H. GRIFFITHS
Department of Agricultural and Environmental Science, University of Newcastle,

- Newcastle upon Tyne NEI 7RU, UK

Stable Isotopes

integration of biological,
ecological and geochemical
processes

[10s

SCIENTIFIC
PUBLISHERS



Contents

Contributors X1
Abbreviations and symbols XV
Introduction XIX

Section 1. Isotope sources, analysis and interpretation of organic composition

1. High-precision deuterium and '*C measurement by continuous flow-IRMS:
organic and position-specific isotope analysis
= J.T. Brenna, H.]. Tobias and T.N. Corso 1

Introduction ,

CF-IRMS analysis of HD/H,
Carbon isotopes: automated position-specific isotope analysis (PSIA)
References 10

2. Carbon isotope effects on key reactions in plant metabolism and
BC-patterns in natural compounds

H.-L. Schmidt and G. Gleixner 13
Introduction 13
Influence of carboxylations on the initial C distribution pattern 15
Influence of aldol reactions and decarboxylations on secondary distribution patterns 16
Ester and aldol reactions during secondary metabolism 19
Effect of other lyase reactions 20
Reactions involving C,-metabolism 20
Isotope effects on reactions introducing hydrogen, oxygen and nitrogen in biological

compounds B 22
Conclusion 23
References 23

3. Interpretation of oxygen isotope composition of leaf material

G.D. Farqubar, M.M. Barbour and B.K. Henry 27
Why are we interested in the oxygen isotope ratio of organic matter? ‘ 27
Oxygen isotopes in plant organic matter: a historical perspective 27
On the enrichment of O in water within the plant 29
Variation within the leaf 30
Isotopic exchange of oxygen during metabolism 33
Isotopic history of oxygen in organic molecules 36
The poteritial for oxygen isotopes in evaluating plant water use 41
Oxygen isotope composition of organic matter: methodology and analysis 42
References » 44
Appendix 1 ) 49
Appendix 2 60



Vi CONTENTS

4. Intramolecular deuterium distributions and plant growth conditions

J. Schleucher 63
Introduction 63
Methodology 65
Variation of intramolecular D distributions - 67
Discussion and outlook 70
References 72

Section 2. Soils, nutrients and plants

5. Stable isotope studies of soil nitrogen

D.W. Hopkins, R.E. Wheatley and D. Robinson 75
Introduction 75
Transformations of soil nitrogen 76
- Distribution of soil nitrogen 77
Spatial variability of soil N 79
Use of N natural abundance to investigate soil processes 80
Conclusions 84
References 84

6. N at natural abundance levels in terrestrial vascular plants: a précis

L.L. Handley, C.M. Scrimgeour and J.A. Raven 89
Introduction 89
What are the patterns in the 3N signal? 90
Experimental systems 94
Needs for research 96
References 96

7. Variations in fractionation of carbon and nitrogen isotopes in higher
plants : N metabolism and partitioning in phloem and xylem

1. Yoneyama, H. Fujiwara and J.M. Wilson 99
Introduction L 99
Acquisition of nitrogen | 100
Metabolism of nitrogen 101
Translocation of nitrogen 102
C and N concentration and isotope composition in castor bean (Ricinus communis) 103
Conclusions and future directions g 106
References 106

Section 3. Photosynthesis, plants and water

8. Carbon isotope discrimination in terrestrial plants: carboxylations and

decarboxylations

J.S. Gillon, AM. Borland, K.G. Harwood, A. Roberts, M.§.]. Broadmeadow

and H. Griffiths 111
Introduction 111
Net carbon isotope discrimination 112
Photosynthetic discrimination 112
Respiratory discrimination 119

Refixation of respiratory CO, 124



CONTENTS

10.

11.

Discrimination under natural conditions
Conclusions
References

Carbon isotope discrimination in structural and non-structural carbohydrates

in relation to productivity and adaptation to unfavourable conditions
E. Brugnoli, A. Scartazza, M. Lauteri, M.C. Monteverdi and C. Mdguas

Introduction

Theoretical background to carbon isotope discrimination

WUE and plant productivity

Carbon isotope discrimination in soluble carbohydrates and productivity
Soluble carbohydrate AC and CO, mesophyll conductance

Concluding remarks

References

Oxygen-18 of leaf water: a crossroad for plant-associated isotopic signals
D> Yakir

Introduction

Evaporative enrichment

Source water

Atmospheric moisture and boundary layers
Bulk leaf water

2-D simulation of ¥O in leaf water

"®O of water in chloroplasts

Conclusions

References

The role of hydrogen and oxygen stable isotopes in understanding water
movement along the soil-plant-atmosphere continuum

T.E. Dawson, R.C. Pausch, H.M. Parker

Introduction -

Stable isotopes and our understanding of water movement along the soil-plant-atmospheric
continuum

Future research on isotopes and the SPAC

References

Section 4. Integration of terrestrial ecosystems

12.

Oxygen isotope effects during CO, exchange: from leaf to ecosystem
processes

L.B. Flanagan

Introduction

Discrimination against C'*O"Q during photosynthetic gas exchange

Oxygen isotope effects during respiratory CO, exchange

Relative influence of photosynthesis, respiration and turbulent fluxes on the isotope ratio of
atmospheric CO, in plant canopies

Regional and global variation in the influence of terrestrial ecosystems on the oxygen
isotope ratio of atmospheric CO,

References

vii

125
127
128

133

133
134
136
137
139
143
144

147

147
148
150
151
153
156
159
162
163

169

169

170
179
180

185

185
186
190

195

196
199



viii

13.

14.

CONTENTS
Carbon isotope discrimination of terrestrial ecosystems
N. Buchmann, R.J. Brooks, L.B. Flanagan and J.R. Ebleringer 203
Introduction 203
Methodology 206
Variation in A estimates 210
Conclusions 215
References 218
Assessing sensitivity to change in desert ecosystems — a stable isotope

approach

J.R. Ebleringer, R.D. Evans and D. Williams 223
Introduction 223
Deserts as pulse-driven ecosystems 224
Water uptake patterns by aridland plants 225
Stomatal limitations as inferred from carbon isotope ratios 229
Nitrogen sources 230
Sensitivity of Colorado Plateau arid land ecosystems to invasions 231
Conclusions 233
References 234

Section 5. Integration of marine ecosystems

15.

16.

Carbon stable isotope fractionation in marine systems: open ocean
studies and laboratory studies

AM. Jobnston and H. Kennedy 239
L]

Introduction 239

Open ocean studies 240

Laboratory studies 246

Recommendations for future research 253

References 253

"N and the assimilation of nitrogen by marine phytoplankton: the past,
present and future? . :
N.J.P. Owens and L.J. Watts 257

Introduction 257
The past - a short historical review 259
Natural abundance v tracer studies 262
The present - methods and techniques 263
The present - a discussion of results from recent studies 267
The future - possible developments for ¥*N studies in biological oceanography 273
Summary and conclusions 276
References 277

Section 6. The immediate past: the Holocene

17.

Archaeological reconstruction using stable isotopes _

AM. Pollard 285
Introduction 285
Lsotope archacology 285

Dietary reconstruction using stable isotopes 289



CONTENTS

18.

Section 7. Palaeoclimatic reconstructions from Precambrian to Quaternary

19.

20.

21.

Isotopes and human mobility
Summary
References

Stable isotopes in tree ring cellulose
R. Switsur and J. Waterbouse

Introduction

Atmospheric carbon dioxide and carbon stable isotope ratios
Hydrogen and oxygen stable isotope ratios

References

Phylogeny, palaecoatmospheres and the evolution of phototrophy
J.A. Raven

Introduction

The phylogeny of O,-producing phototrophs and their carboxylases

Timing of origin of taxa of O,-evolving phototrophs in relation to changes in atmospheric
composition

The contribution of *C/">C measurements to our understanding of the evolution
of phototrophy

Is the CO,/1CO, discrimination factor of RUBISCO subject to direct natural selection?

Conclusions and prospects

References

Modelling changes in land plant function over the Phanerozoic
D.]. Beerling and F.I. Woodward

Introduction

Atmospheric evolution

Phanerozoic changes in leaf function

Terrestrial productivity in the Carboniferous
Global patterns of leaf carbon isotope composition
Concluding remarks

References

Carbon isotopes, diets of North American equids, and the evolution of
North American C, grasslands
TE. Cerling, ].M. Harris and B.]. McFadden

Introduction

Sampling protocol and sources of material

Transition to C, diet in equids: occurrence of C,-dominated diets, hypsodonty, and the
radiation of equid genera

Geographical and temporal distribution of C, grasses in North America

Regional patterns and variations

History of C, grasses versus C, grasslands in North America

Equid diversity during the Neogene

Global expansion of C, ecosystems

Summary and implications

References

296
297
298

303

303
304
309
316

323

323
323

327

334
339
340
341

347

347
347
349
350
357
359
359

363

363
365

365
368
369
373
373
376
376
377



X

CONTENTS

22. Carbon isotopes in lake sediments and peats of last glacial age: implications

for the global carbon cycle

FEA. Street-Perrott, Y. Huang, R.A. Perrott and G. Eglinton 381
Introduction 381
The carbon cycle at the LGM 382
Carbon-isotope data on total organic matter from lake sediments and peats 385
Molecular-isotopic analyses: a case study from Sacred Lake, Mt. Kenya 387
Influence of source carbon, fractionation and transformation on "*C record of last glaciation 388
Conclusions 392
References 392

Section 8. Climate change, the hydrological cycle and atmospheric processes

23.

24.

Stable isotopes, the hydrological cycle and the terrestrial biosphere

J.R. Gat 397
Introduction 397
Hydrological processes at the land/atmosphere interface 398
The isotope signature imposed by processes at the surface on the hydrological cycle 399
The effect of the plant cover on the hydrological cycle 402
Conclusions 404
References 405

The '*O/1¢O isotope ratio of atmospheric CO, and its role in global
carbon cycle research

P Ciais and H.A.J. Meijer 409
General introduction and outline 409
The #0O/1%0 isotope ratio of atmospheric CO, : basic features 412
A very simple model for the concentration, the 3C and the 88O of atmospheric CO, 415
Towards a realistic model of 8"*O in atmospheric CO, : calculation of the surface fluxes 419
Results and discussion of 3D model 423
Conclusions 427

References : 428

Index " 433



