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Goals of lecture

1. Definition and types of biodiversity
2. Biodiversity versus agrobiodiversity
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Biodiversity
The value of biodiversity

Diversity of plants used by humans
Agrobiodiversity
Major and minor crops

Changes in (agro)biodiversity
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Biodiversity

The value of biodiversity
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What is biodiversity?

The official definition of biodiversity on the Rio summit in 1992:
the variability among living organisms from all sources, includ-
ing, 'inter alia, terrestrial, marine, and other aquatic ecosystems,
and the ecological complexes of which they are part: this includes
diversity within species, between species and of ecosystems
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Meanings of biodiversity

- Species diversity

- Ecosystem diversity

- Morphological diversity
- Genetic diversity
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Estimated numbers of species

Species Richness by Taxonomic Groups Percentage Yet To Be Studied
Viruses %95
Prokaryota
(Bacteria, Archaea, Cyanophyta) €8
Eukaryota:
fungi
(incl. Lichens) £
Plants
(Mosses, Algae, Vascul. Plants) 23
Crustacea 687
Mollusca 515
Nematoda 950
Arachnida 830
Insecta a0
Other Invertebrates 3
(Mammals, Birds, Fishes, etc) 2]
Other Eukaryota 955
s 4 3 2 1 o 0 20 4 60 8 10
Absolute (Mill Species) (Data: A Chapham 2009 Relative (%) 714

Le Monde via Wikipedia

How many species are there on Earth?

Table 2.2. i total numbers of species.
Number of Estimated Numbers of Species”®
Described
Species® High Low Working Number®?

Species (000) (000) (000) (000) Accuracy®
Viruses 4 1,000 50 400 Very poor
Bacteria 4 3,000 50 1,000 Very poor
Fungi 72 2,000" 200 1,500 Moderate
Protozoa 40 200 60 200 Very poor
Algae 40 1,000° 150 400 Very poor
Vascular Plants 270 500 300 320 Good
Nematodes 25 1,000° 100 400 Poor
Arthropods

Crustaceans 40 200° 75 150 Moderate

Arachnids 75 1,000 300 750 Moderate

Insects 950 100,000 2,000 8,000 Moderate
Molluscs 70 200 100 200 Moderate
Chordates 45 55 50 50 Good
Others 115 800 200 250 Moderate
Total 1,750 110,955 3,635 13,620 Very poor
Source: Heywood (ed.),Global Blodiversity Assessment (Table 3.1-2; Hammond, 1995b) as modified by Hammond et al. (1995). Notes: a. Includes
‘approximate number of species currently recognized; b. The reliability of all estimates is likely to vary greatly; c. Includes estimates of possible species for 8/m

groups of organisms with more than 20,000 described species andor estimated to include in excess of 100,000 described species; d. Working numbers are
those widely accepted by specialists in each area; e. Accuracy is categorized as within a factor of 2 (good), within a factor of 5 (moderate), within a factor of
10 (poor), of not within an order of magnitude (very poor); {. Higher numbers have been proposed by extrapolaing from certain assumptions that have been
‘made with respect 1o the specificity and loads of parasites in invertebrate hosts; g. Higher numbers have been proposed by extrapolating from the conten's
of small samples of soil or mud from deep-sea sediment samples.

Myers et al, 2000

Distribution of biodiversity hotspots
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Leading hotspots
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Myers et al, 1990

Leadi ts in terms of endemics

Table 3 Leading hotspots in terms of endemics

Hotspot Endemic plants Endemic vertebrates
(% of global total, 300,000) (% of global total, 27,2398)

Tropical Andes™ 20,000 (6.7) 1,567 (5.7)

Sundaland® 15,000 (5.0 701 (2.6)

Madagascar” 9,704 (3.2) 771 (2.8)

Brazil's Atlantic Forest* 8,000 (2.7) 567 (2.1)

Caribbean* 7,000 (2.3) 779(2.9)

Sub-totals (% rounded) 59,704 (19.9) 4,385 (16.1)

Mesoamerica 5,000 (1.7) 1,159 (4.2)

Mediterranean Basin 13,000 (4.3) 235(0.9)

Indo-Burma 7,000 (2.3) 528(1.9)

Philippines 5,832 (1.9) 519(1.9)

Totals 90,536 (30.1)t 6,826 (25.0)

* Hotspots with at least 2% of the world's endemic plants and vertebrates, and comprising only R

0.4% of the Earth's land surface (all nine amount to 0.7% of the Earth's land surface).

T This would total 30.2% but for rounding of numbers in the individual hotspots.

Myers et al, 1990

Jatun Sacha Reserve in Ecuador

Galépagos
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Amazonia
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Andes

About 600 tree species in few km?: More than in all of North America!
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Kier et al, 2005

Figure 1: Numbers of plant species in different regions of the world.
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Global patterns of biological diversity
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mic value of biodi

- Environmental services

- Tourism

* Pesticides
* Medicines
- Materials

- New (alternative) plant species for food supply — Amaranth,

Natural products

quinoa, buckhwheat, etc. (minor crops)
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Tanacetum cinerariifolium
- Occurs on the Balkans
- Pyrethrum insecticide
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wwwgiftpflanzen.com

Medicines from plants

Catharanthus roseus

- Madagascar Periwinkle
- 50 alkaloids were found in plant

Wikipedia

- Vincristine: Cytostatikum
against tumors
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Distribution of plant species used by hum

e ms s

pironon et al. (2024)
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Correlation with biological and cultural diversity
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pironon et al. (2024)
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Agrobiodiversity
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Agrobiodiversity

According to FAO, agrobiodiversity
encompasses the variety and variability of animals, plants and
micro-organisms which are necessary to sustain key functions of
the agroecosystem, its structure and processes for, and in support
of, food production and food security
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Components of agrobiodiversity

Diversity of ecosystems Diversity of crop plants
- Agricultural fields - Main crop speces
- Meadows - Lesser crops
- Natural habitats - Modern varieties
- Land races

Other aspects of agrobiodiversity
- Related wild species, meadow plants
- 'Deleterious’ agrobiodiversity: Weeds, pests, pathogens

- Useful agrobiodiversity like pollinators, soil fauna or
microorganisms 274

- Diversity of livestock

Major and minor crops
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Global agrobiodiversity: Numbers of plant species

Wheat
Maize, Rice

30 mainly used

200 in statistics

7,000 used

30,000 edible

300,000 documented \

/ 400,000 estimated species \
24/
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» There is a 'long tail’

Sources of new crop species

of minor crops 5/5

Wheat
Maize, Rice

30 mainly used

200 in statistics

7,000 used

30,000 edible

300,000 documented

400,000 estimated species

Key decisions to take

* Improve the three key crops?
* Increase yield of other main crops?
* Breed minor crops into competitive crops?

* Domesticate new crops?

Stakeholders:

Political bodies

Agricultural researchers

Commercial plant breeders
* Farmers
Different interests
26/ 41

Examples of lesser used crops

* Yam

* Bambara peanut
* Amaranth

* Buckwheat

Tree species

Fodder crops/feed crops

Food plants restricted to certain regions:
« Teff (Eragrostis tef) = Ethiopia

Vegetables, fruits, medicinal plants

Wikipedia

Teff



Example of a mino

Buckwheat (Fagopyrum esculentum)

* Family Polygonaceae

Distribution: Asia, Russia, North America, Central and
Western Europe

undemanding, rapidly growing, but frost sensitive, grows
on poor sandy soils

Yield: 5-20 dt/ha

Uses: Food plant (grouts, porridge, flour additive from
fruits), fodder plant, green manure, bee food

Composition: 10% protein, 70% carbohydrates, 2% fat in
grain
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Changes in (agro)biodiversity
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in biodiversity in Germany since 4.000 years

Reference point

Species number Red List
Large-scale forest
3000 clearings;
Appearance of Neophytes*

agriophytes

/// Industry
Species introduced /7" World Trade} ) Archéo-
2000 first weeds since b;’ Romans 7 phytes

anthropogenic

1000 Postglacial
immigration of
species

Indigenousy natural

T T Tt
2000 1000 v.Chr. 0 n.Ch. 11000f 115001850
Warming of ClimatelLittle Ice Age?00

[ Neophytes g extinet [ endangered

Korneck et al. (1998) 30/w

Conclusion: Most important cause for change in
biodiversity:lmmigration of neophytes



Causes for the reduction of plant species in Germany

Food and pharmazeutial ndusty
Sclence, educaton and reigion
wiary
Wasts nc sevinge clsposal
Tratfic and transportation Factors affecting the
(plecuire change in biodiversity,
wrmensgement ordered by the number of
Commerce, development and industry

affected species of the

Resource exploiation

e

Touism and recreation red list.
Forestry and hunting
Agriculure
0 100 200 30 400 500
Number of species
Korneck and Sukopp (1988) 31/4
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- Intensifying of agriculture

R - Change in land use

Korneck et al. (1998)
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Global ¢ e of agrobiodiversity

Causes of genetic erosion mentioned in FAO country reports

*Land clearing  — 61
**Population pressure 7_ 46
Environmental degradation 7_ 33
Legislation/ policy [ 22
Pests/ weeds/ diseases [HEEN 9
Civil strife F 6

(o] itation of species 52
“*Reduced fallow B 6
Overgrazing | 32
Replacement of local varieties ] 81
Changing agricultural systems ] 18
0 23 45 68 90
Number of countries /@

FAO (1997)

nforest ve

AMAZON FOREST / SOY IN BR
MONGABAY.CO

Reduction of biodiversity at several levels

Biodiversity: Extinction of the rainforest

Agrobiodiversity: Monoculture and simple crop rotation (Soybean and
maize)

Genetic diversity: Few hybrid and GMO varieties with large market share
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- The term 'biodiversity’ applies to different levels of biological
organization.

- Biodiversity is unequally distributed among taxonomic groups,
geographic regions and throughout history.

- Agrobiodiversity is defined as the diversity in the context of
agriculture. Its ultimate purpose is to increase and support human
well-being.

- Agriculture is the most important factor for the decline of total
biodiversity.

- On a global scale, agriculture depends mainly on few plant species,
but there are numerous crops of local importance.
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Further reading

- Hammer et al. (2003) [ILIAS]
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Review questions

- Which levels of biological organisation are included into the
definition of biodiversity?

- How many species of plants were described, how many are
estimated to exist?

- What are centers of biological diversity? Where are the main centers
of biodiversity located?

- What is an endemic species?

- What is the importance of agrobiodiversity in relation to humans?

- What are the different components of agrobiodiversity?

- What are major and minor crops? Give some examples.

- Which processes lead to the decline of general and agricultural

biodiversity?
39/4
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