
Isotopic Paleoecology and Land Vertebrates: Individuals, Species, and Ecosystems

Paul L. Koch

PALAIOS, Vol. 13, No. 4. (Aug., 1998), pp. 309-310.

Stable URL:

http://links.jstor.org/sici?sici=0883-1351%28199808%2913%3A4%3C309%3AIPALVI%3E2.0.CO%3B2-F

PALAIOS is currently published by SEPM Society for Sedimentary Geology.

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have obtained
prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you may use content in
the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journals/sepm.html.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

The JSTOR Archive is a trusted digital repository providing for long-term preservation and access to leading academic
journals and scholarly literature from around the world. The Archive is supported by libraries, scholarly societies, publishers,
and foundations. It is an initiative of JSTOR, a not-for-profit organization with a mission to help the scholarly community take
advantage of advances in technology. For more information regarding JSTOR, please contact support@jstor.org.

http://www.jstor.org
Thu Dec 27 22:56:02 2007

http://links.jstor.org/sici?sici=0883-1351%28199808%2913%3A4%3C309%3AIPALVI%3E2.0.CO%3B2-F
http://www.jstor.org/about/terms.html
http://www.jstor.org/journals/sepm.html


An International Journal of SEPM 
(Society for Sedimentary Geology) 

Co-Editors 
ROBERT A. GASTALDO 
CHARLES E. SAVRDA 

Editorial Assistant 
ELVIRA H. GASTALDO 

Department of Geology 
203 Petrie Hall 
Auburn University, AL 36849-5367 
palaios@mail.auburn.edu 

Associate Editors 
PETER A. ALLISON 

Imperial College & Natural 
History Museum-London 

ANNA K. BEHRENSMEYER 
Smithsonian Institution 

CARLTON E. BRETT 
University of Rochester 

RICHARD G. BROMLEY 
University of Copenhagen 

ROBYN J. BURNHAM 
University of Michigan 

KIYOTAKA CHINZEI 
Kyoto University 

WILLIAM A. DIMICHELE 
Smithsonian Institution 

MARY L. DROSER 
University of California- 
Riverside 

ALLAN A. EKDALE 
University of Utah 

DAVID E. FASTOVSKY 
University of Rhode Island 

DOUGLAS S. JONES 
Florida Museum of Natural 
History 

SUSAN M. KIDWELL 
University of Chicago 

ANDREW H. KNOLL 
Harvard University 

CHRISTOPHER G. MAPLES 
Kansas Geological Survey 

RONALD E. MARTIN 
University of Delaware 

KENNETH G. MILLER 
Rutgers University 

VOLKER MOSBRUGGER 
University of Tiibingen 

JUDITH TOTMAN PARRISH 
University of Arizona 

BRADLEY B. SAGEMAN 
Northwestern University 

ROBERT W. SCOTT 
Precision Stratigraphy 
Associates 

PETER M. SHEEHAN 
Milwaukee Public Museum 

VOL. 13, NO. 4 AUGUST, 1998 

ONLINE 

Isotopic Paleoecology and Land Vertebrates: 
Individuals, Species, and Ecosystems 

Many studies of the isotope chemistry of fossils treat them as recording devices. There is 
growing interest in past chkges in temperature, humidity, and Earth surface chemistry, 
and biogenic materials are a readily available substrate from which to extract environmen- 
tal data. The influences of physiology, nutrition, and mobility are seen as nasty "vitaln ef- 
fects that must be removed so that we can get down to the environmental business at  hand. 
With a few notable exceptions (Heinz Lowenstam, for example) scientists who were primar- 
ily interested in the fossil record have played a small role in the development of isotopic ap- 
proaches to paleobiology. Rather the field has been pushed fomard by isotope geochemists 
exploring biological systems, modern ecologists and scientists studying earth surface pro- 
cesses who have extended their reach into the historical record, paleoceanographers, and 
analytical chemists who have developed new methods. The main exception to this pattern 
has been in paleoanthropology, where much of the trail blazing isotopic research was con- 
ducted by scientists whose primary interest was the record of change in horninid diets and 
ecology. This situation has begun to change over the past fifteen years, as paleobiologists 
have learned more about isotopic techniques and started to apply them directly to answer 
questions about the ecology of individual fossil organisms, the evolution of entire species, 
and the role of vertebrates in ecosystem function. There are two general ways that isotopes 
are used in paleobiology and paleoecology. Because of subtle mass differences, isotopes of 
light elements (e.g., H, B, C, N, 0 ,  S) are often sorted by chemical, physical and biological 
processes. Variations in isotope ratios produced by this sorting can be used to monitor the 
magnitudes and rates of these processes. For example, differences in the processes associ- 
ated with carbon fixation produce a large difference in carbon isotope composition between 
plants using the C3 versus the C4 photosynthetic pathway. Alternatively, we can simply 
use naturally-occurring isotopic differences among substances to trace their flow through 
biological systems. Isotope chemistry serves as a natural label. This type of research can in- 
volve either stable isotopes or variations in heavier elements (e.g., Sr, Nd, Pb) that are pro- 
duced by radioactive decay. A simple example of this approach is the use of carbon isotopes 
in vertebrates to track the proportion of C4 plants (warm climate grasses) versus C3 plants 
(trees, shrubs, cool climate grasses) in animal diets. 

Most approaches in paleobiology treat organisms of the same species as equivalent. In ver- 
tebrate paleontology, we often infer the diet or habitat preferences of whole species by study- 
ing average morphology. Yet different individuals in a population or species have different be- 
haviors, habitats, and histories that must powerfully influence ecological and evolutionary 
processes. My earliest interest in stable isotopes and vertebrate paleontology came h m  just 
such a problem. What time of year did animals die? My graduate advisor, Dan Fisher, had dis- 
covered that a number of the late Pleistocene mastodons excavated in the Great Lakes region 
were butchered by Paleoindians. We were trying to evaluate whether or not these butchered 

Due to the tolerance of colleagues at museums 
and Earth science departments around the na- 
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parts of fbssils fir isotopic studies since his 
days as a graduate student at the University of 
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Paul moved to the Department of Earth Sci- 
ences at the Uniuersity of Califirnia, Santa 
Cruz in 1996. Being so close to the ocean has 
led to his first serious fimy into studies of ma- 
rine ecosystems, though there are connections 
to his previous work on land vertebrates. Like 
his past work on elephants, this new work also 
imlues large gray animals with unusual 
snouts: elephant seals. 



individuals were scavenged natural deaths or deaths caused by 
hunting. The oxygen isotope composition of precipitation varies sea- 
sonally, and mastodons recorded this seasonal shift in growth lami- 
nations in their tusks. By tracking these isotopic oscillations, we 
demonstrated that butchered individuals tended to die in the late 
fall, whereas non-butchered individuals died in the late winterlearly 
spring, supporting the notion that different processes (hunting ver- 
sus natural death) were responsible for mortality. Recent studies 
have investigated many attributes at the level of individuals within 
fossil populations. Carbon isotopes provide a quantitative measure 
of the diet of individuals, allowing study of the variability in resource 
use within a species, as well as the pattern of resource partitioning 
among species. Carbon isotope analysis has shown that patterns of 
resource use among late Pleistocene herbivores in North America 
were remarkably stable, despite large changes in vegetation. The ra- 
diogenic isotope composition of vertebrates is largely controlled by 
the composition of local soils, providing a label of animal location. 
Studies of human remains by Doug Price and colleagues have begun 
to tease apart the role of migration versus resident population 
growth in the expansion and decline of local populations. Nitrogen 
isotopes are enriched at  higher levels in food webs, and nursing in- 
fants are effectively "carnivores", feeding one trophic level higher 
than their parents. Nitrogen isotope differences among the skeletons 
of adults provide a monitor of differences in the amount of meat in 
the diet. Differences among the skeletons (or within the teeth) of ju- 
veniles relate to the age of weaning. Marilyn Fogel and colleagues 
have studied changes in the age of weaning in North American hu- 
man populations before and after the introduction of corn in order to 
test hypotheses about the effects of nutrition on population growth. 
The "nursing effect" on nitrogen isotopes is present in mammals oth- 
er than humans but, to date, the signal has not been exploited to test 
ecological or evolutionary hypotheses. 

At the next level in the taxonomic hierarchy, isotopic studies have 
been used to characterize asp& of the biology or ecology of entire 
species. An example is the work of Barrick and colleagues, using ox- 
ygen isotopes to evaluate whether different dinosaur species were 
homeotherms or heterotherms. Similarly, Heme Bocherens and I 
demonstrated that the oxygen isotope composition of hippopotamus 
was lower than that of land mammals from the same ecosystem. 
Fossil hippos are also 'light," and Bruce MacFadden has applied the 
method to study the habitat preferences of putatively aquatic rhinoc- 
eros species from the Miocene and Pliocene. At the species level, car-
bon isotopes could be used to determine the relationship between be- 
havioral change, morphologic evolution, and faunal turnover. 

How, precisely, do changes in morphology take place in response 
to change in resources? Do animals begin to incorporate the new 
food item into their diet, then subsequently change in morphology 
to process the new resource more efficiently? Or do preadaptations 
allow some organisms to monopolize and exploit a new resource as 
soon as it appears? Because carbon isotopes provide a label for 
grass consumption (at least in area with a warm growing season), 
they provide a tool for examining evolutionary lags during transi- 
tions between browsing and grazing. In addition, while vertebrate 
herbivores have been a vital source of information about the expan- 
sion of C4 grasses in the late Miocene, the response of herbivores to 
this major change in vegetation has scarcely been considered. C4 
plants differ from C3 plants in protein content, digestibility, and 
levels of defense by secondary metabolites. The late Miocene was 
marked by a major vertebrate extinction, but the selectivity of this 
extinction in relation to dietary -reference. the breadth of re- " 

sources utilized, or digestive physiology has not been explored. 
This is obviouslv a fertile area for future research. 

Finally, vertibrate isotope geochemistry has the potential to il- 
luminate terrestrial ecosystem structure and process, and how 

these features change through earth history. Here, the questions 
most often concern the heterogeneity of vegetation and the flow of 
carbon and nitrogen through ecosystems. For example, at  many 
fossil sites in Texas and Florida, I've found co-occurring organ- 
isms that have mutually exclusive diets, either 100% C4 grass or 
100% C3 trees and shrubs. If these deposits represent an ecolog- 
ical snapshot, then isotopic data indicate that a vegetational mo- 
saic existed on the distance scale characteristic of the home range 
of these animals. Alternatively, if these deposits are time-aver- 
aged over thousands of years, we may be documenting the pas- 
sage of an ecotone over the location. Another aspect of vegetation 
amenable to study in canopy structure. In closed woodlands, for- 
est floor plants are enriched in "light" carbon due to the fixation of 
trapped carbon dioxide derived from the decay of plants and to 
the effects of low light levels on photosynthesis. Strong carbon 
isotope gradients between the forest floor and the top of the can- 
opy indicate a dense forest with closely spaced trees. Carbon iso- 
tope gradients could be reconstructed by comparing forest floor 
and canopy dwelling herbivores, though the approach has not 
been used extensively to date. 

Because of differences in food web structure and photosynthesis 
between marine and freshwater ecosystems, carnivorous marine 
fish tend to have higher carbon and nitrogen isotope compositions 
than their freshwater counterparts. Coupled with radiogenic iso- 
tope tracers, these isotopic differences could be used as to assess 
which fish in a freshwater fauna were anadromous, undertaking 
lifetime migrations between fresh water and the sea. More surpris- 
ing still, we can use these isotopic differences to monitor the source 
of carbon and nitrogen supporting primary production in fresh wa- 
ter streams. Because the bodies of adult salmon are composed of 
"heavy" marine carbon and nitrogen, they are isotopically distinct 
from the local sources of carbon and nitrogen to the freshwater 
streams in which salmon spawn prior to death. Isotopic analysis of 
stream-side vegetation, fresh water invertebrates, and even the 
young salmon that grow to maturity in these streams reveals that 
a large portion of the carbon and nitrogen in these systems is ma- 
rine in origin. It is supplied by the decaying bodies of adult salmon. 
The implications of this finding are profound. Reductions in the 
number of adults reaching the stream, due to over fishing or dam- 
ming of rivers, negatively impacts the reproductive potential of the 
salmon who do survive to reach the spawning sites. To my knowl- 
edge, no one has studied the historical record of this system of ma- 
rine fertilization of fresh water ecosystems. 

The isotope systems and techniques used today in ecology and 
paleobiolo& were often developed by geochemists interested in 
non-biological problems. As the job market in more traditional ar- 
eas, suchis  economic, metamorphic, and igneous geochemistry, 
has weakened in recent years, scientists trained in these disci- 
plines are using their talents to attack environmental and biolog- 
ical questions. I don't blame them. Problems in paleoecology, evo- 
lution, and ecosystem function are exciting, societally-relevant, 
and probably easier to explain to parents and non-scientists than 
oxygen fugacity or eutectics. And the geochemical talents of these 
recruits can light up the field in expected ways. In my opinion, the 
most comprehensive and biologically-realistic treatment of the 
controls on oxygen isotopes in vertebrates was produced by a sci- 
entist (Matt Kohn) who was trained as a high-temperature iso- 
tope geochemist. Yet I would argue that paleontologists, at  least 
those with strong backgrounds in biochemistry, physiology and 
ecology, are uniquely suited to make important contributions in 
this field. In the process, because they use the language and tools 
of geology, but apply them to problems that require a deep under- 
standing of biological systems, isotopic studies can help to bridge 
the intellectual distance between these disciplines. 

-PAUL L. KOCH 


