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How do we study
biome boundaries?



INTRODUCTION APPROACHES SPACE & TIME

Te— -~




- INTRODUCTION APPROACHES SPACE & TIME

Outline

° Approaches (with many examples)
e Adv/disadv
 Spatial/Temporal aspects
* Links
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* Foundation of ecology.

* Perceived importance of field observations & natural
history: 4,

* Foundation for more analytically rigorous, hypothesis-
testing approaches.



Langeberg, Marloth Reserve

Image courtesy of Coert Geldenhuys



Langeberg, Marloth Reserve




Langeberg, Marloth Reserve

Image courtesy of Coert Geldenhuys



Langeberg, Marloth Reserve
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Topography interacting with fire

Image courtesy of Coert Geldenhuys




Journal of Biogeography (1994) 21, 49-62

Bergwind fires and the location pattern of forest
patches in the southern Cape landscape, South Africa

C.J. GELDENHUYS CSIR Division of Forest Science and Technology, P.O. Box 395, Pretoria 0001, Republic of
South Africa
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“FIELD OBSERVATIONS

Another example:

Fynbos — Thicket boundary
(in the Suurberg, Eastern Cape)



Dita 510, NOAA, LIS,
(@ 2015 AfriGIS (Py) Ltd,
U5 Deptof Rate Geographer
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Field observations are not restricted to
researcher-based observations.
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Field observations are not restricted to
researcher-based observations.

 Old travellers records
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Field observations are not restricted to
researcher-based observations.

“At the foot of the mountains [of the
Cape Peninsula] towards the West they
found forests of tall trees, as thick as
apple trees without any fruit on them
and of a very hard wood”. De Beulieu

1620
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Field observations are not restricted to
researcher-based observations.

 Old travellers records
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OBSERVATION

Field observations are not restricted to
researcher-based observations.

 Old travellers records
* Newspaper archives

* Old photos or paintings
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Field observations are not restricted to
researcher-based observations.

 Old travellers records
* Newspaper archives
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“FIELD OBSERVATIONS

Advantages:

e Large ‘sample sizes’ over varying conditions, including
rare events.

* Early detection of biome shifts.
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OBSERVATIONS |

Disadvantages:

* Lack certainty...
e Difficult to assess interactions.

e “Unseen” drivers.
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Two subcategories

Tightly-linked

Loosely-linked
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Tightly-linked

Vegetation Environment
(response variables) (explanatory variables)




Tightly-linked

Vegetation Environment
(response variables) (explanatory variables)

Measurements are sampled together
(e.g. floristic composition and soil samples for a site)
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Loosely-linked

Vegetation Environment
(response variables) (explanatory variables)




APPROACH T+

" CORRELATI

Loosely-linked

Vegetation Environment

(response variables) (explanatory variables)

Measurements are made up of different datasets
(e.g. aerial photographs, stocking records and weather station data )



EXAMPLE:
TIGHTLY-LINKED
CORRELATIVE APPROACH
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Contents lists available at ScienceDirect  SOUTH AFRICAN
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South African Journal of Botany

journal homepage: www.elsevier.com/locate/sajb

Forest and fynbos are alternative states on the same nutrient poor
geological substrate

C. Coetsee **, WJ. Bond °, B.J. Wigley ?

Are soil properties (nutrients) responsible for the
limiting the distribution of Fynbos or Forest?
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'OBSERVATIONS CORRELATIVE EXPERIMENTAL MECH. MODELLING PHYI
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PCA ordination showing soil variables for plots with Forest or
Fynbos biomes
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Eigenvalues

C.N.ratio

PCA ordination showing soil variables for plots with Forest or
Fynbos biomes
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PCA ordination showing soil variables for plots with Forest or
Fynbos biomes
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Are soil properties (nutrients) responsible for the
limiting the distribution of Fynbos or Forest?
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Loosely-linked
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Loosely-linked
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“ CORRELATIVE APPROACH

Advantages:

* Include many variables.

 |dentify potential thresholds and interactions.
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* CORRELATIVE APPROACH "

Disadvantages:

Correlation does not imply causation.
Often cannot unequivocally identify a causal factor.
Often lacks a causal mechanism.

Cannot extrapolate beyond recorded measurements.
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Disadvantages:

Atmospheric [CO2]
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Manipulation of the environment



Categorised along a continuum
based on how many factors are
controlled
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Field experiments: ad hoc
Field experiments: a priori
Common garden experiment
Greenhouse experiments
Laboratory experiments
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Field experiment: ad hoc
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Journal of Biogeography (1994) 21, 49-62

Bergwind fires and the location pattern of forest
patches in the southern Cape landscape, South Africa

C.J. GELDENHUYS CSIR Division of Forest Science and Technology, P.O. Box 395, Pretoria 0001, Republic of
South Africa




Journal of Biogeography (1994) 21, 49-62

Bergwind fires and the location pattern of forest
patches in the southern Cape landscape, South Africa

C.J. GELDENHUYS CSIR Division of Forest Science and Technology, P.O. Box 395, Pretoria 0001, Republic of
South Africa

How does post-fire forest succession occur?
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Field experiment: a priori

Transplant
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Experimental plots
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Change in geology
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Change in geology
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Reciprocal transplant experiment
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Reciprocal transplant experiment

 Across T & PPT gradient

* 2 soil types: sandstone & shale
* 3spp. per biome

7 Months
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Findings
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Succulent Karoo
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Succulent Karoo
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"EXPERIMENTAL APP

Field experiments: ad hoc
Field experiments: a priori
Common garden experiment
Greenhouse experiments
Laboratory experiments




Greenhouse experiment



DACHES: OBSERVATIONS CORRELATIVE EXPERIMENTAL MECH. MODELLING PHY

7 R " <
/":&7%’1{_ ”
o

R y ol A N x = -
™ <) . - i b v

< [t

———

Journal of Vegetation Science 12: 75-80, 2001
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Abiotic determinants of the fynbos / succulent karoo boundary,
South Africa

Lechmere-Oertel, Richard G!2* & Cowling, Richard M.!




Established seedlings transplanted into pots:

* Fynbos or Succulent Karoo species
e Sandstone-derived soils or shale-derived soils
 No water vs daily water

* Greenhouse setting



Similar story to Esler et al. (2015)



Field experiments: ad hoc

Field experiments: a priori
Common garden experiment
Greenhouse experiments
Laboratory experiments



Control of environmental variables

Field experiments: ad hoc
Field experiments: a priori
Common garden experiment
Greenhouse experiments
Laboratory experiments



Control of environmental variables

Field experiments: ad hoc
Field experiments: a priori
Common garden experiment
Greenhouse experiments
Laboratory experiments




Number of treatments

Field experiments: ad hoc
Field experiments: a priori
Common garden experiment
Greenhouse experiments
Laboratory experiments



Number of treatments

Field experiments: ad hoc
Field experiments: a priori
Common garden experiment
Greenhouse experiments
Laboratory experiments




Application to broader context

Field experiments: ad hoc
Field experiments: a priori
Common garden experiment
Greenhouse experiments
Laboratory experiments



Application to broader context

Field experiments: ad hoc
Field experiments: a priori
Common garden experiment
Greenhouse experiments
Laboratory experiments
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ENTAL APPROACH |

Advantages:

* Explicitly test variable importance and interactions.
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"EXPERIMENTAL APPROACH '

Disadvantages:

* Practical limits on the # of variables/treatments.

e Extrapolation beyond experimental conditions
~problematic.

* Not practical if lots of time is required to observed
results

ot B RN




APPROACHES

Field observations

Correlative approach Tightly-linked
Loosely-linked
Experimental approach Field-based: ad hoc
Field-based: manipulation
Common garden
Greenhouse
Laboratory
Mechanistic modelling

Phylogenetic approach



MECHANISTIC
MODELLING
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MECHANISTIC MODELLING APPROAC

11h00
Glenn Moncrieff

Improving projections of the future
distribution of the Fynbos and Succulent
Karoo Biomes using Dynamic Vegetation
Models
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MECHANISTIC MODELLI

« Examine a complex system by combining different
parts (modules/cogs).

* Each cog is a process-based representation of a
system component.

e Usually requires a lot of mathematical and
programming skills.



“H. MODELLING

Rainfall Probability of wet season drought

Grass production

Herbivory and -

decomposition Grass biomass
[ Fire day Relative humidity j

Wind speed Fire intensity

Grass moisture

Tree height Topkill probability

Grass type

Resprout probability

Seed production

Canopy area ] > \ 4
Seedling establishment [¢—

f

Dispersal distance

Higgins et al. (2000) J. Ecol



jglobal Change Biology

Global Change Biology (2009) 15, 2224-2246, doi: 10.1111/j.1365-2486.2008.01838.x

Impacts of climate change on the vegetation of Africa:
an adaptive dynamic vegetation modelling approach

SIMON SCHEITER*and STEVEN I. HIGGINST




XOACHES: OBSERVATIONS CORRELATIVE EXPERIMENTAL MECH.MODELL]NG

ADGVM :

Scheiter &Higgins (2009) GCB

C4 Grassland

- C4 Savannah

- Forest and closed woodland
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ADGVM :

Scheiter &Higgins (2009) GCB

C4 Grassland

- C4 Savannah

- Forest and closed woodland

PRESENT DAY CLIMATE
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ADGVM :

Scheiter &Higgins (2009) GCB

C4 Grassland

- C4 Savannah

- Forest and closed woodland

PRESENT DAY CLIMATE

No fire




ADGVM

Scheiter &Higgins (2009) GCB

C4 Grassland

- C4 Savannah

- Forest and closed woodland

PRESENT DAY CLIMATE

No fire
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ADGVM :

Scheiter &Higgins (2009) GCB

C4 Grassland

- C4 Savannah

- Forest and closed woodland

PRESENT DAY CLIMATE

No fire
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ADGVM -

Scheiter &Higgins (2009) GCB

C4 Grassland

- C4 Savannah I

- Forest and closed woodland

PRESENT DAY CLIMATE

No fire




ADGVM "

Scheiter &Higgins (2009) GCB

C4 Grassland
C4 Savannah
- Forest and closed woodland

PRESENT DAY CLIMATE




MECHANISTIC MODELLING APPROACH

Advantages:

Wide range of variables and processes.
* Predictions under novel conditions.
* Enables complex interactions.

 Ask questions at spatial and temporal scales not
feasible in the real world.
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MECHANISTIC MODELLING APPROACH
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Disadvantages:

* Challenging to obtain data to test model accuracy.

e Difficult to model unexpected evolutionary scenarios
(e.g. effects of keystone species).

* Limited plant growth forms (e.g. no succulents).

* Many parameters, some poorly estimated or constrained.



APPROACHES

Field observations

Correlative approach Tightly-linked
Loosely-linked
Experimental approach Field-based: ad hoc
Field-based: manipulation
Common garden
Greenhouse
Laboratory
Mechanistic modelling

Phylogenetic approach
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"PHYLOGENETIC APPROAC

* Recent addition to the biome boundary
toolbox.

* Well-sampled and dated molecular
phylogenies.



y

e e ——— ————

EN

="

Origins of biomes
Phylogenetic niche conservatism

Evolution of traits and diversification
across boundaries

Phylogenetically-controlled comparisons

v. 3

TIC APPROAC
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PHYLOGENETIC

Contents lists available at ScienceDirect

Perspectives in Plant Ecology, Evolution and Systematics

s

o ’
EL.SEVIER journal homepage: www.elsevier.com/locate/ppees

Perspectives

in Plant Ecology, |

Evolution and
=== Systematics

122010

7
I

Research article

Diversification rate shifts in the Cape Floristic Region: The right traits
in the right place at the right time

Renske E. Onstein*, Richard ]. Carter, Yaowu Xing, H. Peter Linder




"PHYLOGENETIC APPROACH

Contents lists available at ScienceDirect = inPlant Ecology,
Evolution and
Systematics

12010 g

Perspectives in Plant Ecology, Evolution and Systematics

journal homepage: www.elsevier.com/locate/ppees

Research article

Diversification rate shifts in the Cape Floristic Region: The right traits
in the right place at the right time

Renske E. Onstein*, Richard J. Carter, Yaowu Xing, H. Peter Linder

What happens to lineages when they shift between biomes?
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stenastachys
txinandra zeylanica
{xinandra coriaceae
Crypteronia paniculata
Crzpteronia borneensis
Crypteronia griffithii
Crypteronia glabrifolia
Alzatea verticillata
Rhynchocaly &

Olinia emarginata

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027

—_—L

Oo00000000000000000EEEE EEEEEEEEEn

Olinia

Olinia radiata

Olinia capensis

Olinia ventosa
Glischrocolla formosa
Endonema retzioides
Endonema lateriflora
Brachysiphon rupestris
Stylapterus micranthus
Brachisiphon acutus
Brachysiphon mundii
Saltera sarcocolla

Sonderothammus petracus
Sonderothammus speciosus
Stylapterus fruticulosus
Stylapterus ericoides
Brachysiphon fucatus
Brachysiphon microphyllus
Penaca dahlgrenii
Stylapterus ericifolius
Penaea acutifolia

Penaea mucronata

Penaea cneorum

Shifted
diversification rate

==== Vegetation type shift

M Forest
3 Fynbos

I Large leaves 225-18225 mm]
B Small leaves 0-224 mm?

I High SLA >5 mm?*mg
B Low SLA <5 mm¥mg

Phyliceae
r=0.033, sd=0.003
r=0.234, sd=0.023

Outgroups
Noltea africana

Nesiota elliptica
Trichacephalus stipularis
Phylica obtusifolia
Phylica aemula

Phylica affinis

=

Phylica
Phylica lasiocarpa
Phylica buxifolia
Phylica leavis
Phylica lachnaeoides
Phylica fourcadei
Phylica abietina
Phylica oleacfolia
Phylica spicata
Phylica pustulata
Phylica villosa
Phylica leipoldtia
Phylica pubescens
Phylica imberbis
Phylica harveyi

Phylica
Phylica plumosa
Phylica excelsa
Phylica ambigua
Phylica cilindrica
Phylica montana
Phylica odorata
Phylica recurvifolia
Phylica alba
Phylica laevigata
Phylica humulis
Phylica nigrita
Phylica fruticosa
Phylica disticha
Phylica ericoides
Phylica parviflora
Phylica thodei
Phylica nitida
Phylica paniculata
Phylica polifolia
Phylica arborea
Phylica lanata
Phylica purpurea
Phylica pinea
Phylica
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S NN NN NN NSNS NN NN EEpENEEEEEEEEEEEEERER

Phylica aillaris

Diosmeae
r=0.015, sd=0.002
r=0.194, sd=0.032

-

N

Outgroups
Calodendrum capense
tgathosma bifida
tgathosma capensis
Agathosma adenandrifolia
Phyilosma capensis
Agathosma namaguensis
Coleonema juniperina
Acmadenia teretifolia
tdenandra villosa
tdenandra rotundifolia
Adenandra brachyphylla
Acmadenia obtusata
Acmadenia trigona
Agathosma bathii
Empleurum unicapsulare

[nls]sls]sslslsls(slslols]ss]s|s{ala]s]sls|als]s=] |

pubens
Macrosiylis ramulosa
Macrostylis squarrosa
Macrostylis villosa
Euchactis glabrata
Euchaetis glomerata
Diosma hirsuta
Coleonema pulchrum
Diosma oppositifolia
Diosma subulata
Diosma sabulosa



Constructed dated

phylogenies of three

clades that have
species in Forest
and Fynbos.

Dactlocladus stenostachys
txinandra zeylanica
txinandra coriaceae
Crypteronia paniculata
Crzpteronia borneensis
Crypteronia griffthii
Crypteronia glabrifolia
tizatea verticillata

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027
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Riynchocalyx lavwsonioides
Olinia emarginata

Olinia vanguerioides
Olinia radiata

Olinia capensis

Olinia ventosa
Glischrocolla formasa
Endonema retzioides
Endonema lateriflora
Brachysiphon rupestris
Stylapterus micranthus
Brachisiphon acutus
Brachysiphon mundii
Saltera sarcocolla
Sonderothamnus petraeus
Sonderothammus speciosus
Stylapterus fruticulosus
Stylapterus ericoides
Brachysiphon fucatus
Brachysiphon microphyllus
Penaea dahlgreni
Stylapterus ericifolius
Penaea acutifolia

Penaea mucronata

Penaea crcorum

Ourgroups
Noltea africana

Nesiota elliptica
Trichocephalus stipularis
Phylica obtusifolia
Phylica aemula

Phylica affinis

Shifted
diversification rate

==== Vegetation type shift

I Forest
3 Fynbos

I Large leaves 225-18225 mm]
B Small leaves 0-224 mm?

I High SLA >5 mm?*/mg
B Low SLA <5 mm*/mg

Phyliceae
r=0.033, sd=0.003
r=0.234, sd=0.023

Phylica ceph
Phylica lasiocarpa
Phylica buxifolia
Phylica leavis
Phylica lachnacoides
Phylica fourcadei
Phylica abietina
Phylica oleaefolia
Phylica spicata
Phylica pustulata
Phylica villosa
Phylica leipoldtia
Phylica pubescens
Phylica imberbis
Phylica harveyi
Phylica cryptandroides
Phylica plumosa
Phylica excelsa
Phylica ambigua
Phylica cilindrica
Phylica montana
Phylica odorata
Phylica recurvifolia
Phylica alba
Phylica laevigata
Phylica humulis
Phylica nigrita
Phylica fruticosa
Phylica disticha
Phylica ericoides
Phylica parviflora
Phylica thodei
Phylica nitida
Phylica paniculata
Phylica polifolia
Phylica arborea
Phylica lanata
Phylica purpurea
Phylica pinea
Phylica
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Phylica axillaris

Diosmeae
r=0.015, sd=0.002
r=0.194, sd=0.032
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Outgroups
Calodendrum capense
tgathosma bifida
tgathosma capensis
tgathosma adenandrifolia
Phyilosma capensis
Agathosma namaquensis
Coleonema juniperina
tcmadenia teretifolia
tdenandra villosa
tdenandra rotundifolia
tdenandra brachyphylla
{cmadenia obtusata
fcmadenia trigona
Agathosma bathii
Empleurum unicapsulare
Sheilanthera pubens
Macrosiylis ramulosa
Macrostylis squarrosa
Macrostylis villosa
Euchaetis glabrata
Euchaetis glomerata
Diosma hirsuta
Coleonema pulchrum
Diosma oppositifolia
Diosma subulata
Diosma sabulosa



stenostachys

Axinandra zeylanica

{xinandra coriaceae
Crypteronia paniculata
Crzpteronia borneensis
Crypteronia griffithii
Crypteronia glabrifolia
Alzatea verticillata
nch ’

Olinia emarginata
Olinia
Olinia radiata

Olinia capensis

Olinia ventosa
Glischrocolla formosa
Endonema retzioides
Endonema lateriflora

Brachysiphon rupestris
Stylapterus micranthus
Brachisiphon acutus
Brachysiphon mundii

Saltera sarcocolla
Sonderothammus petraeus

Penaeaceae

Sonderothammus speciosus
Stylapterus fruticulosus
Stylapterus ericoides
Brachysiphon fucatus
Brachysiphon microphyllus

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027

Shifted LT
diversification rate m—0

==== Vegetation type shift
M Forest
P h I . 3 Fynbos
y I C e a e I Large leaves 225-18225 mm] -1
B Small leaves 0-224 mm?

I High SLA >5 mm?*mg
B Low SLA <5 mm¥mg

Penaea dahigrenii

Stylapterus ericifolius

Penaea acutifolia
Penaea mucronata
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Penaea crcorum

Outgroups
Noltea africana

Nesiota elliptica
Trichacephalus stipularis
Phylica obtusifolia
Phylica aemula

Phylica affinis

Phylica ceph

Phylica lasiocarpa
Phylica buxifolia
Phylica leavis

Phylica lachnacoides
Phylica fourcadei
Phylica abietina

Phylica oleacfolia
Phylica spicata

Phylica pustulata
Phylica villosa

Phylica leipoldtia

Phylica pubescens
Phylica imberbis
Phylica harveyi
Phylica

Phylica plumosa
Phylica excelsa
Phylica ambigua
Phylica cilindrica
Phylica montana
Phylica odorata
Phylica recurvifolia
Phylica alba
Phylica laevigata
Phylica humulis
Phylica nigrita
Phylica fruticosa
Phylica disticha
Phylica ericoides
Phylica parviflora
Phylica thodei
Phylica nitida
Phylica paniculata
Phylica polifolia
Phylica arborea
Phylica lanata
Phylica purpurea
Phylica pinea
Phylica

Phylica axillaris

Phyliceae
r=0.033, sd=0.003
r=0.234, sd=0.023

S —
D .
Diosmeae
r=0.015, sd=0.002
r=0.194, sd=0.032
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Outgroups

Calodendrum capense
tgathosma bifida
tgathosma capensis
Agathosma adenandrifolia

Phyilosma capensis
Agathosma namaguensis

Coleonema juniperina
Acmadenia teretifolia
tdenandra villosa

tdenandra rotundifolia
tdenandra brachyphylla
temadenia obtusata
fcmadenia trigona
Agathosma bathii

Empleurum unicapsulare
Sheilanthera pubens
Macrosiylis ramulosa
Macrostylis squarrosa
Macrostylis villosa
Euchactis glabrata
Euchaetis glomerata
Diosma hirsuta

Coleonema pulchrum
Diosma oppositifolia
Diosma subulata
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Diosma sabulosa




Fynbos

stenastachys
txinandra zeylanica
{xinandra coriaceae
Crypteronia paniculata
Crzpteronia borneensis
Crypteronia griffthii
Crypteronia glabrifolia
Aizatea verticillata
Rhynchocaly &

Olinia emarginata
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Olinia

Olinia radiata

Olinia capensis

Olinia ventosa
Glischrocolla formasa
Endonema retzioides
Endonema lateriflora
Brachysiphon rupestris
Stylapterus micranthus
Brachisiphon acutus
Brachysiphon mundii
Saltera sarcocolla

Sonderothammus petracus
Sonderothammus speciosus
Stylapterus fruticulosus
Stylapterus ericoides
Brachysiphon fucatus
Brachysiphon microphyllus
Penaea dahlgreni
Stylapterus ericifolius
Penaea acutifolia

Penaea mucronata

Penaea cneorum

L
Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027
Shifted
diversification rate

Vegetation type shift

M Forest
3 Fynbos

I Large leaves 225-18225 mm]
B Small leaves 0-224 mm?

I High SLA >5 mm?*mg
B Low SLA <5 mm¥mg

Phyliceae
r=0.033, sd=0.003
r=0.234, sd=0.023

P

Outgroups
Noltea africana

Nesiota elliptica
Trichacephalus stipularis
Phylica obtusifolia
Phylica aemula

Phylica affinis

Phylica ceph
Phylica lasiocarpa
Phylica buxifolia
Phylica leavis
Phylica lachnacoides
Phylica fourcadei
Phylica abietina
Phylica oleacfolia
Phylica spicata
Phylica pustulata
Phylica villosa
Phylica leipoldtia
Phylica pubescens
Phylica imberbis
Phylica harveyi

Phylica
Phylica plumosa
Phylica excelsa
Phylica ambigua
Phylica cilindrica
Phylica montana
Phylica odorata
Phylica recurvifolia
Phylica alba
Phylica laevigata
Phylica humulis
Phylica nigrita
Phylica fruticosa
Phylica disticha
Phylica ericoides
Phylica parviflora
Phylica thodei
Phylica nitida
Phylica paniculata
Phylica polifolia
Phylica arborea
Phylica lanata
Phylica purpurea
Phylica pinea
Phylica
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Phylica aillaris

Diosmeae
r=0.015, sd=0.002
r=0.194, sd=0.032

Outgroups
Calodendrum capense
tgathosma bifida
tgathosma capensis
Agathosma adenandrifolia
Phyilosma capensis
Agathosma namaguensis
Coleonema juniperina
Acmadenia teretifolia
tdenandra villosa
Adenandra rotundifolia
Adenandra brachyphylla
Acmadenia obtusata
Acmadenia trigona
Agathosma bathii

Empleurum unicapsulare
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pubens
Macrosiylis ramulosa
Macrostylis squarrosa
Macrostylis villosa
Euchactis glabrata
Euchaetis glomerata
Diosma hirsuta
Coleonema pulchrum
Diosma oppositifolia
Diosma subulata
Diosma sabulosa



Dactlocladus stenostachys
Axinandra zeylanica

txinandra coriaceae

Crypteronia paniculata

Crzpteronia borneensis
Crypteronia griffithii

Crypteronia glabrifolia
Alzatea verticillata

lawsonioides

Olinia radiata

Olinia capensis
Olinia ventosa
Glischrocolla formasa

Endonema retzioides
Endanema lateriflora

Brachysiphon rupestris
Stvlapterus micranthus
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Brachisiphon acutus
Brachysiphon mundii
Saltera sarcocolla
Sonderothammus petracus
Sonderothamnus speciosus
Stylapterus fruticulosus
Stylapterus ericoides
Brachysiphon fucatus
Brachysiphon microphyllus

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027

Penaea dahigreni

Stylapterus ericifolius
Penaca acutifolia

Penaea mucronata
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Penaea crcorum

Outgroups
Noltea africana

Nesiota elliptica
Trichacephalus stipularis
Phylica obtusifolia
Phylica aemula

Phylica affinis

Phylica cephalanth
Phylica lasiocarpa
Phylica buxifolia

Phylica leavis

Phylica lachnacoides
Phylica fourcadei
Phylica abietina

Phylica oleaefolia
Phylica spicata

Phylica pustulata
Phylica villosa

Phylica leipoldtia

Shifted
diversification rate

==== Vegetation type shift

Forest e

I Large leaves 225-18225 mm]
B Small leaves 0-224 mm?

Phylica pubescens
Phylica imberbis
Phylica harveyi
Phylica cryptandroides
Phylica plumosa

Phylica excelsa

Phylica ambigua
Phylica cilindrica
Phylica montana

Phylica odorata
Phylica recurvifolia
Phylica alba
Phylica laevigata
Phylica humulis

I High SLA >5 mm?*/mg
B Low SLA <5 mm*/mg

Phylica nigrita
Phylica fruticosa
Phylica disticha
Phylica ericoides
Phylica parviflora
Phylica thodei
Phylica nitida
Phylica paniculata
Phylica polifolia
Phylica arborea
Phylica lanata
Phylica purpurea

Phyliceae
r=0.033, sd=0.003
r=0.234, sd=0.023

Phylica pinea
Phylica
Phylica axillaris
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Outgroups

Calodendrum capense
tgathosma bifida

tgathosma capensis

tgathosma adenandrifolia
Phyilosma capensis

Agathosma namaguensis

Coleonema juniperina
tcmadenia teretifolia

tdenandra villosa
tdenandra rotundifolia
tdenandra brachyphylla
{cmadenia obtusata

fcmadenia trigona
Agathosma bathii
Empleurum unicapsulare
Sheilanthera pubens
Macrosiylis ramulosa
Macrostylis squarrosa
Macrostylis villosa
Euchaetis glabrata

Diosmeae
r=0.015, sd=0.002

r=0.194, sd=0.032

Euchaetis glomerata
Diosma hirsuta
Coleonema pulchrum
Diosma oppositifolia
Diosma subulata
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Diosma sabulosa



stenostachys
Axinandra zeylanica

Axinandra coriaceae
Crypteronia paniculata
Crzpteronia borneensis
Crypteronia griffthii
Crypteronia glabrifolia
Aizatea verticillata
Iynchocalyx i

Olinia emarginata
W Olinia
Olinia radiata
Olinia capensis
Olinia ventosa
Glischrocolla formosa
Endonema retzioides
Endonema lateriflora
Brachysiphon rupestris
Stylapterus micranthus
Brachisiphon acutus
Brachysiphon mundii
Saltera sarcocolla
Sonderothammus petracus
onderothamnus speciosus
Stylapterus fruticulosus
Stylapterus ericoides
Brachysiphon fucatus
Brachysiphon microphyllus

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027

Penaea dahlgreni
Stylapterus ericifolius
Penaea acutifolia
Penaea mucronata
Penaea cneorum
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Outgroups
Noltea africana
Nesiota elliptica
Trichacephalus stipularis
Phylica obtusifolia
Phylica aemula
Phylica affinis
Phylica cephal
Phylica lasiocarpa
Phylica buxifolia
Phylica leavis
Phylica lachnacoides
Phylica fourcadei
Phylica abietina
Phylica oleacfolia
Phylica spicata
Phylica pustulata
Phylica villosa
Phylica leipoldtia
Phylica pubescens
Phylica imberbis
Phylica harveyi
Phylica

Phylica plumosa
Phylica excelsa
Phylica ambigua
Phylica cilindrica
Phylica montana
Phylica odorata
Phylica recurvifolia
Phylica alba
Phylica laevigata
Phylica humulis
Phylica nigrita
Phylica fruticosa
Phylica disticha
Phylica ericoides
Phylica parviflora
Phylica thodei
Phylica nitida
Phylica paniculata
Phylica polifolia
Phylica arborea
Phylica lanata
Phylica purpurea
Phylica pinea
Phylica

Phylica axillaris

Shifted
diversification rate

Higher diversification [=:

I Large leaves 225-18225 mm]

ra te i n Fy n b O S B Small leaves 0-224 mm?

I High SLA >5 mm?*mg
B Low SLA <5 mm¥mg

Phyliceae
r=0.033, sd=0.003
r=0.234, sd=0.023
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Outgroups
Calodendrum capense
Agathosma bifida
Agathosma capensis
Agathosma adenandrifolia
Phyllosma capensis
Agathosma namaguensis
Coleonema juniperina
Acmadenia teretifolia
Adenandra villosa
tdenandra ronndifolia
tdenandra brachyphylla
Acmadenia obtusata
Acmadenia trigona
Agathosma bathii

Empleurum unicapsulare

pubens
Macrosiylis ramulosa
Macrostylis squarrosa
Macrostylis villosa
Euchactis glabrata

Diosmeae
r=0.015, sd=0.002
r=0.194, sd=0.032

Euchaetis glomerata
Diosma hirsuta

Coleonema pulchrum
Diosma oppositifolia
Diosma subulata
Diosma sabulosa
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stenastachys
txinandra zeylanica
{xinandra coriaceae
Crypteronia paniculata
Crzpteronia borneensis
Crypteronia griffithii
Crypteronia glabrifolia
Alzatea verticillata
Rhynchocaly &

Olinia emarginata

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027

—_—L
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Olinia

Olinia radiata

Olinia capensis

Olinia ventosa
Glischrocolla formosa
Endonema retzioides
Endonema lateriflora
Brachysiphon rupestris
Stylapterus micranthus
Brachisiphon acutus
Brachysiphon mundii
Saltera sarcocolla

Sonderothammus petracus
Sonderothammus speciosus
Stylapterus fruticulosus
Stylapterus ericoides
Brachysiphon fucatus
Brachysiphon microphyllus
Penaca dahlgrenii
Stylapterus ericifolius
Penaea acutifolia

Penaea mucronata

Penaea cneorum

Shifted
diversification rate

==== Vegetation type shift

M Forest
3 Fynbos

I Large leaves 225-18225 mm]
B Small leaves 0-224 mm?

I High SLA >5 mm?*mg
B Low SLA <5 mm¥mg

Phyliceae
r=0.033, sd=0.003
r=0.234, sd=0.023

Outgroups
Noltea africana

Nesiota elliptica
Trichacephalus stipularis
Phylica obtusifolia
Phylica aemula

Phylica affinis

=

Phylica
Phylica lasiocarpa
Phylica buxifolia
Phylica leavis
Phylica lachnaeoides
Phylica fourcadei
Phylica abietina
Phylica oleacfolia
Phylica spicata
Phylica pustulata
Phylica villosa
Phylica leipoldtia
Phylica pubescens
Phylica imberbis
Phylica harveyi

Phylica
Phylica plumosa
Phylica excelsa
Phylica ambigua
Phylica cilindrica
Phylica montana
Phylica odorata
Phylica recurvifolia
Phylica alba
Phylica laevigata
Phylica humulis
Phylica nigrita
Phylica fruticosa
Phylica disticha
Phylica ericoides
Phylica parviflora
Phylica thodei
Phylica nitida
Phylica paniculata
Phylica polifolia
Phylica arborea
Phylica lanata
Phylica purpurea
Phylica pinea
Phylica
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Phylica aillaris

Diosmeae
r=0.015, sd=0.002
r=0.194, sd=0.032

-

N

Outgroups
Calodendrum capense
tgathosma bifida
tgathosma capensis
Agathosma adenandrifolia
Phyilosma capensis
Agathosma namaguensis
Coleonema juniperina
Acmadenia teretifolia
tdenandra villosa
tdenandra rotundifolia
Adenandra brachyphylla
Acmadenia obtusata
Acmadenia trigona
Agathosma bathii
Empleurum unicapsulare
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pubens
Macrosiylis ramulosa
Macrostylis squarrosa
Macrostylis villosa
Euchactis glabrata
Euchaetis glomerata
Diosma hirsuta
Coleonema pulchrum
Diosma oppositifolia
Diosma subulata
Diosma sabulosa



Axinandra zeylanica

{xinandra coriaceae
Crypteronia paniculata
Crzpteronia borneensis
Crypteronia griffithii

Crypteronia glabrifolia

tizatea verticillata
Rhynchocal

Olinia emarginata
Olinia

Olinia radiata

Olinia capensis

Olinia ventosa
Glischrocolla formasa
Endonema retzioides
Endonema lateriflora
Brachysiphon rupestris
Stylapterus micranthus
Brachisiphon acutus
Brachysiphon mundii

Penaeaceae :

Saltera sarcocolla
Sonderothammus petracus
Sonderothammus speciosus
Stylapterus fruticulosus
Stylapterus ericoides
Brachysiphon fucatus
Brachysiphon microphyllus

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027

Shifted annn
diversification rate m—0

==== Vegetation type shift
M Forest
3 Fynbos
I Large leaves 225-18225 mm] -1
B Small leaves 0-224 mm?

I High SLA >5 mm?*mg
B Low SLA <5 mm¥mg

Penaea dahigrenii
Stylapterus ericifolius
Penaea acutifolia
Penaea mucronata
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Penaed cneorum

-
Nesiota elliptica
Trichacephalus stipularis
Phylica obtusifolia
Phylica aemula

Phylica affinis

Phylica ¢

Phylica lasiocarpa
Phylica buxifolia
Phylica leavis

Phylica lachnacoides
Phylica fourcadei
Phylica abietina

Phylica oleacfolia
Phylica spicata

Phylica pustulata
Phylica villosa

Phylica leipoldtia

Phylica pubescens
Phylica imberbis
Phylica harveyi
Phylica

Phylica plumosa
Phylica excelsa
Phylica ambigua
Phylica cilindrica
Phylica montana
Phylica odorata
Phylica recurvifolia
Phylica alba
Phylica laevigata
Phylica humulis
Phylica nigrita
Phylica fruticosa
Phylica disticha
Phylica ericoides
Phylica parviflora
Phylica thodei
Phylica nitida
Phylica paniculata
Phylica polifolia
Phylica arborea
Phylica lanata
Phylica purpurea
Phylica pinea
Phylica

Phylica axillaris

Phyliceae
r=0.033, sd=0.003
r=0.234, sd=0.023

S ——
Diosmeae
r=0.015, sd=0.002
r=0.194, sd=0.032

0000000000000 00000000000000000000000000000000O.mE
SN NN NN NN NN NN NN EEpENEEEEEEEEEEEEEREE

Outgroups

Calodendrum capense
tgathosma bifida
tgathosma capensis
Agathosma adenandrifolia

Phyilosma capensis

Agathosma namaguensis

Coleonema juniperina
Acmadenia teretifolia
tdenandra villosa
tdenandra rotundifolia
tdenandra brachyphylla
temadenia obtusata

fcmadenia trigona
Agathosma bathii
Empleurum unicapsulare
pubens
Macrosiylis ramulosa
Macrostylis squarrosa
Macrostylis villosa
Euchactis glabrata
Euchaetis glomerata
Diosma hirsuta

Coleonema pulchrum
Diosma oppositifolia
Diosma subulata
Diosma sabulosa
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Dactlocladus stenostachys
Axinandra zeylanica
Axinandra coriaceae
Crypteronia paniculata
Crzpteronia borneensis
Crypteronia griffithii
Crypteronia glabrifolia
Alzatea verticillata
Rhynchocalyx lawsonioides
Olinia emarginata

Olinia vanguerioides
Olinia radiata

Olinia capensis

Olinia ventosa
Glischrocolla formosa
Endonema retzioides
Endonema lateriflora
Brachysiphon rupestris
Stylapterus micranthus
Brachisiphon acutus
Brachysiphon mundii
Saltera sarcocolla
Sonderothamnus petraeus
Sonderothamnus speciosus
Stylapterus fruticulosus
Stylapterus ericoides
Brachysiphon fucatus
Brachysiphon microphyllus
Penaea dahlgrenii
Stylapterus ericifolius
Penaea acutifolia

Penaea mucronata

Penaeaceae llllllllllll.I"_l:lﬁllllllllllllllllll

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027

0000000000000 0 0000 S DS NEEEE EE
[EleleieRe el eielafaepeleefegeferesl R R R

Penaea cneorum

Oligocene Miocene

60 50 40 30 20 10 0

Shifted
diversification rate

m=mn  Vegetation type shift

B Forest

I Fynbos

B Large leaves 225-18225 mm?}
B Small leaves 0-224 mm?

I High SLA >5 mm*mg
B Low SLA <5 mm?¥mg




Dactlocladus stenostachys
Axinandra zeylanica
Axinandra coriaceae
Crypteronia paniculata
Crzpteronia borneensis
Crypteronia griffithii
Crypteronia glabrifolia
Alzatea verticillata
Rhynchocalyx lawsonioides
Olinia emarginata

Olinia vanguerioides

Olinia radiata

Olinia capensis

Olinia ventosa
Glischrocolla formosa
Endonema retzioides
Endonema lateriflora
Brachysiphon rupestris
Stylapterus micranthus
Brachisiphon acutus
Brachysiphon mundii
Saltera sarcocolla
Sonderothamnus petraeus
Sonderothamnus speciosus
Stylapterus fruticulosus
Stylapterus ericoides
Brachysiphon fucatus
Brachysiphon microphyllus
Penaea dahlgrenii
Stylapterus ericifolius
Penaea acutifolia
Penaea mucronata

B—[]

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027
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Penaea cneorum

Oligocene Miocene

60 50 40 30 20 10 0

Shifted
diversification rate

m=mn  Vegetation type shift

B Forest

Leaf size?

Bl Large leaves 225-18225 mm?
B Small leaves 0-224 mm?

Il High SLA >5 mm*mg
B Low SLA <5 mm?¥mg




B—[]

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027

Miocene
60 50 40 30 20

Small leaves in Fynbos species

10

Dactlocladus stenostachys
Axinandra zeylanica
Axinandra coriaceae
Crypteronia paniculata
Crzpteronia borneensis
Crypteronia griffithii
Crypteronia glabrifolia
Alzatea verticillata
Rhynchocalyx lawsonioides
Olinia emarginata

Olinia vanguerioides
Olinia radiata

Olinia capensis

Olinia ventosa
Glischrocolla formosa
Endonema retzioides
Endonema lateriflora
rachysiphon rupestris
btylapterus micranthus
Brachisiphon acutus
brachysiphon mundii
altera sarcocolla
onderothamnus petraeus
onderothamnus speciosus
tlapterus fruticulosus
kvlapterus ericoides
rachysiphon fucatus
rachysiphon microphyllus
enaea dahlgrenii
btyvlapterus ericifolius
Penaea acutifolia

Penaea mucronata

Penaea cneorum

Shifted
diversification rate

m=mn  Vegetation type shift

B Forest
I Fynbos

B Large leaves 225-18225 mm?}
B Small leaves 0-224 mm?

I High SLA >5 mm*mg
B Low SLA <5 mm?¥mg




Dactlocladus stenostachys
Axinandra zeylanica
Axinandra coriaceae
“rypteronia paniculata
rzpteronia borneensis
‘rypteronia griffithii
‘rypteronia glabrifolia
lzatea verticillata
hynchocalyx lawsonioides
Plinia emarginata

Dlinia vanguerioides
Jlinia radiata

Olinia capensis

Olinia ventosa
Glischrocolla formosa
Endonema retzioides
Endonema lateriflora
Brachysiphon rupestris
Stylapterus micranthus
Brachisiphon acutus
Brachysiphon mundii
Saltera sarcocolla
Sonderothamnus petraeus
Sonderothamnus speciosus
Stylapterus fruticulosus
Stylapterus ericoides
Brachysiphon fucatus
Brachysiphon microphyllus
Penaea dahlgrenii
Stylapterus ericifolius
Penaea acutifolia

Penaea mucronata

B—[]

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027
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Penaea cneorum

Eocene Oligocene Miocene

60 50 40 30 20 10 0

Shifted
diversification rate

Small leaves in Fynbos species reee Vegetaion ype i

B Forest
I Fynbos

Large leaves in Forest species BB Sial cavs 0234

I High SLA >5 mm*mg
B Low SLA <5 mm?¥mg

Bl Large leaves 225-18225 mm?




stenostachys

Axinandra zeylanica

{xinandra coriaceae
Crypteronia paniculata
Crzpteronia borneensis
Crypteronia griffithii
Crypteronia glabrifolia
Alzatea verticillata
nch ’

Olinia emarginata
Olinia
Olinia radiata

Olinia capensis

Olinia ventosa
Glischrocolla formosa
Endonema retzioides
Endonema lateriflora

Brachysiphon rupestris
Stylapterus micranthus
Brachisiphon acutus
Brachysiphon mundii

Saltera sarcocolla
Sonderothammus petracus
Sonderothammus speciosus
Stylapterus fruticulosus
Stylapterus evicoides
Brachysiphon fucatus
Brachysiphon microphyllus

Penaeaceae
r=0.043, sd=0.010
r=0.203, sd=0.027

Shifted R uaie
diversification rate m—0
==== Vegetation type shift
[ ] [ ] [
Shift in leaf size
3 Fynbos

across all clades i -

Penaea dahigrenii

Stylapterus ericifolius

Penaea acutifolia
Penaea mucronata
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Penaea crcorum

Outgroups
Noltea africana

Nesiota elliptica
Trichacephalus stipularis
Phylica obtusifolia
Phylica aemula

Phylica affinis

Phylica ceph

Phylica lasiocarpa
Phylica buxifolia
Phylica leavis

Phylica lachnacoides
Phylica fourcadei
Phylica abietina

Phylica oleacfolia
Phylica spicata

Phylica pustulata
Phylica villosa

Phylica leipoldtia

Phylica pubescens
Phylica imberbis
Phylica harveyi
Phylica

Phylica plumosa
Phylica excelsa
Phylica ambigua
Phylica cilindrica
Phylica montana
Phylica odorata
Phylica recurvifolia
Phylica alba
Phylica laevigata
Phylica humulis
Phylica nigrita
Phylica fruticosa
Phylica disticha
Phylica ericoides
Phylica parviflora
Phylica thodei
Phylica nitida
Phylica paniculata
Phylica polifolia
Phylica arborea
Phylica lanata
Phylica purpurea
Phylica pinea
Phylica

Phylica axillaris

I High SLA >5 mm?*mg
B Low SLA <5 mm¥mg

Phyliceae
r=0.033, sd=0.003
r=0.234, sd=0.023

S —
Diosmeae
r=0.015, sd=0.002
r=0.194, sd=0.032
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Outgroups

Calodendrum capense
tgathosma bifida
tgathosma capensis
Agathosma adenandrifolia

Phyilosma capensis
Agathosma namaguensis

Coleonema juniperina
Acmadenia teretifolia
tdenandra villosa

tdenandra rotundifolia
tdenandra brachyphylla
temadenia obtusata
fcmadenia trigona
Agathosma bathii

Empleurum unicapsulare
Sheilanthera pubens
Macrosiylis ramulosa
Macrostylis squarrosa
Macrostylis villosa
Euchactis glabrata
Euchaetis glomerata
Diosma hirsuta

Coleonema pulchrum
Diosma oppositifolia
Diosma subulata
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Diosma sabulosa
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Transitions of southern African plant
lineages between biomes
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'PHYLOGENETIC APPROACH '
Advantages:

 Evolutionary and deep-time perspectives on biome:
* Origins, assembly, trait evolution.

 Determine the strength of boundaries over
evolutionary time (i.e. biome conservatism)

* Incorporate evolutionary relationships into analyses
(e.g. phylogenetically independent contrasts)
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"PHYLOGEN

TIC APPROACH

Disadvantages:

 Requires well-sampled phylogenies

* Unlikely to identify the causal driver/s of the
boundary.



APPROACHES SPACE & TIME
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SPACE & TIME



INTRODUCTION APPROACHES SPACE & TIME
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FIELD OBSERVATIONS
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CORRELATIVE APPROACH
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CORRELATIVE APPROACH

TIGHTLY-LINKED
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CORRELATIVE APPROACH

LOOSELY-LINKED
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EXPERIMENTAL APPROACH
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MECHANISTIC MODELLING
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PHYLOGENETIC APPROACH

>25 my i

10 ky

1 century —
1 decade —
1 year

1 month —

1 day —

Sampled temporal interval

1 hour —

| | | | I |

@ Y \6\
1m2  1km?  1000km’ Oo,gé?égg%
S A
/)},’,7}‘,0 ©,
%,?o* 2

NS

Sampled spatial interval



ALL APPROACHES
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APPROACHES - SPACE & TIME

Field observations Correlative approach

Mechanistic approach Experimental approach

Phylogenetic approach




APPROACHES - SPACE & TIME
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Field observations H Correlative approach

Mechanistic approach

@——l Experimental approach

Phylogenetic approach




INTRODUCTION APPROACHES ~ SPACE & TIME

Field observations Correlative approach

I i

Mechanistic approach Iﬁ Experimental approach

Phylogenetic approach




APPROACHES - SPACE & TIME
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Field observations Correlative approach

I i

Mechanistic approach Iﬁ Experimental approach

Phylogenetic approach ?




INTRODUCTION APPROACHES ~ SPACE & TIME

Field observations Correlative approach

I i

Mechanistic approach Iﬁ Experimental approach

Phylogenetic approach




Field observations Correlative approach

I i

Mechanistic approach Iﬁ Experimental approach

Phylogenetic approach




“There is scarcely any biological task more
“attractive than that of determining the nature -
' of the weapons by which plants oust each

other from habitats”

(Warming, 1895) '
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