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Stable Isotopes in Veriebrate Paleontology
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Stable Isotopes in Veriebrate Paleontology
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Stable Isotopes in Veriebrate Paleontology

Paleoenvironmental Reconstruction
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The Need for a Global Stable Isotope Database
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Typical Specify data record

¥ Collection Object
Specify Number: 60976 Catalog No: 27101
Field Number: Source: UF
Nature of Spec: P2, left upper
Status of Spec: IN COLLECTION
Cataloger: UNKNOWN

| HULBERT (2005 SEUM OF
Remarks:

¥ Determinations
Taxon: Tapirus webbi
Preferred Taxon: Tapirus webbi
Qualifier: Modifier:
ID Date: Identifier:
Orig Identifier:
4 4 (S
¥ Collecting Information
Start Date: 1980 End Date:
LOVE BONE BED, AL001, North America USA Florida Alachua
Collector (verb): FLORIDA STATE MUSEUM CREW
¥ Collectors |
FirstName Middle Initial

¥ Col Obj Attribute

Provenience: NFD Stratigraphy:
] sampled ] Sampled for Stable Isotopes ["] Ssampled for REE [_] sampled for Radiocarbon ] other Sampling
Scanning:

Count Amount: 1

¥ Preparations

Old Cat No:
Accession:

Nat of Spec Abb:
Specimen Type: FIGURED
i Cataloged Date:

i (vl Current

Type Status: None

Merid

Collected Date: 1980

Remarks

Prep Type: fossil Count: 1 [11s OnLoan | Show Loansﬁ[ @ [o]

Nature of Spec: Nat of Spec Abb:

Fossil ID: tooth, upper; premolar

Fossil ID Agel

Our insertion of isotope data fields

¥ Preparation Attribute
Side: left
Completeness: complete
Ontogeny:
Sex: unknown
Pathology: none
Fossil ID Date: 06/20/2016
carbon isotope ... V-PDB
oxygen isotope ... V-PDB

Remarks:

¥ Collection Object Citations

Serial Number: second
Portion Present: all
Ontogeny Basis:
Sex Determination Basis:
Post mortem bone modification: none
delta C-13: -131
delta 0-18: 2.9

isotope sampling method: enamel; single

T -

Merid

Reference Work: Isotopic discrimination of resource partitioning among ungulates in C3-dominated communities from the Miocene of Florida and California ~ i

["] Is Figured

Figure Number:
Table Number:

Remarks




Typical Specify data record

¥ Collection Object
Specify Number: 60976 Catalog No: 27101 0ld Cat No:
Field Number: Source: UF Accessi
Nature of Spec: P2, left upper Nat of Spec Abb:
Status of Spec: IN COLLECTION Specimen Type: FIGURED
Cataloger: UNKNOWN i Cataloged Date:

Remarks:

¥ Determinations
Taxon: Tapirus webbi i vl Current
Preferred Taxon: Tapirus webbi
Qualifier: Modifier: Type Status: None
ID Date: Identifier:
Orig Identifier:

W[ 1ot |b

¥ Collecting nformaton ——™™——

Start Date: 1980 End Date: Collected Date: 1980
Locality: LOVE BONE BED, AL001, North America USA Florida Alachua
Collector (verb): FLORIDA STATE MUSEUM CREW

¥ Collectors
FirstName § Middle Initial LastName | Remarks

) VF|OfI03 State Museum Crew

¥ Col Obj Attibute ——— — — — — — 00—

Provenience: NFD Stratigraphy:
[] sampled [] sampled for Stable Isotopes ["] sampled for REE ["] sampled for Radiocarbon [] Other Sampling
Scanning:
Count Amount: 1
¥ Preparations
Prep Type: fossil Count: 1 [[]1s OnLoan | Show Loansﬁ[
Nature of Spec: Nat of Spec Abb:

Fossil ID: tooth, upper; premolar

Fossil ID Agent:

Merid

E--do

¥ Preparation Attribute
Side: left
Completeness: complete
Ontogeny:
Sex: unknown
Pathology: none
Fossil ID Date: 06/20/2016

carbon isotope ... V-PDB

Remarks:

Serial Number: second
Portion Present: al
Ontogeny Basis:
Sex Determination Basis:
Post mortem bone modification: none
delta C-13:
delta 0-18:

isotope sampling method:

Merid

‘¥ Collection Object citatons — — — — — — — — — — — — — —

Reference Work: Isotopic discrimination of resource partiti
["] Is Figured

Figure Number:
Table Number:

Remarks:

ning among ungulates in C3-dominated communities from the Miocene of Florida and California ~ &

 New preparation attributes can be added for each
tooth of a given specimen (e.g., m1, m2, and m3 of
a dentary) with isotope data attached



An example: Easily queried records

Source
Catalog No

Specify Number

Collection ObjectiRemarks Contains v
Nature of Spec (= WV [
Class Contains |
Order Contains 2
Family 1 |contains ~|[
Genus Contains
Species (= WV [
site Contains |
Site Key [[] |Contains
Datum Contains
Latitude1
Longitude1
@ Series/Epoch Contains V‘
P I 1. t Land Mammal Age [[] |Contains = lﬁ
q eo Con ex Faunal Zone [] |contains v‘

Sampled for Stable Isotopes 'J

Full Name [] |Contains ¥ \

Side 0 | \
i

Serial Number
delta 0-18
oxygen isotope standard
delta C-13
carbon isotope standard

isotope sampling method

HHHBHHB8B8O

Preparation Altribute/Remarks | |Contains ¥ \



An example: Output to Excel file

A B C D E G H I K L N P Q R S T Y z AA AB AC AD AE
|Source Catalog N¢ Specify Nu Class Order Family Genus Species  Nature of Site Site Key  Latitudel Longitude’Series/Epc Land Mam Faunal Zor Full Name Side Serial Numr delta O-18 oxygen iso delta C-13 carbon iso
| UF/FGS 5107 18682 Mammalia Artiodacty Camelidae Hemiauche macrocepl molar, left SANTA FE | CO071 29.83575 -82.6832 Pleistocen Blancan or Racholabr tooth, upp left nong/NA -9.7 V-PDB
|UF 2855 36643 Mammalia Artiodacty Camelidae Hemiaucht macrocepl M2, right u REDDICK 1 MRO16 29.36123 -82.1856 Pleistocen Rancholab Ra2 tooth, upp right second -14 V-PDB
|UF 2991 36991 Mammalia Artiodacty Camelidae Palaeolama dentary, le HAILE 8A AL026 29.69498 -82.5824 Pleistocen Rancholah Ra2 tooth, low left first 29 V-sMOW -8.4 V-PDB
|UF 3224 37183 Mammalia Artiodacty Tayassuid: Mylohyus dentary, le HAILE 8A AL026 29.69498 -82.5824 Pleistocen Rancholab Ra2 tooth, low left third 31.7 V-SMOW -7.6 V-PDB
|UF 3264 37223 Mammalia Artiodacty Camelidae Hemiauche macrocepl maxilla, wi HAILE 8A ALO26 29.69498 -82.5824 Pleistocen Rancholab Ra2 tooth, upp right first 29.2 V-SMOW -10.5 V-PDB
|UF 3265 37224 Mammalia Artiodacty Cervidae Odocoileus dentary, rif HAILE 8A AL026 29.69498 -82.5824 Pleistocen Rancholab Ra2 tooth, low right second 30.3 V-SMOW -13.1 V-PDB
|UF 3268 37227 Mammalia Artiodacty Tayassuide Mylohyus fossilis dentary, le HAILE 8A AL026 29.69498 -82.5824 Pleistocen Rancholah Ra2 tooth, low left third 29.7 V-SMOW -11.2 V-PDB
|UF 3279 37238 Mammalia Artiodacty Tayassuid: Mylohyus fossilis skull, parti: HAILE 8A AL026 29.69498 -82.5824 Pleistocen Rancholah Ra2 tooth, upp left third 29.4 V-SMOW -11.9 V-PDB
|UF 4051 38002 Mammalia Artiodacty Camelidae Hemiaucht macrocepl mandible, HAILE 8A AL026 29.69498 -82.5824 Pleistocen Rancholab Ra2 tooth, low right first 30.2 V-SMOW -9.2 V-PDB
|UF 7559 41496 Mammalia Artiodacty Bovidae  Bison latifrons  skull, right HAILE 8A ALO026 29.69498 -82.5824 Pleistocen Rancholab Ra2 tooth, low right third 30.5 V-SMOW -1.1 V-PDB
|UF 8902 42866 Mammalia Artiodacty Camelidae Hemiaucht macrocepl maxilla, rig REDDICK 1 MR0O55 29.36123 -82.1856 Pleistocen Rancholab Ra2 tooth, upp right third -9.2 V-PDB
10252 44189 Mammalia Artiodacty Cervidae Odocoileu virginianus SKELETON HAILE 8A ALO26 29.69498 -82.5824 Pleistocen Rancholah Ra2 tooth, upp right third 31.6 V-sMOW -12.3 V-PDB
10253 44190 Mammalia Artiodacty Cervidae Odocoileus SKELETON HAILE 8A AL026 29.69498 -82.5824 Pleistocen Rancholab Ra2 tooth, low right second 29.9 V-SMOW -14.2 V-PDB
10324 44261 Mammalia Artiodacty Tayassuid: Mylohyus fossilis palate witl HAILE 8A ALO26 29.69498 -82.5824 Pleistocen Rancholab Ra2 tooth, upp right third 29.7 V-SMOW -11.1 V-PDB
10935 44908 Mammalia Artiodacty Camelidae Hemiaucht macrocepl dentary, ri HAILE BA AL026 29.69498 -82.5824 Pleistocen Rancholab Ra2 tooth, low right first 30.4 V-SMOW -8.7 V-PDB
10938 44911 Mammalia Artiodacty Camelidae Hemiauch: macrocepl DP4, right | HAILE 8A ALO26 29.69498 -82.5824 Pleistocen Rancholab Ra2 tooth, upp right fourth 31.6 V-5MOW -9.9 V-PDB
11503 45440 Mammalia Artiodacty Camelidae Hemiauchenia M3, left up INTRACOA SAD17 27.08221 -82.4303 Pleistocen Rancholah Ra2 tooth, upp left third -5 V-PDB
11503 45440 Mammalia Artiodacty Camelidae Hemiaucht macrocepl M3, left up INTRACOA SA017 27.08221 -82.4303 Pleistocen Rancholab Ra2 tooth, upp left third -5 V-PDB
12494 46224 Mammalia Artiodacty Tayassuid: Mylohyus maxilla, rig HAILE 8A AL026 29.69498 -82.5824 Pleistocen Rancholab Ra2 tooth, upp right first 29.1 V-SMOW -9.1 V-PDB
16187 50124 Mammalia Artiodacty Bovidae Bison latifrons M1 or M2, HAILE 8A AL026 29.69498 -82.5824 Pleistocen Rancholab Ra2 tooth, upp left first or sec 30.4 V-SMOW -4.7 V-PDB
17518 51483 Mammalia Artiodacty Camelidae Hemiauche macrocepl maxilla, lef INGLIS 1A CI001 29.00743 -82.6893 Pleistocen Blancan, |z BI3 tooth, upp left fourth -10.2 V-PDB
17519 51484 Mammalia Artiodacty Camelidae Hemiaucht macrocepl maxilla, lel INGLIS 1A Cl1001 29.00743 -82.6893 Pleistocen Blancan, le BI3 tooth, upp left none/NA -9.1 V-PDB
17522 51487 Mammalia Artiodacty Camelidae Hemiauche macrocepl mandible, INGLIS 1A CI001 29.00743 -82.6893 Pleistocen Blancan, |z BI3 tooth, low right third -12.4 V-PDB
17693 51630 Mammalia Artiodacty Camelidae Hemiaucht macrocepl m3, left lo: SANTA FE | CO003 29.83699 -82.6996 Pleistocen Blancan or Racholabr tooth, low left third -13.4 V-PDB
18027 51964 Mammalia Artiodacty Camelidae Hemiauche macrocepl right upper INGLIS 1A CI001 29.00743 -82.6893 Pleistocen Blancan, le BI3 tooth, upp right third -11.3 V-PDB
18028 51965 Mammalia Artiodacty Camelidae Hemiauche macrocepl M3, right u WITHLACC LvV041 29.01356 -82.6281 Pleistocen Rancholah Ra2 tooth, upp right third -7.9 V-PDB
18188 52125 Mammalia Artiodacty Tayassuide Platygonus bicalcaratt MANDIBLE INGLIS 1A Cl001 29.00743 -82.6893 Pleistocen Blancan, le BI3 tooth, upp right third -11.5 V-PDB
18196 52133 Mammalia Artiodacty Tayassuide Platygonus bicalcarat right upper INGLIS 14 CI001 29.00743 -82.6893 Pleistocen Blancan, Iz BI3 tooth, upp right third -12 V-PDB
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An example: Data manipulation

Data subset by mammalian
class (crocodylians not
included)

Simply plotted specimen
age by 613C

R

You
Type

Dishes"”
tistical Computing

NO WARRANTY.
conditions.
details.

e software and comes with ABSOLUTELY
are welcome to redistribute it under rtain
'license()"' or 'lic ()" for distribution

Natural language support but running in an English locale

Type

collaborative project with many contributors.
contributors()' for more information and

on how to cite R or R n publications
for some demos, 'help()’
HTML browser interfac

‘demo ()"
lp.starc()"
'g()' to quit R.

for on-line help, or

for ar

IR C\R Scripts\GSA 2016 Isotope plot script.R - R Editor
$##I=o0tope Plot for GSA 2016

isotopes<-read.csv("GSA_isotopes.csv", na.st

Ca vora<- isotopes[isotopes$Order Replaced:

Perissodactyla<- isotopes[isotopes$Order Replace Perissodactyla”, ]

Artiodactyla<- isotopes[isotopes$Order Replaced=="Artiodactyla"”,]

Proboscidea<- isotopes[isotopes$Order Replaced=="Proboscidea”, ]

tiff (file="GSA car age plot.tiff",width=10,height=10,units=

par (mar=c(4,5,2,1))

par (oma=c(1,1,0,1))

plot (isotopesS$ige.for.Ploct,

points (Carnivora$ige.for.Plot,Carnivera$carbon,p
t3 (Perissodactyla$Age.for.Plot,PerissodactylaScarb
ts (Artiodactyla$Age.for.Plot,Artiodactyla$carbon,p 23,bg="1avender"”,cex=1.2

points (Proboscidea$Age. for.Plot, Proboscidea$carbon, pch=24,bg="indianred3",cex=1.2

legend(7,1.5,cex=1.75,pt.cex=1.75,c("Carnivora”™, "Perissodactyla", "Artiodactyla™, "

isotopesS$carbon, type="n",xlab=expression (paste ("Time"
1,bg="slateblue3”, cex=1.25)
1, pch=22,bg="goldenrod3",c

dev.off ()]



An example: Expansion of C4 consumption

e Carnivora
B Perissodactyla
< Artiodactyla

l A Proboscidea
Increase in footh enamel carbonate §'3C in Florida - §.
over last 10 Ma 3 :
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Data included from Feranec 2003, Feranec and MacFadden 1996, Time (Ma)

MacFadden 1998, MacFadden and Cerling 1996, Yann and DeSantis 2014



An example: Expansion of C4 consumption

Predominantly C,

e Carnivora

B Perissodactyla
< Artiodactyla

A Proboscidea

(i'”-

1]
a- — —
Increase in footh enamel carbonate §'3C in Florida §.
over last 10 Ma 3 :
2 ;
N=369 PR
eo o A §\.
o) g oi <
B e
i g
2;::) 3§
g
Data included from Feranec 2003, Feranec and MacFadden 1996, Time (Mi,

MacFadden 1998, MacFadden and Cerling 1996, Yann and DeSantis 2014



Obstacles

UF Cat.
no.

115776
19376
v4703
None
None
None
None
None
None
None
None
None

Taxon?
(genus)

Tapirus
Bison
Odocoileus
Hemiauchenia
Bison
Bison
Mylohyus
Platygonus
Equus
Equus
Equus
Equus

Uncataloged specimens

Incorrectly labeled specimens

Lost specimens

Material*

p3, ml-m3
RP/M
RM2-M3

rp4
LP/M
Ip/m
rm2/m3
Im3
incisor
RP3/P4
rp2
rp/m

Locality

Ichetucknee
Ichetucknee
Ichetucknee
Cutler
Cutler
Cutler
Cutler
Cutler
Cutler
Cutler
Cutler
Cutler

MacFadden and Cerling, 1996

Unreported §'80 data

Data quality control

Serially sampled specimens



tential and future directions

O Provides the opportunity for paleontologists to address hypotheses of the past that,
until now, could only be addressed by modern ecologists.
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Integrated Digitized Biocollections

O Necessary to develop global standards for isotope metadata (TDWG)



