YA - 030

U. Liittge (Ed.)

Clusia

A Woody Neotropical Genus
of Remarkable Plasticity and Diversity

With 111 Figures, 2 in Color, and 38 Tables

@_ Springer



Contents

Section] Background

1 Historical Recollections . . . . . . . . ... ... .. ....
ULRICH LUTTGE

1.1 Namesakes: CaAroLUs Crusivusand Clusia . ... ... ...
1.2 ALEXANDER vON HUMBOLDT:
The First Ecophysiological Studies of Clusia . ... ... ..
1.3 The Discovery of Crassulacean Acid Metabolism (CAM)
INCIUSIA . . . o e e e e s e e e e e e e e e e e
References . . . . . i i e e e e e e e e e e e e e

Section II Phylogeny, Diversity and Ecology

Introduction . . . . . .. . e e e e e e e o
ULRrRICH LUTTGE
References . . . . v v v v v e e e e e e e e

2 Morphology, Anatomy, Life Forms
and Hydraulic Architecture . ... ... ...........
ULRICH LUTTGE and HEITOR MONTEIRO DUARTE

2.1 Hundreds of Species of One Morphotype . . . . .. ... ..
2.2 Leaf Anatomy . . .............. ..........
2.3 Life Forms . ... ... ... ... . ... . .. .. ....
2.4 Hydraulic Architecture . .. ... ... ... .........

Referennces . . . . o . e e e e e e e e e e



VIII Contents
3 Biogeographic Features of Clusia, with Emphasis

on South American and Especially Brazilian Species . ... 31

DoRrROTHY SUE DUNN DE ARAUJO and FABIO RUBIO SCARANO
3.1 Introduction . . . . ... ... ... ... o oo 31
3.2 TheSurvey . . . . . . .. . . . . i e 32
3.3 Patterns . . . . . . . e e 33
3.4 Discussion . . . . ... . . . . . e e 36
3.4.1 Why Are There So Many Species? . ... ... ... ..... 37
3.4.2 Why Are They Distributed the Way They Are? . . ... ... 38
3.4.3 Have They Always Occupied

Their Current Distribution Patterns? . . ... ... .. ... 39
3.4.4 How Are These Biogeographic Patterns Affected by Man? . . 40
Appendix 1: List of Clusia species that occur in South America

butnotinBrazil . ... ... ... ... ... ... 42
Appendix 2: List of Clusia species that occur in Brazil and elsewhere,
togetherwithhabitat . . . ... ... ... ... ..... 46

References . . . . . . . . . i i i i i i i e e 51
4 ClusiaasNursePlant . . . . ... ... ............ 55

ANDRE TAVARES CORREA DiAs and FABIO RUBIO SCARANO
4.1 Introduction . . . . ... .. ... e 55
4.2 Restinga de Jurubatiba: Phytosociology . . . . ... ... .. 56
4.3 Evidences for Nurse Plant Effects . .. ... ......... 57
4.3.1 Association, Coexistence and Facilitation . . . .. ... ... 57
4.3.2 Gender and Ontogenetic Variation . ... ... ... .... 60
4.3.3 Structural Equation Modelling (SEM):

Mechanisms Behind the Nursing Effect . . . . ... ... .. 61
4.4 Conclusions . ... ... ... . ... ... . ... ... 68
References . . . . . o v i i i i i 68
5 ReproductiveBiology . . .. .................. 73

RoDRrRI1GO LEMES MARTINS, TANIA WENDT,

ROGERIO MARGIS, and FAB10 RUBIO SCARANO
5.1 Introduction . ... ... ... ... . .. ..., 73
5.2 Main Reproductive Features . . ... ... .......... 77
5.2.1 Dioecy . ... e e e 77




Contents IX

5.2.2 Resin . . . e e e e 78
5.2.3 Automimetism and Mistake Pollination . . . . ... ... .. 80
5.2.4 Asexual Reproduction: Agamospermy

and Vegetative Propagation . . . . . ... ... ... ..... 81
5.3 The Case of Clusia hilariana . . . . . .. ... . ... ..., 82
5.3.1 Automimicry in Clusia hilartana . . . . ... .. ... ... 84
5.3.2 Effects of Population Spatial Distribution in FruitSet . ... 85
5.3.3 The Effects of Local Vegetation Cover on Fruit Set . . . . . . 85
5.3.4 Population Genetics . . . .. .. ... ... ... ..., 86
5.3.5 Clusia hilariana: A Synthesis of Ongoing Studies . ... .. 89
5.4 FinalRemarks ... ... ... ... .. ... .. ..., 90
References . . . . . . . . . o i i i i e e e 91
6 Diversity, Phylogeny and Classification of Clusia . . . . . . 95

MaTs H. G. GUSTAFSSON, KLAUS WINTER,
and VOLKER BITTRICH

6.1 Taxonomic Position and Delimitation . . . . ... ... ... 95
6.2 Molecular Phylogenetics . . .. ... .. ........... 96
6.2.1 Combining Published ITS Sequences in a New Analysis . .. 96
6.2.2 Character Optimizations . . ... .. ... ... ....... 97
6.3 Species Diversity and Distribution . . .. .. ... ... .. 100
6.4 Habitatsand Habits . . ... ... ... ... ......... 101
6.5 Morphological Diversity . . . . ... ... ... .. ..... 102
6.6 Ecophysiological Variation . ... ............... 106
6.7 Variation in Biological Interactions .. ... ......... 107
6.8 Phylogeny and Sectional Classification . ........... 107
6.8.1 Clusia sect. Anandrogyne Planch.et Triana . .. ... .. .. 108
6.8.2 Clusia sect. Retinostemon Planch. et Triana and Relatives . . 109
6.8.3 Clusia sect. Clusiastrum Planch.et Triana . . . . .. ... .. 109
6.8.4 Clusia sect. Cordylandra Planch.et Triana . . ... ... .. 110
6.8.5 Clusia sections Clusia and Omphalanthera

Planch. et Triana, and Related Groups . . ... .. .. .... 110
6.8.6 Clusia sect. Phloianthera Planch.et Triana . ... ... ... 111
6.8.7 Clusia sect, ChlamydoclusiaEngl. . . . ... ... ... ... 1]
6.8.8 Clusia sect. Oedematopus (Planch. et Triana} Pipoly,

and Relatives . . . .. ... ... ... ... ... . . ..., 112
6.9 Key Innovations in the Diversification of Clusia . . . . . . . 113

R erencCes . . v v v e e e e e e e e e e e e e e e e, 114



Contents

7 Population Biology of Different Clusia Species
in the Stateof RiodeJaneiro . . . ... ... ... ... ... 117
ANJA VAASEN, FAB10 RUBIO SCARANO, and RUDIGER HAMPP
7.1 Introduction . . .. ... ... ... ... .., 117
7.2 Population Studies on the Basis of Single Sequence Repeats 118
7.2.1 C.parviflora . . . . ... . i s e 119
7.2.2 C.fluminensis . . . .. . . . . e, 121
7.2.3 C.hilariana . . . .. . . . . . e 123
7.3 Relationship of C. spiritu-sanctensis to other Clusia Species 124
7.4 Conclusion . . ... ... .. i, 125
References . . . . . . . i i i i i e e e e e 126

Section III Functions and Physiological Ecology

8.1
8.2
8.3
8.3.1
8.3.2

8.3.3

8.3.4
8.4
8.5
8.6
8.7

8.8

Introduction . . . . . . . . e e e e e e e e e e e e e e e e 131
ULRICH LUTTGE

References . . . . . . o e e e e e e e e e e e e e e e e e e 133
8 Photosynthesis . . . .. ... ... ... .......... 135

ULRICH LUTTGE

Photosynthetic Physiotypes . . ... ... ... . ... ... 135
Stable Carbon Isotope Signatures . . . . ... ........ 143
Biochemistry of Crassulacean Acid Metabolism (CAM) . .. 147
Turnover of Carbohydrates . . . . ... ... ......... 148
Organic Acid Turnover with Nocturnal Storage

of MalicAad . ... ... ... .. .. .. ol 151
Organic Acid Turnover with Nocturnal Storage

of CitricAcid . . . ... ... . . . . oL 153
Concluding Evaluation . .. ... ............... 157
CO, Concentrating Consequencesof CAM . . ... ... .. 158
Photorespiration . . ... .. .. ... 160
High Light and Oxidative Stress . . . .. . ... ... .. .. 162
Osmotic Implications of Night/Day Changes

of Organic Acids and Soluble Carbohydrates . . . ... ... 167

Environmental Factors Regulating Reversible Changes
Between the C, and CAM-Mode of Photosynthesis
and the Degree of CAM Expression . .. ........... 169




Contents XI

8.8.1 Water . . o e e e e e e e e e e e e e 170
8.8.2 LightandWater . . ... .. .. ..... ... .. .... 175
8.8.3 Light and Temperature . . .. ... ... ........... 176
8.8.4 Lightand Nitrogen . . . ... ... ... .. ......... 180
References . . . . . . . . o o . i e e 181
9 Physiological Ecology . .. ... ............... 187

ULRICH LOTTGE
9.1 Ecological Amplitude . . . .. ... ... ... .. ... ... 187
9.2 Expression of Modes of Photosynthesis

of Clusia Species under Field Conditions . . .. ... .. .. 190
9.3 Mineral Nutrition . ... ... . ... .. v ... 192
9.4 Habitat Related Performance of Clusias . . . ... ... ... 196
9.4.1 Aims and Approaches of Assessment . . .. ... ... .. . 196
94.2 Habitatsand Sites . . . . ... ... ... ... ... ..... 198
9.5 Plasticity and Diversity of Clusias . . . . .. ... ... ... 223
References . . . . . . . . . . . i e e e 229
10 Mycorrhiza of Clusia Species: Types, Abundance,

Responses to Environmental Conditions . . . .. ... ... 235

MEIKE KREUZER, ANJA VAASEN, FAB10 RUBIO SCARANQ,
and RUDIGER HaMPP

10.1 Introduction . . . . . v v i i e e e e e e e e e e 235
10.2 Types of Clusia mycorrhizae ... ... ... ......... 236
10.3 Conclusions . . . . . 0 v v v i i e e e e e e e e e e 240
References . . . . v v v i i i e e e e e e e e e e e e e e 241

Section IV  Clusia’s Clock

11 Circadian Rhythmicity . .. ... ... .. .......... 245
HeiTorR MONTEIRO DUARTE and ULRICH LUTTGE

11.1 Clusia’s Clock: The Background of Endogenous

Rhythmicity of C,- and C,-Photosynthesis

and Crassulacean Acid Metabolism (CAM) . ... ...... 245
11.2 ClustaminorsClock . . ... ... .. ... . .. ..., 247



X11 Contents

11.2.1  Endogenous Oscillations of Gas Exchange

and Effective Quantum Yield of Photosystem II

in the C,- and CAM-Modes of Photosynthesis . . .. .. .. 247
11.2.2  Endogenous Oscillations of Oxygenase activity

of RubisCO in the C;- and CAM-Modes of Photosynthesis . 250

11.3 Oscillator Elements and their Cryptic Network . . ... .. 253
References . . . . v v o s e e e e e e e e e e e e e e e e e e e e e e e e 254
Synthesis . . . . . . . . e e 257
ULRICH LUTTGE

R eTeIICeS & o v v v ot e e e e e e e e e e e e e e e e e e e e e e e e e 263
Taxonomic IndeX . . . . . . i i e e e e e e e e e e e e e e e 265

SubjectIndex . . . .. . . . . .. e 269




