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How hot?!What kind of!
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How much !
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How dry?!
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What did 
animals 

eat?!



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 = O, and so on .  .  .!



Isotopes are the different numbers of 
neutrons for a given proton configuration!

Isotope   protons   neutrons!

   12C           6             6!

   13C           6             7!

   14C           6             8!



Isotope terminology!

•  Rphase = 13C/12C ratio in “phase”!

• !13C (‰) = (Rphase / Rstandard -1)*1000!

• On Earth, 13C ranges from 1.04% to about 
1.14% (ca. !13C range from -65‰ to +25‰)!



Tropical!
Grasses!

Trees,!
Shrubs,!
Herbs!

How do we use isotopes to determine ecology in 
the tropics?  Use !13C:  C3 and C4 plants!



C4 photosynthesis "
Where is it found?!

• C3 plants!
•  early photosynthetic 

pathway!
•  most dicots!
•  cool-season grasses!
•  Foods:  vegetables, 

fruits, beans, wheat, 
barley, rye, meat (from 
diet)!

• C4 plants!
•  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) !
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Can we "
quantify shade?!

Shade = “woody cover”!
Indicator of ecosystem structure!

0.01!

0.21!

0.99!
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Tropical!
Grasses!

Trees,!
Shrubs,!

Herbs!

How do we use isotopes to determine ecology in 
the tropics?  Use !13C:  C3 and C4 plants!

SHADE 

Not- 
SHADE 

0.02!0.75!



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

gap !
sample!

canopy !
sample!

# distance!
# distance!

76 sites from tropics:  !
Kenya, Ethiopia, N. Australia, Brazil, !

Botswana, Zambia, Malaysia!

v! v!

0.01!

0.21!

0.99!

Multiple samples from “gap” and “canopy” used to 
characterize each “site”.  Crown canopy measured in 
the field and using aerial photography!



!“Canopy” and “gap” samples have 
similar !13C values at each site!

canopy!

gap!

canopy!

v! v!

0.01!

0.21!

0.99!



0.01!

0.21!

0.99!

0.01!

0.21!

0.99!

Quantity woody cover:!
    0.6 m resolution imagery!
    ground transects!
    fish-eye photography !



0.01!

0.21!

0.99!

•  Crown canopy from 0.01 to 0.99!
•  Not linear from C3 to C4 endmembers                  

use arcsin(sqrt) transformation (has limits of 0.0 
and 1.0; r2 = 0.77)!

•  Few C4 plants until woody cover is < 70%!
•  Non-woody (herbaceous) plants present in all sites!
•  Calculate probability density function for shade 

from soil / paleosol !13C!

Cerling et al., 2011!



0.01!

0.21!

0.99!

•  Calculate probability density function for shade 
from soil / paleosol !13C!



What about "
fossil record?  "

Use paleosols in 
East Africa!

canopy!

gap!

canopy!

v! v! gap! v!

canopy!

Cerling et al., !
2011!



1470!

Turkana Boy: !
KNM-WT-!

15000!

Black skull: 17000!

0.21!0.40!0.79! 0.65!
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0.1!

0.0!

Grassland!
(ca. 25%)!



0.2!

0.4!

0.1!

0.3!Wooded!
Grassland!
(ca. 60%)!



0.4!0.5!0.6!

0.7!

0.8!

Woodland /!
Bushland  /!
Shrubland!
(ca. 15%)!



0.8!

0.9!

Forest!
(< 1%)!
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15 %!
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What about Temperature?!

Nakuru NP, Kenya.  MAT = 17 °C!

Wikimedia Commons!

Turkana, Kenya:  MAT = 29°C!





Turkana Basin!
MAT =   29  °C!
MAP = 180 mm!

CRU 2.0 climatology!

New York 
 City 

Turkana 

Los Angeles 





The isotope carbonate paleothermometer: 
  

Although we can measure Rcalcite, Rwater is unknown.!



The 12C 18O carbonate paleothermometer: 
  

CaCO3 +  2 H+=  Ca+2  +  CO2  +  H2O!



The 12C 18O carbonate 
paleothermometer. 

  

12C16O16O! mass:  44!

12C16O17O!            45!
13C16O16O!            45!
! !
12C16O18O!            46!
12C17O17O!            46 !
13C16O17O!            46!

13C16O18O!            47!
13C17O17O!            47!

13C17O18O!            48!

Hence:  "47!

Isotopologues of CO2!

Measure all “isotopologues”!

Compare “clumped” value with 
random (high-temperature) value.!

"47 = M47-meas – M47-random!



A very small signal(!):!

!!13!C in plants:  ~15! ‰!
!!18!O in marine carb:  ~5! ‰!

"!47!, 0-50!°C:  0.2!‰!

Stable Isotope Paleotherm
om

eters!

Clumped Isotope Paleothermometry!

Eiler, 2007, EPSL!

Analytical Precision:!
0.010‰ # 2°C!

compare with:!



Application to Turkana Paleosol Carbonates!



Soil Tem
peratures!

Soil Carbonates!

CaCO3 (micritic calcite)!

Need: !

Ca++ (mineral weathering, dust 
flux)!

CO2 (plant respiration, 
atmosphere)!

H2O (rainfall, groundwater)!

depth of formation (below 
significant daily temperature 
fluctuation)!



present MAT!

The 
Results….!

Passey et al., 2010!



Measured Soil Temps, !
Turkana Basin, Kenya!

mean air temp: 31.1°C!

mean 50 cm: 35.9°C!



Forest! Bush! Open!
Ileret (MAT 29°)!

Samburu (MAT 24°)!

Nairobi (MAT 18°)! 18.4! ! 19.5! ! 21.8!

26.2! ! 29.0! ! 33.6!

30.3! ! 34.1! ! 35.9!

Measured Soil Mean Temperatures, Kenya!
(one year average at 30 cm)!



Use time-depth relationship to estimate 
“composite-temperature day”!

(Crank, 1956; Lin et al, 2011; Mace, 2012)!

0.01!

0.21!

0.99!



Meru NP."
Tana River!

Bush!
June 2009!

Riparian!
forest!

June 2009!

Grassland!
June 2009!

Mace, 2012!



Grassland!
June 2009!



9 am – 5 pm!
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Paleo-aridity  !
         =!
(            )!
      -!
(            )! Levin et al., 2006!





Turkana!
Basin !

(4 – 1 Ma)!

Not mesic 
environments!

Paleo-aridity:!
xeric environments!



VEGETATION!



What kind of!
vegetation?!?!

?!

?!

•    Mixed!
•   C3  / C4!



DIETS!



C4 plants:  Which foods?!
•  C3!
•  early photosynthetic pathway!
•  most dicots!
•  cool-season grasses!
•  Foods:  vegetables, fruits, 

beans, wheat, barley, rye, 
meat (from diet)!

•  C4!
•  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) !



•  C3 plants!
•  early photosynthetic pathway!
•  most dicots!
•  cool-season grasses!
•  Foods:  vegetables, fruits, 

beans, wheat, barley, rye, 
meat (from diet)!

•  C4 plants!
•  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) !

C4 plants:  Which foods?!



What did 
hominins 

eat?!

www.awf.org/files/3972_image2_!
western_gorilla_MWatson!

www.bonoboincongo.com/wp-content/themes/lomami!



o!
•  1000 km !

•  1.9 to 1.5 Ma!

Omo-Turkana  

Peninj 
Olduvai 

Baringo 



AFTER BEFORE 







Baboon! Guenon!

Chimpanzee! Gorilla!

Colobus!

Human!

All images from -wikipedia!



1. Diet of “pure-C3” 
folivore!

2. Data from:!
Cerling et al., 2004, 

2013, 
unpublished!

Nelson et al., 2013!

What constitutes a “pure–
C3” diet for primates?!

Modern African primates:  monkeys and apes !
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1. Diet of “pure-C3” 
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!

What constitutes a “pure–
C3” diet for primates?!

Modern African primates:  monkeys and apes !



1. Diet of “pure-C3” 
folivore!

2. Fossil primates:!
Nelson et al, 2007 

(Miocene)!
Zu et al., 2011 

(Pleistocene)!
Patnaik et al, 2014 

(Miocene)!

What constitutes a “pure–
C3” diet for primates?!

Fossil primates 
– hominoids!







Theropithecus:  another large-bodied primate!
Modern  
baboon 



Results of the African 
primate “experiment” 
using C4-diet resources "

Paranthropus goes extinct!

Theropithecus extinct in lowlands.!
Found only > 3500 m: C3-grass diet!

Homo survives – omnivore diet!

Other primate diet is C3-dominated!

– Behavior (diet) leads evolutionary!
(morphology) change!

– C4 based resource:!
! primary.  grass / sedge!

 ! secondary.  Insects / meat !





How hot?!

What kind of vegetation?!

How much  shade?!

How dry?!

What did animals eat?!

Likely riparian forest near savanna or bushland!

Fossil hominins had more savanna 
resources in diet than other co-eval 
primates.!

Not much - high soil temperatures and 
low vegetation cover (ca. 20% woody 
cover).  However, they would have been 
smart enough to use what shade was 
available.!

High water deficit - < 500 mm 
precipitation for most of past 4 Ma.!

Hot, hot, hot.  Similar to some of the 
hottest places on the planet today.!

Samburu NR, 
Kenya!



Mostly hot, and dry. Riparian 
corridors.  Human ancestors 

used savanna resources.!



Archer’s Post, Kenya!



Questions?!


