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Species richness of vascular plants per 100 x 100 km quadrats

GLOBAL BIODIVERSITY: SPECIES NUMBER OF VASCULAR PLANTS
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Five centers of plant megadiversity: all long altitudinal gradients in wet tropics
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Fig. 2: Global centres of vascular plant diversity. The five centres of megadiversity are highlighted

Barthlott et al. 2007



Angiosperm families per 3,500 km? quadrats

Figure 1: A map of the global variation in the number of angiosperm families per 3.5 x 10* km* quadrat, on the basis of Heywood’s (1993)
distribution maps.



Current plant phylogeny [Angiosperm Phylogeny Group]
www.mobot.org/mobot/research/APweb/
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Phylogeny of the tropical rainforest flora in SE Queensland
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. Preridophytes

. Gymnosperms
D Basal Angiosperms
. Monocots

[l Boso! Eudicons
. Asterids

. Rosids Shapcott et al. (2015) PLoS ONE 10(3): e0122164. doi:10.1371/journal.pone.0122164



http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0122164
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There i1s ~40,000 - 53,000 tropical tree species
(trees defined as DBH>10cm)

Using a forest tree database of 657,630 trees from 11,371 species, Fisher’s log-series alpha and total number
of trees were estimated and used to extrapolate total species richness

Fig. 1. Overview of sample locations and their floristic affinities (point colors correspond to scores on the first DCA axis with similar colors indicating similar
generic composition, and the lines indicate the floristic affinities as determined by cluster analysis).
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Diversity increase with the number of sample sites and
the geographical extent of sites included
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Fisher’s-alpha values can be used to extrapolate species richness

of a defined region if the number of individuals is known.

Fisher’s log-series

:
S = ahn (1 n i)
-

S = the number of species
N = the number of individuals
o = a constant derived from the data
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Slik et al. PNAS 2015 An estimate of the number of tropical tree species
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RAD for estimated populations

Amazon Hyper-dominants
Just 227 spacies make

up 50% of all Individuals
inthe Amazon

Amrazon

62% of all species are expected tn
have populations under a milion individuals
and are equivalent to 0.12% of all trees in the

Species diversity estimates:
fitting log-series distribution

Close o 6000 speciesare expected
w have populations < 1000

Speciesrichness
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Pleutorhallis Bulbophyllum

Neotropical Palaeotropics
4,000 spp. 4,000 spp.

The largest plant families:

1. Orchidaceae 18,500 spp.

2. Rubiaceae: 10,200 spp.

3. Melastomataceae 5,000 spp.

Epidendrum Dendrobium
Neotropics Palaeotropics
1,000 spp. 1,000 spp.

Orchids: half of diversity In
four large, tropical and
epiphytic genera



Why are there so many species of orchids?

Epidendroidae

Apostasioideae

Vanilloideae
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Orchid phylogeny allows to test ecological
traits vs. diversification rates

Diversification rate accelerations:

 the evolution of pollinia

« epiphytic habit

« CAM photosynthesis

« tropical distribution (especially in
cordilleras)

 pollination via Lepidoptera or
euglossine bees.
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FABACEAE
LAURACEAE
RUBIACEAE
ANNONACEAE
EUPHORBIACEAE
MELASTOMATACEAE
ARECACEAE
MORACEAE
MELIACEAE
SAPOTACEAE
BOMBACACEAE
CLUSIACEAE
APOCYNACEAE
BURSURACEAE
ELAEOCARPACEAE
FLACOURT IACEAE
MYRTACEAE
BORAGINACEAE
CHRYSOBALANACEAE
SAPINDACEAE

BIGNONIACEAE
FABACEAE
SAPINDACEAE
MALPIGHIACEAE
MISTOLOCHIACEAE
CUCURBI TACEAE
DILLENTACEAE

La Selva lowland rainforest
(Costa Rica)
dominant plant families
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Fabaceae, Moraceae, Lauraceae, Dipterocarpaceae, Euphorbiaceae,

Burseraceae, Sapindaceae,

Dominant plant families of trees in lowland rainforests (DBH>10cm)



Dominant plant families along a Neotropical altitudinal gradient
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TABLE9.2 Largest genera of vascular plants, including weeds, in local florulas

Rio Palenque!
N

Piper 22
Ficus 18
Solanum 18
Peperomia 15
Philodendron

LaSelvaZ

Piper
Psychotria
Philodendron
Anthurium
Miconia

N

BCP

Piper
Psychotria
Inga

Ficus
Miconia

N

Cocha Cashu*

Ficus
Inga
Piper
Pouteria
Paullinia

N

Manaus (Ducke)’

Licania
Inga
Protium
Eschweilera
Swartzia
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A quick tour of plant taxonomic diversity in the tropics
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Gymnosperms:

Cycadales
Gnetales
Pinales
[Ginkgoales]

Photo J Leps




Gymnosperms: diversity hotspot at the Himalayan foothills,
followed by the US East Coast and New Guinea
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MuTks, HOSTERT a. BARTHLOTT 2005
Nees Institute for Biodiversity of Plants, University of Bonn
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Fig. 3: Global map of gymnosperm diversity based on the distributional ranges of 862 species (number of species per
10,000 km?)



_"/-f"'\;?.. ’ - Pinales: tropical conifers
\ Vv Y .
Tl y  Pinaceae: Pinus
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e S¥/8 Araucariaceae: Araucaria, Agathis
R, Podocarpaceae: Podocarpus
4 .‘ “
Q\ ¥ AN 5
A -
» /; ‘e l

Araucaria Mg SRR Podocarpus




Agathis (Araucariaceae) New Guinea




Pinus:
often used for tropical
plantations

Pinus merkusii iz

Photo Tim Block






Amboreilaceae

e — e Magnoliids: the monocots’ sisters

angiosperms |

_gu:moadeyaies
et Tnacroncs Piperales: Piperaceae
L ogroiaes | Laurales: Lauraceae, Monimiaceae
Alismatales -
: s o Magnoliales: Annonaceae,
g L pminaen Eupomatiaceae, Myristicaceae
= ————Aecaies
Poales commelinids




Piperales: Piperaceae

Magnoliales: Magnolicaeae,
Eupomatiaceae, Myristicaceae
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Kibara, Monimiaceae Litsea, Lauraceae Photo M. Janda
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Annonaceae: a pantropical

™ Annona squamosa g
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angiosperms |

monocots

An epiphyte of the orchid family

Monocots:

Alismatales: Araceae
Asparagales: Orchidaceae,
Agavaceae

Pandanales: Pandanaceae
Arecales: Arecaceae
Poales: Poaceae,
Bromeliaceae
Commelinales:
Commelinaceae
Zingiberales: Zingiberaceae
Maranthaceae, Heliconiaceae,
Musaceae



Pleutorhallis Bulbophyllum Epidendrum Dendrobium
Neotropical Palaeotropics Neotropics Palaeotropics
4,000 spp. 4,000 spp. 1,000 spp. 1,000 spp.

Orchidaceae: largest plant family, 20,000 species
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Arecaceae

¥

Al Vi TE S|

Calamus draco Willd.

Climbing palms — rattans, Calamus
Mostly SE Asia




Poaceae, Imperata




(V9]
)
)
D
S
(@]
Y
©
2
o
o
| —
'
o
D
Z
Y
o
D
S
)
fr’
(qe]
D
Y
)
(&)
c
—
2
®)
(qu]
%)
Im
©
&
(@]
| -
m













. /, h
é'ﬁlplma purpurata (VIEILL.)-‘?[@ SCHUNM.

- u

c‘.

-
Ao Vo
»

> .
¥ g . :r*
v
. : - WO
1 -

Zingiberaceae, Alpinia




Maranthaceae, Calathea
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Heliconiaceae, Heliconia
[mostly Neotropical, pollinated by hummingbirds, in SE Asia pollinated by bats]
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Ceratophyllales

eudicots

core eudicots

ids

Basal eudicots
Proteales: Nelumbonaceae

Nelumbo nucifera, lotos §

e



core eudicots|

rosids

asterids

eurosids |

eurosids Il

euasterids |

euasterids |l

Basal core eudicots

Caryophyllales: Cactaceae,
Nepenthaceae




—Gunnerales
Aextoxicaceae

———Berbendopsidaceae Rosids and asterids:

Dilleniaceae

Caryophyliales some of the families
Santalales

Saxifragales

Crossosomatales
Geraniales

core eudicots|

Myrtales
——Celastrales
——Malpighiales
——QOxalidales
Fabales eurosids |
Rosales
—Cucurbitales
——~Fagales .
Brassicales —‘I
——Malvales
——Sapindales

—Comales
Ericales

rosids

eurosids |l

Garryales |
—Gentianales .
{___amiales |Suasterids |
——Solanales B
Aquifoliales |

—Apiales .
‘ Asteral euasterids

Dipsacales _

asterids




Fagales:

Fagaceae: Castanopsis,
Lithocarpus

Nothofagaceae: Nothofagus
Casuarinaceae: Casuarina
Myricaceae: Myrica
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Lithocarpus PXAELE 0 Photo M. Janda



Fagaceae: Castanopsis, Lithocarpus
Nothofagaceae: Nothofagus
Casuarinaceae: Casuarina
Myricaceae: Myrica

Fagales:
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Bignoniaceae, Bignonia Photo M. Janda






Clusiaceae, Garcinia

i Photo M. Janda
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Combretaceae, Terminalia ‘ ™ “)"3
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Combretaceae, Terminalia impidens



Dipterocarpaceae, Anisoptera




Ebenaceae, Diospyros

Photo M. Janda



Euphorbiaceae, Fontainea ‘

Photo M. Janda
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Flacourtiaceae: Caesarla Flacourtia



Gentianaceae: Fagraea

Photo M. Janda
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Lecythidaceae, Barringtonia
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Lecythidaceae
Lecythis
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Meliaceae, Swietenia & Photo M. Janda






Eucalyptus sp. = ‘ B e o 2 e
©Thomas Schoepke Sl Sy '

Myrtaceae, Eucalyptus
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Myrtaceae, Syzygium

Syzygium jambos

Myrtaceae
Gerald D. Carr



Pittosporaceae,

Pittosporum (4 |
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¥ Rubiaceae, Mussaenda



Sapotaceae, Pouteria

Photo M. Janda
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Urticaceae, Elatostema 4 (e
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Verbenaceae, Teljsmaniodendron
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Anacardiaceae,

Anacardium

occidentale, cashew
‘nuts’ (flower receptacle)



http://upload.wikimedia.org/wikipedia/commons/7/70/Koeh-010.jpg
http://upload.wikimedia.org/wikipedia/commons/7/70/Koeh-010.jpg

Piper betel: chewed with lime and betel nut
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ITS LIKE ALCOHOL WITHOUT *
ALL THE DUI'S, BLACKOUTS, © |
FAT GIRLS, HANGOVERS,
FIGHTS, AND JAIL AND SHIT.
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Mangifera
Anacardiaceae, mango
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Elcais guencensis JAQL,
CThomas Schoepke
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Elaeis guineensis, Arecaceae, oil palm




Oil palm: the fastest expanding plantations in the tropics
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Biofuels from palm oil: terrible idea creating unlimited demand for rainforest destruction

Energetica”y’ pa|m oil makes sense World vegetable oil use for fuel / biodiesel / CHP
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Bombacaceae
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Durian:
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http://upload.wikimedia.org/wikipedia/commons/9/9a/Durio_kutej_F_070203_ime.jpg
http://upload.wikimedia.org/wikipedia/commons/9/9a/Durio_kutej_F_070203_ime.jpg
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http://upload.wikimedia.org/wikipedia/commons/b/bc/Koeh-071.jpg
http://upload.wikimedia.org/wikipedia/commons/b/bc/Koeh-071.jpg

Rubber boom in the Amazon 1880-1912
(Rubber tree native to the Amazon, Brazil enjoying monopoly)
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Henry Wickham stole 70,000 Hevea seeds in ¥ ,
Brazil in 1876, brought them to Kew I —
Gardens and allowed the British to finish
Brazil’s monopoly by establishing
plantations in Asia

To this day, Brazil remains paranoid about
theft of its biodiversity
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Rubiaceae, Coffee arabica




Coffee: production & consumption Coffee: shade vs. sun agrosystems
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Diverse shade trees
Low diversity shade trees
Sun coffee

http://www.coffeehabitat.com/2
006/02/what_is_shade_g/

Shalene et al. BioScience 2014. 64:416-428
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Caffeine: one of the ecologically most
successful alkaloids enabling Coffee
arabica, via a mutualistic relationship
| with a vertebrate species, to

- outcompete hundreds of plant species







Syzygium (Eugenia) aromaticum, Myrtaceae

Cloves (hfebicek) - dried flower buds



http://upload.wikimedia.org/wikipedia/commons/c/c5/Koeh-030.jpg
http://upload.wikimedia.org/wikipedia/commons/c/c5/Koeh-030.jpg
http://upload.wikimedia.org/wikipedia/en/6/60/CloveCloseUp.jpg
http://upload.wikimedia.org/wikipedia/en/6/60/CloveCloseUp.jpg

Myristica fragrans — nutmeg (muskatovy ofisek) and mace (m. kvét)
Myristicaceae




The Moluccas — Maluku Islands — Spice Islands
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Some of the most valuable (and profitable) land
for several centuries, as the sole source of nutmeg
and cloves, traded first by Arabs to Europe, until
in 1511 the Portuguese discovered the source of
these spices in the Moluccas. Then came the
Spanish, and finally by the Dutch with some
action from the British — they took over in 1796
and ended the spice monopoly by planting the
trees elsewhere in the tropics.



Run island (one of the smallest spice islands in the Moluccas)
— became British colony in 1616, after 4-years siege took by
the Dutch, and after numerous conflict traded to the Dutch by
the British in exchange for the Manhattan island (where New
Amsterdam was promptly renamed New York) in 1664.




C. maxima
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(C. reticulata)
C. x sinensis C. x aurantium ' C. x deliciosa * Ponkan mandarin
* Sweet orange * Sour orange * Willowleaf mandarin = * W. Murcoft mandarin ' C.micrantha
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C. clementina I -~ ‘

* Haploid clementine A Y B 4 i
(reference genome) C. paradisi C. limon C. aurantifolia
* Clementine mandarin Grapefruit Lemon Mexican lime
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The three major ancestors of citrus species — Citrus reticulata, C.
maxima and C. medica — contributed to the origins of all
currently cultivated citrus species. Species not highlighted in
yellow were not included in the current analysis. Lines with
arrowheads indicate contributions to hybrids; lines without
arrowheads represent simple introgression.

Velasco & Licciardello 2014. Nature Biotechnology 32, 640-642


http://upload.wikimedia.org/wikipedia/commons/b/b0/OrangeBloss_wb.jpg
http://upload.wikimedia.org/wikipedia/commons/b/b0/OrangeBloss_wb.jpg
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Sapindaceae, Nephelium (rambutan)


http://upload.wikimedia.org/wikipedia/commons/a/ae/Rambutan_Fruit.jpg
http://upload.wikimedia.org/wikipedia/commons/a/ae/Rambutan_Fruit.jpg
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j Sterculiaceae, Theobroma cacao

BULK OF COCOA PRODUCTION COMES OUT OF AFRICA

UCTION OF COCOA BEANS
+ FORECAST, THOUSANDS OF TONNES
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Passifloraceae, Passiflora
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Indicum,
galip nut
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Ipomoea batatas, T

prehilstone times faim
South Amenica by

Convolvulaceae, means ik
sweet potato

Early spread of sweet potato
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Manihot utilissima, Euphorbiaceae, cassava, manihot, manioc



sweet | F >
potato Nt ? ”

cassava
" e —— 1|antain
potato % 2P & banana

Banana and Plantain Production (Metric tonnes)
- EERNRRRSSeNTI

0 74,000




