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Preface

This book reports on a comprehensive study of a neotropical mountain rain forest,
a type of an ecosystem that has received much less scientific attention than the rain
forests of the tropical lowlands. Since the local pastoral population is crowded
together in the limited accessible regions of the mountains, and because of the
fragility of these ecosystems, tropical mountain forests are more endangered by
human activities than most of the lowland rain forests. This holds in particular for
the evergreen mountain rain forests of Ecuador, the smallest of the Andean coun-
tries which now, according to the 2006 FAO report, suffers the highest annual rate
(1.7%) of deforestation in the whole of South America.

In spite of human impact the Ecuadorian Andes still represent one of the
“hottest” biodiversity hotspots worldwide. There are many reasons for the out-
standing biodiversity of that area, and those applying to the eastern range of the
South-Ecuadorian Andes are discussed in this book: the steep altitudinal gradient
over more than 1500m, the upwind and lee effects, the extraordinary edaphic and
microclimatic heterogeneity, the outstanding vegetation dynamics due to an
enormous frequency of landslides, the limitation of nutrients and last but not least
the eventful landscape history since the Pleistocene. This biodiversity is fostered
and maintained by an incredible multitude of organismic interactions which signifi-
cantly contribute to the stabilization of an otherwise fragile ecosystem.

A hotspot of biodiversity on the one hand and the highest deforestation rate on
the other, this conflict is quite obvious in many valleys in the eastern Cordillera of
southern Ecuador. One of these is the valley of the Rio San Francisco in the
provinces of Loja and Zamora, where a widely undisturbed natural forest covers
the orographically right slopes whereas on the left side the forest has been and still
is — illegally — cleared by slash and burn for grazing livestock. The replacement of
the natural ecosystem “tropical mountain rain forest” by a completely different
anthropogenic system (pastures) within the same altitudinal range and geographic
situation, separated by a horizontal distance of barely more than one kilometre pro-
vides one of the rare opportunities for a comprehensive comparison of two histori-
cally related ecosystems. Such a comparison not only helps to unravel functional
interrelations of ecosystem compartments but is also extremely useful in examining
the suspected loss of ecosystem services following human impact.
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The autochthonous ecosystem “neotropical mountain rain forest” and its anthro-
pogenic derivatives “tropical pastures” and “abandoned tropical pastures” have
been studied in an interdisciplinary endeavour by temporarily up to 30 German/
Ecuadorian research groups. The research station “Estacion Cientifica San
Francisco” (ECSF), situated above the banks of the Rio San Francisco at 1850m
a.s.l. and close to the communicating road between the two provincial capitals
Loja and Zamora, was and still is the centre of the ecological studies reported here.
It is owned and operated by the foundation “Nature and Culture International” (Del
Mar, California) through its Ecuadorian branch “Naturaleza y Cultura Internacional”
(Loja). The project started in the late 1990s with an inventory of the biotic and
abiotic compartments of the mountain rain forest. From the very beginning the
investigations of soils, hydrology, climate, vegetation and fauna of the area were
staged along an altitudinal gradient of almost 1500m as the major guideline. In
addition, all subprojects were carried out on the same core area of about 1000ha,
the so-called Reserva Bioldgica San Francisco (RBSF). In good time the results of
the inventories could be used to address also processual relations between specific
elements and compartments of the ecosystem, subsumed under the term “function-
ality”. Challenged by the non-sustainable practices of land use by the settlers,
applied research projects were incorporated in the study programme. A gradient of
land use intensity was identified which could also be considered as a gradient of
human impact or disturbance: starting with a soft use of the natural forest and
ending with home garden agriculture. However, due to the use of fire as an agricul-
tural tool, the gained areas, mainly pastures, cannot be used sustainably as they are
overgrown by persistent weeds like the bracken fern and amply propagating bushes.
These form a new type of climax vegetation which forces abandonment of the areas
but also prevents a natural recovery of the indigenous forest. This book therefore
also reports on socially compatible measures of forest management and reforestation
experiments with indigenous tree species at locations of different land use intensities,
especially on already abandoned areas.

Ecuador is tied in a particular way to the name of Alexander von Humboldt
whose fundamental description of the land, its people and especially its fauna and
flora still merits our highest admiration. Even today, 205 years after Humboldt’s
expedition to Ecuador, the majority of its biota may still await scientific description;
nevertheless, a study of the tropical ecosystem, like that presented in this book,
appears as a consequent further development of Humboldt’s idea of an ecological
landscape portrait.

A book written by 104 authors requires a lot of endeavour and a sense of solidarity
from the authors, the editors and last but not least the publisher. All of them are mutually
grateful to one another, but special acknowledgement merits our assistant editor,
Dr. Esther Schwarz-Weig, Mistelgau, for her fruitful suggestions and untiring efforts
for the completion of the book. The authors would also like to thank the sponsor
of theresearch, the German Research Foundation (Deutsche Forschungsgemeinschaft),
the foundation Nature and Culture International for providing the facilities, in particular
the famous station ECSF with the research area, and our counterparts from the
Ecuadorian Universities, above all from the Universidad Técnica Particular de Loja



Preface vii

and the Universidad Nacional de Loja. In addition to the authors, numerous
colleagues and other highly esteemed persons have contributed to the achievements
reported in this book, but as the space of a preface is limited, they hopefully can
forgive me for not mentioning them here by name.

Bayreuth, October 2007 Erwin Beck



Contents

PartI Introduction

1 The Ecosystem (Reserva Biolégica San Francisco) ...............
E. Beck, F. Makeschin, F. Haubrich, M. Richter, J. Bendix,
and C. Valerezo

2 Mountain Rain Forests in Southern Ecuador
as a Hotspot of Biodiversity — Limited Knowledge
and Diverging Patterns .. ................. ... ... ... .. .......
G. Brehm, J. Homeier, K. Fiedler, I. Kottke, J. Illig, N.M. Noske,
F.A. Werner, and S.-W. Breckle

3 The People Settled Around Podocarpus National Park . ...........
P. Pohle

4 Ecuador Suffers the Highest Deforestation Rate in South America . ... ..
R. Mosand], S. Giinter, B. Stimm, and M. Weber

5 Methodological Challenges of a Megadiverse Ecosystem ..........
G. Brehm, K. Fiedler, C.L. Hiuser, and H. Dalitz

Part I Gradients in Ecosystem Analysis

6 Investigating Gradients in Ecosystem Analysis. ..................
K. Fiedler and E. Beck

7 The Investigated Gradients. ..................................
E. Beck, R. Mosandl, M. Richter, and I. Kottke

Part IIl The Altitudinal Gradient
Part III.1 Gradual Changes Along the Altitudinal Gradient

8 Climate . ...... ... ..
J. Bendix, R. Rollenbeck, M. Richter, P. Fabian, and P. Emck



10
10.1

10.2

10.3

104

10.5

Soils Along the Altitudinal Transect and in Catchments . . . ..

W. Wilcke, S. Yasin, A. Schmitt, C. Valarezo, and W. Zech

Flora and Fungi: Composition and Function

Potential Vegetation and Floristic Composition of Andean

Forests in South Ecuador, with a Focus onthe RBSF . . .. .. ..

J. Homeier, F.A. Werner, S.R. Gradstein, S.-W. Breckle,
and M. Richter

Past Vegetation and Fire Dynamics. ... ...................

H. Niemann and H. Behling

Forest Vegetation Structure Along an Altitudinal Gradient

in Southern Ecuador. .. ........... ... ... ... ... ... .. ...

A. Paulsch, D. Piechowski, and K. Miiller-Hohenstein

Vegetation Structures and Ecological Features of the

Upper Timberline Ecotone. . . ...........................

M. Richter, K.-H. Diertl, T. Peters, and R.W. Bussman

Mycorrhizal State and New and Special Features of
Mycorrhizae of Trees, Ericads, Orchids, Ferns,

and Liverworts . ............. .. ... . . ...

I. Kottke, A. Beck, 1. Haug, S. Setaro, V. Jeske, J.P. Sudrez,
L. Pazmifio, M. Preuling, M, Nebel, and F. Oberwinkler

11 Fauna: Composition and Function

11.1

11.2

11.3

114

Bird Species Distribution Along an Altitudinal Gradient
in Southern Ecuador and its Functional Relationships

with Vegetation Structure. . .............................

D. Paulsch and K. Miiller-Hohenstein

Seed Dispersal by Birds, Batsand Wind ..................

F. Matt, K. Almeida, A. Arguero, and C. Reudenbach

Variation of Diversity Patterns Across Moth Families

Along a Tropical Altitudinal Gradient . .. ............... ..

K. Fiedler, G. Brehm, N. Hilt, D. Siienbach, and C.L. Hiuser

Soil Fauna .......... ... ... . ... ..

M. Maraun, J. Illig, D. Sandman, V. Krashevska,
R.A. Norton, and S. Scheu

Contents

... 115



Contents

Part IIL.2 Processes Along and Within the Gradient

12 WaterRelations . . ........... . ... ... ... . . ...

W. Wilcke, S. Yasin, K. Fleischbein, R. Goller, J. Boy, J. Knuth,
C. Valarezo, and W. Zech

13 Nutrient Status and Fluxes at the Field and

Catchment Scale. .. ........ ... ... ... ... . . .. . . .

W. Wilcke, S.Yasin, K. Fleischbein, R. Goller, J. Boy, J. Knuth,
C. Valarezo, and W. Zech

14 Biotic Soil Activities. ... ....... ... ... ... .

S. Tost, F. Makeschin, M. Abiy, and F. Haubrich

15 Altitudinal Changes in Stand Structure and Biomass
Allocation of Tropical Mountain Forests in Relation

to Microclimate and Soil Chemistry. .........................

G. Moser, M. Roderstein, N. Soethe, D. Hertel, and C. Leuschner

16 Stand Structure, Transpiration Responses in Trees and
Vines and Stand Transpiration of Different Forest Types

Within the Mountain Rainforest. . . ... .......................
M. Kiippers, T. Motzer, D. Schmitt, C. Ohlemacher, R. Zimmermann,

V. Horna, B.L.L. Kiippers, and T. Mette

17 Plant Growth Along the Altitudinal Gradient — Role of
Plant Nutritional Status, Fine Root Activity, and

Soil Properties .. ....... ... ... .

N. Soethe, W. Wilcke, J. Homeier, J. Lehmann, and C. Engels

Part III.3 Gradient Heterogeneities
Part I11.3.A Spatial Heterogeneities

18 Spatial Heterogeneity Patterns — a Comparison Between
Gorges and Ridges in the Upper Part of an Evergreen

Lower Montane Forest .. ........... ... ... ... . ... .. .....

M. Oesker, H. Dalitz, S. Giinter, J. Homelier, and S. Matezki

19 The Unique Purdiaea nutans Forest of Southern Ecuador —

Abiotic Characteristics and Cryptogamic Diversity. ............

N. Mandl, M. Lehnert, S.R. Gradstein, M. Kessler, M. Abiy,
and M. Richter

xi



Xii Contents

Part III.3.B Temporal Heterogeneities

20 Climate Variability. . ........ .. ... ... .. ... ... ... . .
J. Bendix, R. Rollenbeck, P. Fabian, P. Emck, M. Richter, and E. Beck

21 Growth Dynamics of Trees in Tropical Mountain Ecosystems . . . ..
A. Briuning, J. Homeier, E. Cueva, E. Beck, and S. Giinter

22 Temporal Heterogeneities — Matter Deposition from
Remote Areas .. ... ... ... . .. .. . . .
R. Rollenbeck, P. Fabian, and J. Bendix

Part IV Gradients of Disturbance
Part IV.1 Natural Disturbance

23 Gap Dynamics in a Tropical Lower Montane Forest
inSouthEcuador . .......... ... ... ... ... ... .. . ..
J. Homeier and S.-W. Breckle

24 Landslides as Important Disturbance Regimes — Causes
and Regeneration. .. ......... ... ... ... ... ... .. . ...
R.W. Bussmann, W. Wilcke, and M. Richter

Part IV.2 Disturbance by Human Activities
Part IV.2.A  Planned Disturbance as Strategy for a Sustainable Use

25 Sustainable and Non-Sustainable Use of Natural Resources
by Indigenous and Local Communities . . ......................
P. Pohle and A. Gerique

26 Natural Forest Management in Neotropical Mountain Rain
Forests — An Ecological Experiment . .........................
S. Giinter, O. Cabrera, M. Weber, B. Stimm, M. Zimmermann,
K. Fiedler, J. Knuth, J. Boy, W. Wilcke, S. Tost, F. Makeschin,
F. Werner, R. Gradstein, and R. Mosandl

Part IV.2.B Disturbance by Clearing the Forest

27 Permanent Removal of the Forest: Construction of Roads
and Power Supply Lines .. ..................................
E. Beck, K. Hartig, K. Roos, M. Preu3ing, and M. Nebel

28 Forest Clearing by SlashandBurn ...........................
E. Beck, K. Hartig, and K. Roos



Contents xiii
Part V Gradients of Regeneration

29 Gradients and Patterns of Soil Physical Parameters at Local,
Field and Catchment Scales . ................................ 375
B. Huwe, B. Zimmermann, J. Zeilinger, M. Quizhpe, and H. Elsenbeer

30 Visualization and Analysis of Flow Patterns and Water Flow
Simulations in Disturbed and Undisturbed Tropical Soils. . . . .. ... 387
C. Bogner, S. Engelhardt, J. Zeilinger, and B. Huwe

31 Pasture Management and Natural Soil Regeneration ............ 397
F. Makeschin, F. Haubrich, M. Abiy, J.I. Burneo, and T. Klinger

32 Succession Stages of Vegetation Regeneration: Secondary
Tropical Mountain Forests . ... .............................. 409
A. Martinez, M.D. Mahecha, G. Lischeid, and E. Beck

33 Reforestation of Abandoned Pastures: Seed Ecology of Native
Species and Production of Indigenous Plant Material . ... ........ 417
B. Stimm, E. Beck, S. Giinter, N. Aguirre, E. Cueva, R. Mosand],
and M. Weber

34 Reforestation of Abandoned Pastures: Silvicultural Means
to Accelerate Forest Recovery and Biodiversity . ................ 431
M. Weber, S. Giinter, N. Aguirre, B. Stimm, and R. Mosand]

35 Successional Stages of Faunal Regeneration — A Case Study
on Megadiverse Moths ............ .. ... ... ... ... ... ... .. .. 443
N. Hilt and K. Fiedler

Part VI Synopsis

36 Gradients in a Tropical Mountain Ecosystem — a Synthesis . . .. ... 451
E. Beck, I. Kottke, J. Bendix, F. Makeschin, and R. Mosandl

References ............. . 465
SubjectIndex .. ........... . 511

Taxonomic Index . ......... ... ... .. . . .. . 523



Contributors

Abiy, M.
Institute of Soil Science and Site Ecology, Dresden University of Technology,
Pienner Strasse 19, 01737 Tharandt, Germany

Aguirre, N.
Department of Forest Ecology, Universidad Nacional de Loja, Ecuador

Almeida, K.
Instituto de Ciencias Bioldgicas, Escuela Politécnica Nacional, Ladrén de
Guevara s/n, Quito, Ecuador

Arguero, A.
Instituto de Ciencias Bioldgicas, Escuela Politécnica Nacional, Ladrén de
Guevara s/n, Quito, Ecuador

Beck, A.
Spezielle Botanik, Mykologie und Botanischer Garten, Eberhard-Karls-
Universitidt Tiibingen, Auf der Morgenstelle 1, 72076 Tiibingen, Germany

Beck, E.

Department of Plant Physiology, Bayreuth Centre for Ecology and Ecosystem
Research (BayCEER), University of Bayreuth, 95440 Bayreuth, Germany,
e-mail: erwin.beck @uni-bayreuth.de

Behling, H.

Department of Palynology and Climate Dynamics, Albrecht-von-Haller-Institute
for Plant Sciences, University of Gottingen, Untere Karspiile 2, 37073 Géttingen,
Germany, e-mail: Hermann.Behling @bio.uni-goettingen.de

Bendix, J.

Laboratory for Climatology and Remote Sensing (LCRS), Faculty of Geography,
University of Marburg, Deutschhausstrasse 10, 35032 Marburg, Germany,
e-mail: bendix @staff.uni-marburg.de

Bogner, C.
Soil Physics Group, University of Bayreuth, 95440 Bayreuth, Germany,
e-mail: christina.bogner @uni-bayreuth.de

XV



Xvi Contributors

Boy, J.
Department of Soil Geography/Soil Science, Geographic Institute, Johannes
Gutenberg University, Johann-Joachim-Becher Weg 21, 55128 Mainz, Germany

Bréuning, A.
Institute of Geography, University of Erlangen—Nuremberg, Kochstrafle 4/4,
91054 Erlangen, Germany, e-mail: abraeuning @ geographie.uni-erlangen.de

Breckle, S.-W.
Department of Ecology, University of Bielefeld, Wasserfuhr 24-26, 33619
Bielefeld, Germany

Brehm, G.

Institut fiir Spezielle Zoologie und Evolutionsbiologie mit Phyletischen Museum,
Friedrich Schiller Universitit Jena, Erbertstrae 1, 07743 Jena, Germany,

e-mail: gunnar.brehm @uni-jena.de

Burneo, J.I.
Centro de Transferencia de Technologia e Investigacién Agroindustrial,
Universidad Técnica Particular de Loja, Loja, Ecuador

Bussmann, R.W.
Nature and Culture International, 1613 Bouldin Avenue, Austin, TX 78704, USA,
e-mail: rbussmann @natureandculture.org

Cabrera, O.
Institute of Silviculture, TU-Miinchen, Am Hochanger 13, 85354 Freising,
Germany

Cueva, E.

Department of Plant Physiology, Bayreuth Centre for Ecology and Ecosystem
Research (BayCEER), University of Bayreuth, 95440 Bayreuth, Germany and
Fundacion Naturaleza y Cultura Internacional, Av. Pio Jaramillo Alvarado y
Venezuela, Loja, Ecuador

Dalitz, H.
Institute of Botany and Botanical Gardens, University of Hohenheim (210),
Garbenstra3e 30, 70599 Stuttgart, Germany

Diertl, K.-H.
Institute of Geography, FA University of Erlangen, Kochstrasse 4/4, 91054
Erlangen, Germany

Elsenbeer, H.
Institute of Geoecology, University of Potsdam, P.O. Box 601553, 14415
Potsdam, Germany

Emck, P.
Institute of Geography, University of Erlangen, Kochstrasse 4/4, 91054 Erlangen,
Germany



Contributors Xvii

Engelhardt, S.
Soil Physics Group, University of Bayreuth, 95440 Bayreuth, Germany

Engels, C.
Department of Plant Nutrition and Fertilization, Humboldt University of Berlin,
Albrecht Thaer Weg 4, 14195 Berlin, Germany

Fabian, P.

Department of Ecoclimate, Institute for Bioclimatology and Immission Research,
TU-Miinchen, Science Center Weihenstephan, Am Hochanger 13, 85354 Freising,
Germany

Fiedler, K.

Department of Population Ecology, Faculty of Life Sciences, University of
Vienna, Althanstraf3e 14, 1090 Vienna, Austria,

e-mail: konrad.fiedler @univie.ac.at

Fleischbein, K.
GeoForschungsZentrum Potsdam (GFZ), Telegrafenberg, 14473 Potsdam,
Germany

Gerique, A.
Institute of Geography, University of Erlangen—Nuremberg, Kochstrasse 4/4,
91054 Erlangen, Germany

Goller, R.
Landesamt fiir Umwelt, Bayrisches Landesamt fiir Umwelt (Referat 104),
Hans-Hogn-Str. 12, 95030 Hof/Saale, Germany

Gradstein, S.R.
Department of Systematic Botany, Albrecht von Haller Institute of Plant Sciences,
University of Gottingen, Untere Karspiile 2, 37073 Gottingen, Germany

Giinter, S.
Institute of Silviculture, TU-Miinchen, Am Hochanger 13, 85354 Freising,
Germany

Hartig, K.
Department of Plant Physiology, Bayreuth Centre for Ecology and Ecosystem
Research (BayCEER), University of Bayreuth, 95440 Bayreuth, Germany

Haubrich, F.
Institute of Soil Science and Site Ecology, Dresden University of Technology,
Pienner Strasse 19, 01737 Tharandt, Germany

Haug, I.
Spezielle Botanik, Mykologie und Botanischer Garten, Eberhard-Karls-
Universitit Tiibingen, Auf der Morgenstelle 1, 72076 Tiibingen, Germany



Xviii Contributors

Hauser, C.L.
State Museum of Natural History Stuttgart (SMNS), Rosenstein 1, 70191
Stuttgart, Germany

Hertel, D.
Plant Ecology, Albrecht von Haller Institute for Plant Sciences, University of
Gottingen, Untere Karspiile 2, 37075 Gottingen, Germany

Hilt, N.
Department of Animal Ecology I, University of Bayreuth, Spitalgasse 2, 95444
Bayreuth, Germany, e-mail: n-hilt@gmx.de

Homeier, J.

Plant Ecology, Albrecht-von-Haller Institute for Plant Science, University of
Gottingen, Untere Karspiile 2, 37073 Gottingen, Germany, e-mail: jhomeie @
gwdg.de

Horna, V.
Albrecht von Haller Institute for Plant Science, University of Gottingen, Untere
Karspiile 2, 37073 Goéttingen, Germany

Huwe, B.
Soil Physics Group, University of Bayreuth, 95440 Bayreuth, Germany,
e-mail: bernd.huwe @uni-bayreuth.de

Illig, J.
Institut fiir Zoologie, TU Darmstadt, Schnittspahnstrae 3, 64287 Darmstadt,
Germany

Tost, S.
Institute of Soil Science and Site Ecology, Dresden University of Technology,
Pienner Strasse 19, 01737 Tharandt, Germany

Jeske, V.
Spezielle Botanik, Mykologie und Botanischer Garten, Eberhard-Karls-
Universitét Tiibingen, Auf der Morgenstelle 1, 72076 Tiibingen, Germany

Kessler, M.
Albrecht von Haller Institute of Plant Sciences, Department of Systematic
Botany, University of Gottingen, Untere Karspiile 2, 37073 Gottingen, Germany

Klinger, T.
Institute of Soil Science, Faculty of Forest, Geo and Hydro Sciences, Dresden
University of Technology, P.O. 1117, 01735 Tharandt, Germany

Knuth, J.

Department of Soil Geography/Soil Science, Geographic Institute, Johannes
Gutenberg University, Johann-Joachim-Becher Weg 21, 55128 Mainz,
Germany



Contributors XixX

Kottke, I.

Spezielle Botanik, Mykologie und Botanischer Garten, Eberhard-Karls-
Universitit Tiibingen, Auf der Morgenstelle 1, 72076 Tiibingen, Germany,
e-mail: Ingrid.Kottke @uni-tuebingen.de

Krashevska, V.
Institut fiir Zoologie, TU Darmstadt, Schnittspahnstrasse 3, 64287 Darmstadt,
Germany

Kiippers, B.I.L.
Institute of Botany and Botanical Gardens, University of Hohenheim,
Garbenstra3e 30, 70599 Stuttgart, Germany

Kiippers, M.

Institute of Botany and Botanical Gardens, University of Hohenheim,
Garbenstra3e 30, 70599 Stuttgart, Germany,

e-mail: kuppers @uni-hohenheim.de

Lehnert, M.
Albrecht von Haller Institute of Plant Sciences, Department of Systematic
Botany, University of Gottingen, Untere Karspiile 2, 37073 Gottingen, Germany

Lehmann, J.
Department of Crop and Soil Sciences, Cornell University, 909 Bradfield Hall,
Ithaca, NY 14853, USA

Leuschner, C.

Plant Ecology, Albrecht von Haller Institute for Plant Sciences, University of
Gottingen, Untere Karspiile 2, 37075 Gottingen, Germany,

e-mail: cleusch@uni-goettingen.de

Lischeid, G.

Ecological Modelling, Bayreuth Centre for Ecology and Ecosystem Research
(BayCEER), University of Bayreuth, Dr.-Hans-Frisch-Strafle 1-3, 95440
Bayreuth, Germany

Mahecha, M.D.
Max Planck Institute for Biogeochemistry, Hans-Knoll-Strasse 10, 07745 Jena,
Germany, e-mail: miguel.mahecha@bgc-jena.mpg.de

Makeschin, F.

Institute of Soil Science and Site Ecology, Faculty of Forest, Geo and Hydro
Sciences, Dresden University of Technology, Piennerstr. 19, 01737 Tharandt,
Germany, e-mail: makesch@forst.tu-dresden.de

Mandl, N.

Albrecht von Haller Institute of Plant Sciences, Department of Systematic
Botany, University of Gottingen, Untere Karspiile 2, 37073 Goéttingen, Germany,
e-mail: nmandl @uni-goettingen.de



XX Contributors

Maraun, M.
Institut fiir Zoologie, TU Darmstadt, Schnittspahnstrasse 3, 64287 Darmstadt,
Germany, e-mail: maraun @bio.tu-darmstadt.de

Martinez, A.

Department of Plant Physiology, Bayreuth Centre for Ecology and Ecosystem
Research (BayCEER), University of Bayreuth, Universitétsstrasse 30, 95447
Bayreuth, Germany

Matezki, S.
Institute of Plant Systematics, University of Bayreuth, Universititsstrasse 30,
95447 Bayreuth, Germany

Matt, F.

Institut of Zoology II, University of Erlangen, Staudtstrasse 5, 91058 Erlangen,
Germany; and Estacién Cientifica San Francisco Av. Pio Jaramillo

A.y Venezuela, esq. P.O. Box: 11-01-332, Loja, Ecuador,

e-mail: fxmatt@biologie.uni-erlangen.de

Mette, T.

Bayerische Landesanstalt fiir Wald und Forstwirtschaft, Abteilung und
Sachgebiet: Waldbewirtschaftung - Waldbau, Am Hochanger 11 85354 Freising,
Germany

Mosandl, R.
Institute of Silviculture, TU-Miinchen, Am Hochanger 13, 85354 Freising,
Germany, e-mail: mosandl @forst.tu-muenchen.de

Moser, G.
Plant Ecology, Albrecht von Haller Institute for Plant Sciences, University of
Gottingen, Untere Karspiile 2, 37075 Gottingen, Germany

Motzer, T.

Institute of Botany and Botanical Gardens, University of Hohenheim,
Garbenstra3e 30, 70599 Stuttgart, Germany; and Department of Physical
Geography, University of Mannheim, L9, 1-2, 68131 Mannheim, Germany

Miiller-Hohenstein, K.
Department of Biogeography, University of Bayreuth, Universititsstrasse 30,
95440 Bayreuth, Germany

Nebel, M.
Staatliches Museum fiir Naturkunde Stuttgart, Rosenstein 1, 70191 Stuttgart,
Germany

Niemann, H.

Department of Palynology and Climate Dynamics, Albrecht von Haller Institute
for Plant Sciences, University of Gottingen, Untere Karspiile 2, 37073 Géttingen,
Germany



Contributors XXi

Norton, R.A.
College of Environmental Science and Forestry, Faculty of Environmental and

Forest Biology, State University of New York, 1 Forestry Drive, Syracuse,
NY 13210, USA

Noske, N.M.
Botanic Garden and Botanical Museum Berlin—Dahlem, Free University of
Berlin, Konigin-Luise-Strasse 68, 14195 Berlin, Germany

Oberwinkler, F.
Spezielle Botanik, Mykologie und Botanischer Garten, Eberhard-Karls-
Universitét Tiibingen, Auf der Morgenstelle 1, 72076 Tiibingen, Germany

Oesker, M.
Institute of Botany and Botanical Garden, University of Hohenheim (210),
Garbenstra3e 30, 70599 Stuttgart, Germany, e-mail: mathiasoesker @web.de

Ohlemacher, C.
Institute of Botany and Botanical Gardens, University of Hohenheim,
Garbenstra3e 30, 70599 Stuttgart, Germany

Paulsch, A.
Institute for Biodiversity, Drei-Kronen-Gasse 2, 93047 Regensburg, Germany,
e-mail: paulsch@biodiv.de

Paulsch, D.
Gustav-Schonleber-Strasse 3, 76187 Karlsruhe, Germany,
e-mail: detlevpaulsch@hotmail.com

Pazmifo, L.
Biologia Molecular, Universidad Técnica Particular de Loja, Cayetano Alto, Loja,
Ecuador

Peters, T.
Institute of Geography, FA University of Erlangen, Kochstrasse 4/4, 91054
Erlangen, Germany

Piechowski, D.
Systematische Botanik und Okologie (Biologie V), University of Ulm, Albert-
Einstein-Allee 11, 89081 Ulm, Germany

Pohle, P.
Institute of Geography, University of Erlangen—Nuremberg, Kochstrasse 4/4,
91054 Erlangen, Germany, e-mail: ppohle @ geographie.uni-erlangen.de

PreuBling, M.
Staatliches Museum fiir Naturkunde Stuttgart, Rosenstein 1, 70191 Stuttgart,
Germany



Xxii Contributors

Quizhpe, M.
Soil Physics Group, University of Bayreuth, 95440 Bayreuth, Germany

Reudenbach, C.
Philipps Universitit Marburg, Fachbereich Geographie, Deutschhaustrasse 10,
35032 Marburg, Germany, e-mail: c.reudenbach @staff.uni-marburg.de

Richter, M.
Institute of Geography, University of Erlangen, Kochstrasse 4/4, 91054 Erlangen,
Germany, e-mail: mrichter @ geographie.uni-erlangen.de

Roderstein, M.
Plant Ecology, Albrecht von Haller Institute for Plant Sciences, University of
Gottingen, Untere Karspiile 2, 37075 Gottingen, Germany

Rollenbeck, R.

Department of Ecoclimate, Institute of Bioclimatology and Immission Research,
Technical University of Munich, Germany; and Laboratory for Climatology and
Remote Sensing (LCRS), Faculty of Geography, University of Marburg,
Deutschhausstrasse 10, 35032 Marburg, Germany, e-mail: rollenbeck @lcrs.de

Roos, K.
Department of Plant Physiology, Bayreuth Centre for Ecology and Ecosystem
Research (BayCEER), University of Bayreuth, 95440 Bayreuth, Germany

Sandmann, D.
Institut fiir Zoologie, TU Darmstadt, Schnittspahnstrasse 3, 64287 Darmstadt,
Germany

Scheu, S.
Institut fiir Zoologie, TU Darmstadt, Schnittspahnstrasse 3, 64287 Darmstadt,
Germany

Schmitt, A.

Institute of Soil Science and Soil Geography, BayCEER (Bayreuth Center for
Ecology and Environmental Research), University of Bayreuth, 95440 Bayreuth,
Germany

Schmitt, D.
Institute of Botany and Botanical Gardens, University of Hohenheim,
Garbenstrafle 30, 70599 Stuttgart, Germany

Setaro, S.
Spezielle Botanik, Mykologie und Botanischer Garten, Eberhard-Karls-
Universitit Tiibingen, Auf der Morgenstelle 1, 72076 Tiibingen, Germany

Soethe, N.

Department of Plant Nutrition and Fertilization, Humboldt University of Berlin,
Albrecht Thaer Weg 4, 14195 Berlin, Germany,

e-mail: Nathalie.Soethe @gmx.de



Contributors XXiii

Stimm, B.
Institute of Silviculture, TU-Miinchen, Am Hochanger 13, 85354 Freising,
Germany, e-mail: stimm@forst.tu-muenchen.de

Suarez, J.P.
Biologia Molecular, Universidad Técnica Particular de Loja, Cayetano Alto, Loja,
Ecuador

SiiBenbach, D.
Federal Environmental Agency, Worlitzer Platz 1, 06844 Dessau, Germany

Valarezo, C.

Area Agropecuaria y de Recursos Naturales Renovables, Programa de
Agroforesteria, Universidad Nacional de Loja, Ciudadela Universitaria Guillermo
Falconi, Loja, Ecuador

Weber, M.
Institute of Silviculture, TU-Miinchen, Am Hochanger 13, 85354 Freising,
Germany, e-mail: m.weber@forst.tu-muenchen.de

Werner, FA.
Department of Systematic Botany, Albrecht von Haller Institute of Plant Sciences,
University of Gottingen, Untere Karspiile 2, 37073 Gottingen, Germany

Wilcke, W.

Department of Soil Geography/Soil Science, Geographic Institute, Johannes
Gutenberg University, Johann-Joachim-Becher Weg 21, 55128 Mainz, Germany,
e-mail: Wolfgang.Wilcke @uni-mainz.de

Yasin, S.
Center for Irrigation, Water resources, Land and Development, Universitas
Andalas, Kampus Limau Manis, Padang 25163, Indonesia

Zech, W.
Institute of Soil Science and Soil Geography, University of Bayreuth,
Universititsstrasse 30, 95440 Bayreuth, Germany

Zeilinger, J.
Soil Physics Group, Institute of Plant Physiology, University of Bayreuth, 95440
Bayreuth, Germany; and P.O. Box 11-01-890, Loja, Ecuador

Zimmermann, B.
Institute of Geoecology, University of Potsdam, 14415 Potsdam, Germany

Zimmermann, M.
Department of Animal Ecology I, University of Bayreuth, 95440 Bayreuth,
Germany

Zimmermann, R.
Institute of Botany and Botanical Gardens, University of Hohenheim,
Garbenstraf3e 30, 70599 Stuttgart, Germany



