.awf.org/files/3972 image2
western_gorilla_MWatson

What did
hominins
eat’?






BEFORE







African monkeys and apes

——— Baboons and allies

_  Guenons and allies Cercopithecidae

Colobines and allies

—— Gorilla
— pan Hominidae
v — Homo
New World
monkeys Asian Cercopithecidae and

T T T T T 1T T T T Hominidae not shown
50 40 30 20 10 0

Estimated divergence
(mi”iOnS Of yea rS) from Perleman et al (2011)



Chimpanzee Gorilla



What constitutes a “‘pure—
C;” diet for primates?

1. Diet of “pure-C;”
folivore

2. Data from:
Cerling et al., 2004,
2013,
unpublished

Nelson et al.. 2013 Modern African primates: monkeys and apes



What constitutes a “‘pure—
C;” diet for primates?

1. Diet of “pure-C;”
folivore

2. Data from:
Cerling et al., 2004,
2013,
unpublished

Nelson et al.. 2013 Modern African primates: monkeys and apes




What constitutes a “‘pure—
C;” diet for primates?

1. Diet of “pure-C;”
folivore

2. Data from:

Cerling et al., 2004,
2013,
unpublished

Codron et al, 2005

Levin et al, 2008

Carter et al 2010

Smith et al. 2010

Nelson et al., 2013

Martin et al, 2015

Sponheimer and
Lee-Thorp,
unpublished
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What constitutes a ‘“pure—
C;” diet for primates?

1. Diet of “pure-C;”
folivore

2. Fossil primates:
Nelson et al, 2007
(Miocene)
Zuetal. 2011
(Pleistocene)
Patnaik et al, 2014

(Miocene)

o’ 3Croa:h enamel
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........ fol yooed - .
ANOLY f w
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5: 3

Fossil primates
— hominoids

Indopithecus (n = I

£

Sivapithecus (n = 5)

Gigantopithecus (n

baboon (n = 69)
guenon (n = 30)
cotodbus (n= 21)
chimp (n = 81)

gorilla (n = 26)

A

- RO OO O

O3 Crooth enamel

g)




813C
(%o)

i

o

&n

.
ol
o

llllllllllllllll

Age (Ma)
45 40 35 3.0 2.5 20 15 10 05 00
-ttt -ttt

C4 - diet




Age (Ma)

& 45 40 35 3.0 25 20 15 10 05 00
1 C4 - diet
0-
] o '0‘ $
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513C 5.

l A 2 41 1
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-10- B
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N=14

Cs-diet

pimOoODn! @ @ o, O o o

Homo (Galana Bol)
Homo (1.4 10 1.67)
Homa (1.67 10 1.99)
Homo (2.3 Ma)

P boisei (1.4 10 1.67)
P boisel (1.72 10 1.93)

P. aethiopicus

K. platyops
Au. afarensis (Hadar)
Au. afarensis (W-M)




Modern
Theropithecus: another large-bodied primate baboon

Age (Ma)
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Results of the African
primate “experiment”
using C,-diet resources

Paranthropus goes extinct

Theropithecus extinct in lowlands.
Found only > 3500 m: C;-grass diet

Homo survives — omnivore diet
Other primate diet 1s C;-dominated

— Behavior (diet) leads evolutionar
(morphology) change

— C, based resource:
primary. grass /sedge

secondary. Insects / mea

13 .
0 Crcofh enamel
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Likely riparian forest near savanna or bushland

What kind of vegetation?

Samburu NR,
Kenya

L

- ~
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Parcand woocly Canoty cover
A 0 - ¥ " )
_4_..5__.._.~_.§--5._A.._A.---;____ — e

Mostly hot, and dry. Riparian s e

corridors. Human ancestors

used savanna resources.
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